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1. INTRODUCTION 
1.1  Introduction to diabetes mellitus 
1.1.1 Prevalence and incidence 

The number of patients with diabetes mellitus is predicted to increase dramatically worldwide 

within the coming decades because of continued population growth, aging, urbanization, and the 

increasing prevalence of obesity and a sedentary lifestyle. Diabetes mellitus will thus be one of the 

most prominent threats to human health in the 21st century. Predicted estimates of the prevalence of 

patients with diabetes mellitus within the coming decades range up to more than 300 million, 

predominantly those with type 2 diabetes mellitus.1,2 In Denmark, the prevalence of patients with 

diabetes mellitus is currently estimated to be approximately 240,000 (~ 4.1% of the Danish 

population).3 The incidence rate of diabetes mellitus in Denmark has been increasing up until 2004 

but has been stable over the last few years with about 22,000-24,000 new cases a year.3,4  

 

1.1.2 Definition of diabetes mellitus 

Diabetes mellitus refers to a group of common metabolic disorders that share the phenotype of 

hyperglycaemia. Several distinct types of diabetes mellitus exist and are caused by a complex 

interaction between genetics and environmental factors. Diabetes mellitus is conventionally 

categorized into two major types designated as type 1 and type 2. Type 2 diabetes mellitus accounts 

for more than 90% of all patients with the disorder.5 

 

Type 1 diabetes mellitus commonly develops before the age of 30 years and is the result of 

complete or near-total insulin deficiency arising from autoimmune-mediated destruction of the 

insulin-producing pancreatic β-cells.5  

 

Type 2 diabetes mellitus is a heterogeneous group of disorders characterized by variable degrees of 

insulin resistance (a condition in which peripheral tissues show reduced sensitivity to the effects of 

insulin-stimulated glucose uptake), impaired insulin secretion, and increased glucose production. It 

is usually diagnosed in patients older than 30 years but also occurs in adolescents and children.5  

In the early stages of type 2 diabetes mellitus, glucose tolerance remains near-normal, despite 

insulin resistance, because the pancreatic β-cells compensate by increasing insulin output. As 

insulin resistance and compensatory hyperinsulinemia progress, the pancreatic islets in certain 

individuals are unable to sustain the hyperinsulinemic state. Impaired glucose tolerance, 
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characterized by elevations in postprandial glucose, then develops. A further decline in insulin 

secretion and an increase in hepatic glucose production lead to overt diabetes mellitus with fasting 

hyperglycaemia. Ultimately, β-cell failure may ensue.  

 

1.1.3 Treatment of diabetes mellitus 

Primary treatment goals for patients with diabetes mellitus include achievement of blood glucose 

levels that are as close to normal as possible to prevent diabetic complications. Both non-

pharmacologic and pharmacologic therapies are used for achieving glycaemic control among 

patients with diabetes mellitus. Non-pharmacologic approaches include a healthy diet, exercise, and 

weight loss and are generally the first steps in treating type 2 diabetes mellitus. Later, patients will 

require drugs that stimulate β-cells to make more insulin and/or drugs that help insulin work better. 

Unlike patients with type 1 diabetes mellitus, those with type 2 diabetes mellitus are not dependent 

on exogenous insulin but may require it for glycaemic control if non-pharmacologic approaches 

alone or oral antidiabetic drug(s) do not achieve it. 

 

Six types of antidiabetic drugs are approved for the treatment of diabetes mellitus: sulfonylureas, 

biguanides, alpha-glucosidase inhibitors, glitazones, meglitinides, and insulin.  

In 2008, a total of 174,328 patients were treated with antidiabetic drugs in Denmark.6 The most 

prescribed drugs in Denmark during the last decade have been sulfonylureas, metformin, and 

insulin, while only a few patients have been treated with alpha-glucosidase inhibitors, glitazones, 

and meglitinides. Novel antidiabetic treatments include combination pills (metformin+rosiglitazone, 

glimepiride+rosiglitazone, metformin+sitagliptin, and metformin+vildagliptin), incretin mimetic 

drugs (exenatide), and the dipeptidyl peptidase (DPP-4) inhibitors (sitagliptin and vildagliptin). 

Figure 1 shows the number of patients treated with the different antidiabetic drugs in Denmark from 

1994-2008.6 
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Figure 1. Use of antidiabetic drugs in Denmark, 1994-2008. 
 

Sulfonylureas: 

Sulfonylureas are insulin secretagogues and act by binding to an ATP-dependent K+ (KATP) channel 

on the cell membrane of pancreatic β-cells, thus mediating an increase in insulin release from the β-

cells.7 Sulfonylureas therefore require functional pancreatic β-cells because they only stimulate 

insulin secretion if there is a sufficient mass of β-cells. Reduction in available β-cells with 

progression of type 2 diabetes mellitus results in inadequately stimulated insulin release.  

In Denmark, five sulfonylureas are available: glibenclamide, glipizide, tolbutamide, glimepiride, 

and gliclazide. 

 

Biguanides:  

Metformin is the only available drug belonging to this class. It reduces blood glucose levels through 

suppression of gluconeogenesis, stimulation of peripheral glucose uptake in a number of tissues 

(mainly skeletal muscle) in the presence of insulin, and decreased absorption of glucose from the 

gastrointestinal tract. Metformin does not cause weight gain and appears to be the drug of choice in 

obese patients. Metformin is also used for the treatment of polycystic ovary syndrome.8 
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Alpha-glucosidase inhibitors: 

The alpha-glucosidase inhibitor used to treat patients with type 2 diabetes mellitus in Denmark is 

acarbose. It works by slowing the action of enzymes that break down dietary carbohydrates to 

release glucose into the blood. It thus delays the breakdown of complex carbohydrates and 

disaccharides to the absorbable monosaccharides by inhibiting maltase, isomaltase, sucrase, and 

glucoamylase, thus keeping blood glucose from rising after meals.9 

 

Glitazones: 

This group of insulin sensitizers is also called thiazolidinediones and includes rosiglitazone and 

pioglitazone. They act by helping the body use the available amounts of insulin more effectively by 

increasing the insulin sensitivity, especially in adipocytes, muscle, and liver. They achieve this by 

binding to the peroxisome proliferator-activated receptor gamma, leading to increased transcription 

of various insulin-sensitive genes, including those encoding glucose transporters, lipoprotein lipase, 

and fatty acid transport protein.10 An additional major effect is inhibition of hepatic 

gluconeogenesis.  

 

Meglitinides: 

Like the sulfonylureas, meglitinides are insulin secretagogues, and they too act by closing the KATP-

channels. However, the binding sites for meglitinides on the β-cells are different from those of 

sulfonylureas,11 leading to both specific and common cellular mechanisms. In Denmark, currently 

only repaglinide is available from this class, but during our study period, nateglinide also was 

available on the Danish market.  

 

Insulin: 

Insulin is taken via subcutaneous injection. A variety of insulin preparations are available that vary 

in their onset, peak, and duration of activity. Ideally, the use of exogenous insulin provides an 

insulin profile similar to that of a non-diabetic individual, with a continuous basal level of insulin 

availability augmented by increased availability following each meal. The injected insulin thus 

promotes glucose uptake and storage like endogenously produced insulin does.  

 

Figure 2 summarizes the effect of different antidiabetic treatments. 
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Figure 2. Antidiabetic treatments and their effects. 
 

 

1.2  Diabetes mellitus and cardiovascular disease 
The metabolic dysregulation associated with diabetes mellitus causes secondary pathophysiologic 

changes in multiple organ systems. Some of these changes increase the risk and worsen the 

prognosis of atherosclerotic diseases. Hence, patients with diabetes mellitus have an increased risk 

of these diseases (including myocardial infarction) compared with non-diabetic patients and a 

poorer prognosis compared with non-diabetic patients who do develop atherosclerotic diseases, 

including myocardial infarction and stroke.12 Factors associated with an increased risk are not 

necessarily the same as those that confer a poorer prognosis, but diabetes mellitus is nevertheless a 

well-recognized risk factor for myocardial infarction as well as a prognostic factor after myocardial 

infarction (Figure 3). 
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Figure 3. Risk and prognosis. Modified from Clinical Epidemiology - The Essentials.13 
 

 

1.2.1 Risk of atherosclerotic disease 

The increased risk of atherosclerotic disease among patients with diabetes mellitus was first 

demonstrated in epidemiological data originating from the Framingham Study in 1979. In this 

cohort, a total of 5,209 men and women were followed for 20 years and clinical cardiovascular 

endpoints were assessed. Diabetes mellitus was associated with an almost two-fold increased risk of 

coronary heart disease (including myocardial infarction) and stroke.14  

 

The large INTERHEART case-control study of 12,461 cases with myocardial infarction found 

diabetes mellitus to be a significant risk factor for the occurrence of myocardial infarction.15 In 

addition, it has been suggested that patients with diabetes mellitus without previous myocardial 

infarction carry the same risk of myocardial infarction as non-diabetic patients with previous 

myocardial infarction.16,17  

 

Finally, in a 12-year follow-up study of 690 patients with diabetes mellitus and 6,908 non-diabetic 

patients enrolled in the Honolulu Heart Program, diabetes mellitus was also associated with an 

almost two-fold increase in the incidence of stroke.18 
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1.2.2 Outcome after atherosclerotic disease 

Patients with diabetes mellitus have an adverse prognosis after atherosclerotic disease when 

compared to their non-diabetic counterparts. The adverse prognosis includes increased mortality 

rate and increased risk of readmission. In the Finnish Monitoring Trends and Determinants in 

Cardiovascular Diseases (FINMONICA) Myocardial Infarction Register Study, patients with 

diabetes mellitus had increased short- and long-term mortality rates after first-time myocardial 

infarction compared with non-diabetic patients,19 and a 5-year follow-up study of 787 patients with 

myocardial infarction in the Göteborg Metoprolol Trial showed that diabetes mellitus was an 

independent determinant of long-term reinfarction and mortality.20 

 

Diabetes mellitus affects stroke outcome as well. Among 1,135 patients with acute stroke in the 

Copenhagen Stroke Study, mortality was significantly increased in patients with diabetes mellitus.21 

A Swedish cohort study followed 121 patients with diabetes mellitus and 584 non-diabetic patients 

for up to 10 years after they had suffered a stroke and found that diabetes mellitus was associated 

with an increased risk of death after stroke and an increased risk of recurrent stroke and myocardial 

infarction among stroke survivors.22  

 

1.3  Antidiabetic treatments and cardiovascular disease 
Maintaining blood glucose levels as close as possible to the normal range (i.e., haemoglobin A1c 

(HbA1c) level <6.0%) among patients with type 2 diabetes mellitus is one way to lower the risk of 

macrovascular diseases. Each 1% reduction in HbA1c has been associated with a 14% decrease in 

risk of myocardial infarction and a 21% decrease in any endpoint related to diabetes mellitus.23 

 

1.3.1 Potential cardiovascular effects of different antidiabetic drugs 

Because different antidiabetic drugs lower blood glucose through different mechanisms, their effect 

on the cardiovascular system may differ. Several potential cardiovascular effects of different 

antidiabetic drugs have been postulated to explain how they may influence cardiovascular risk and 

outcome among patients with type 2 diabetes mellitus.  

 

Sulfonylureas: 

Binding of the sulfonylureas to KATP-channels in extra-pancreatic tissues may have a number of 

physiologic consequences. In cardiac myocytes, ischemia results in KATP opening, K+ efflux, 
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reduced Ca++ influx, and via these mechanisms a reduced contractility and consequently a decreased 

need for oxygen. Further, activation of KATP channels in the heart during ischemia is thought to 

minimize cardiac damage by “ischemic preconditioning”. In vascular cells, KATP opening decreases 

muscular tone, resulting in increased flow. In the brain, opening of the KATP channels under 

metabolic stress has been suggested to protect against neuronal damage and neurodegeneration.24 

Thus, sulfonylureas could at least theoretically be harmful by closing KATP channels. 

 

The impairment of ischemic preconditioning by some sulfonylureas (glibenclamide, glipizide) has 

been described both in experimental models25-27 and in patients undergoing coronary 

angiography.28-30 A similar effect has not been seen with other sulfonylureas (glimepiride, 

gliclazide).26-29,31  

 

The extra-pancreatic KATP channels are structurally different from the pancreatic isoform, giving a 

potentially different effect of sulfonylureas as their affinity for the different receptors differs.  

 

Sulfonylureas can also block the NCca-ATP channel, which is expressed in the central nervous system 

only under conditions of injury or ischemia. In a rodent model of ischemic stroke, this channel was 

upregulated, and post-event block by glibenclamide reduced mortality, cerebral oedema and infarct 

volume by half.32 

 

In addition, gliclazide may enhance fibrinolysis and reduce platelet activity and oxidative stress,33 

properties that might reduce myocardial ischemic damage. Glibenclamide may reduce arrhythmias 

during ischemia.34 Finally, glimepiride improves the lipid profile by reducing total and low-density 

lipoprotein (LDL) cholesterol and triglycerides and increasing high-density lipoprotein (HDL) 

cholesterol.35  

 

Biguanides: 

Metformin decreases total and LDL cholesterol, plasma free fatty acids, and triglycerides, giving a 

beneficial effect with regard to the lipid profile. Metformin also decreases concentrations and 

activity of the antifibrinolytic factor plasminogen activator inhibitor-1 (PAI-1), tissue plasminogen 

activator (tPA) antigen, von Willebrand factor, and platelet aggregation and adhesion, and increases 
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tPA activity, each of which improves hypercoagulability. Metformin further improves 

vasoreactivity.8 

 

However, metformin may cause gastrointestinal disturbances such as nausea and diarrhoea, and 

during chronic therapy, it will impair the intestinal absorption of group B vitamins (mainly vitamin 

B12) and folate. This effect leads to increased serum homocysteine, which may accelerate the risk 

for cardiovascular disease by adverse effects on platelets, clotting factors, and endothelium.8 

Finally, metformin may also lead to lethal lactic acidosis,8 but this is a rare complication.  

 

Alpha-glucosidase inhibitors: 

Acarbose has been shown to lower triglyceride levels, total and LDL cholesterol levels, and blood 

pressure.9 

 

Glitazones: 

Glitazones improve endothelial function and markedly increase circulating concentrations of the 

adipokine adiponectin, which may have antiatherogenic properties. Glitazones increase HDL 

cholesterol and reduce triglycerides, free fatty acids, PAI-1, tumour necrosis factor-α, and the 

inflammatory markers C-reactive protein (CRP) and CD40 ligand.10,36 

 

Meglitinides: 

Because of their shared mechanism of action, meglitinides may exert effects similar to those of 

sulfonylureas on the extra-pancreatic KATP channels. They have also shown beneficial effects on 

cardiovascular risk factors by reducing total and LDL cholesterol, triglycerides, free fatty acids, 

PAI-1, CRP, fibrinogen, and thrombin-antithrombin complexes.35 

 

Insulin: 

Insulin treatment has been shown to decrease PAI-1 activity.37 It may also restore impaired platelet 

function and correct the disturbed lipoprotein pattern after myocardial infarction. 

 

The clinical importance of the potential cardiovascular effects of the different antidiabetic 

treatments is unclear. It is not certain that beneficial/harmful physiological and biochemical effects 

translate into beneficial/harmful clinical effects. In the following sections, the literature on the 
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association of different antidiabetic treatments and clinical outcomes is described; however, the 

literature overview has been restricted to clinical outcomes that are important to this thesis, i.e., risk 

of myocardial infarction and outcomes after myocardial infarction and stroke. 

 

1.3.2 Antidiabetic treatment and risk of myocardial infarction 

PubMed was searched to identify articles on the association between antidiabetic treatments and 

risk of myocardial infarction, using the following search strategy: 

"Myocardial Infarction"[Mesh] AND ("Diabetes Mellitus, Type 2/diet therapy"[Mesh] OR 

"Diabetes Mellitus, Type 2/drug therapy"[Mesh] OR "Diabetes Mellitus, Type 2/therapy"[Mesh])) 

AND "Risk"[Mesh]  

The search was limited to include only English- and Danish-language studies in humans. Additional 

studies were found by searching the reference lists from the identified publications. Table 1 shows 

the relevant studies on antidiabetic treatment and risk of myocardial infarction. 
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Uncertainty regarding the cardiovascular safety of sulfonylureas arose in 1970 when the University 

Group Diabetes Program (UGDP), on the basis of epidemiological data, concluded that treatment 

with the sulfonylurea tolbutamide for 5-8 years increased cardiovascular mortality in comparison 

with treatment with insulin (both a fixed and a variable dose) or placebo.54 The observation 

generated much controversy, and the study has been heavily criticized for perceived methodological 

shortcomings.55,56 However, several other studies have also found increased cardiovascular risk 

among users of sulfonylureas. Two studies from Northern Ireland found a higher risk of myocardial 

infarction in patients treated with tablets (carbutamide, tolbutamide, chlorpropamide, tolazamide, 

acetohexamide, glibenclamide, phenformin, and/or metformin) than in patients treated with diet.38,39  

 

The United Kingdom Prospective Diabetes Study (UKPDS) group followed 3,867 newly diagnosed 

patients with type 2 diabetes mellitus randomly assigned to intensive treatment or conventional 

treatment and found a non-significant risk reduction for myocardial infarction with intensive 

treatment with chlorpropamide, glibenclamide, or insulin.40 In an analysis of overweight patients 

with type 2 diabetes mellitus the use of metformin was associated with reduced risk of myocardial 

infarction compared with diet therapy.41 However, addition of metformin to sulfonylurea therapy 

did not reduce the risk of myocardial infarction compared with sulfonylurea monotherapy.41 A 

recent follow-up study on the UKPDS trial found a reduced post-trial risk of myocardial infarction 

among users of sulfonylureas and/or insulin and also confirmed the reduced risk of myocardial 

infarction among users of metformin compared with diet therapy.42 

 

Metformin has also been associated with reduced risk of hospitalization with fatal and nonfatal 

cardiovascular events (including myocardial infarction) compared with sulfonylurea.48 A case-

control study also demonstrated a statistically significant reduction in the risk of myocardial 

infarction associated with use of metformin or glitazones (pioglitazone, rosiglitazone, and 

troglitazone) compared with sulfonylurea (glibenclamide and glipizide) among patients with type 2 

diabetes mellitus.49 Like the UKPDS trial, this study also found a reduced risk of myocardial 

infarction among those using metformin compared with diet therapy.49 Also consistent with the 

UKPDS findings, the risk of myocardial infarction among users of metformin and sulfonylurea was 

not lower than that among users of sulfonylurea alone.49  
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In contrast, a Scottish cohort study of patients newly treated with oral antidiabetic drugs reported 

similar risks of being hospitalized with cardiovascular disease among users of metformin and 

sulfonylureas, however, a combination of these (either sulfonylurea added to metformin or 

metformin added to sulfonylurea) was associated with an increased risk of being hospitalized with 

cardiovascular disease compared with metformin monotherapy.46  

In A Diabetes Outcome Progression Trial (ADOPT), a total of 4,360 patients without previous 

pharmacologic treatment for their newly diagnosed type 2 diabetes mellitus were randomized to 

rosiglitazone, metformin, or glibenclamide, and they had a similar risk of admissions with fatal and 

nonfatal myocardial infarction.44   

 

Recently, the cardiovascular safety of glitazones has been debated. Meta-analyses suggest that 

rosiglitazone is associated with increased risk of myocardial infarction compared with control 

therapy (placebo or other antidiabetic treatments),50,51 while pioglitazone is associated with a 

decreased risk of myocardial infarction (although not statistically significant) compared with 

control therapy.52 On the other hand, results from four randomized trials in patients with type 2 

diabetes mellitus after one year of treatment with pioglitazone or non-pioglitazone (metformin, 

gliclazide) showed a similar risk of myocardial infarction in the groups,43 and in a propensity score- 

matched cohort study, rosiglitazone users had the same risk of myocardial infarction as users of 

sulfonylureas and metformin.47  

 

A meta-analysis including seven randomized double-blind placebo-controlled trials showed that 

treatment with the α-glucosidase inhibitor acarbose may reduce the risk of myocardial infarction in 

patients with type 2 diabetes mellitus.45  

 

We have previously examined the association between the use of antidiabetic treatment and the risk 

of myocardial infarction in a population-based case-control study including 6,738 cases and 67,374 

age- and gender-matched population controls. The risk of myocardial infarction appeared higher 

among users of glibenclamide, glipizide or tolbutamide compared with users of glimepiride or 

gliclazide.53 The risk of myocardial infarction among users of insulin was higher than for users of 

oral antidiabetic drugs. Patients with diabetes mellitus without antidiabetic pharmacotherapy had 

the highest risk estimates for myocardial infarction.53 
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Comparison of the different studies in Table 1 is complicated because they compare different 

antidiabetic treatments, use different outcomes (some studies include myocardial infarction in a 

combined cardiovascular endpoint),45,46,48 and adjust for different sets of covariates.  

In addition, because antidiabetic treatment changes over time as the diabetes progresses, it is 

important to consider the severity of diabetes mellitus when comparing different antidiabetic 

treatments, but several of the existing studies did not include these data.38,39,47-49,53 The lack of 

information on other important covariates, including other diseases38,39 and the use of 

cardiovascular drugs,38,39 also makes results interpretation difficult.  

Finally, the majority of the existing studies did not distinguish between antidiabetic treatments 

(biguanides and sulfonylureas)38,39,43 and certainly not between sulfonylureas38,39,46-49. Combining 

the effect of different medical treatments may lead to over- or underestimation of the effect of one 

treatment by another.   

 

In conclusion, because the prevalence of type 2 diabetes mellitus is rising and patients are 

permanently dependent on their antidiabetic treatment, it is important to clarify whether any of 

these antidiabetic treatments is a risk factor for myocardial infarction.  

 

1.3.3 Antidiabetic treatment and outcome after myocardial infarction 

PubMed was searched to identify articles on the association between antidiabetic treatments and 

outcome after myocardial infarction, using the following terms: 

("Myocardial Infarction"[Mesh] AND ("Diabetes Mellitus, Type 2/diet therapy"[Mesh] OR 

"Diabetes Mellitus, Type 2/drug therapy"[Mesh] OR "Diabetes Mellitus, Type 2/therapy"[Mesh])) 

AND "Prognosis"[Mesh] 

The search was limited to include only English- and Danish-language studies in humans. Additional 

studies were found by searching the reference list from the identified publications.  

Table 2 shows the relevant studies on antidiabetic treatment and clinical outcome after myocardial 

infarction.  
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Several studies have examined the clinical outcome after myocardial infarction among patients 

receiving antidiabetic treatment.  

 

Since the UGDP trial, a number of studies have reported an adverse clinical outcome among users 

of sulfonylurea following myocardial infarction.  

Among 832 patients with myocardial infarction, patients treated with oral antidiabetic agents 

(tolbutamide, glibenclamide, or metformin) had higher mortality rates than insulin-treated patients 

with type 2 diabetes mellitus.57 Others have shown that treatment with oral antidiabetic agents 

(sulfonylurea or metformin) and insulin was associated with increased mortality following 

myocardial infarction compared with diet therapy,58,59,75,76 and early deaths were more common in 

the oral antidiabetic agent group compared with the insulin group.58 In older patients with diabetes 

mellitus and prior myocardial infarction, treatment with sulfonylurea was associated with increased 

risk of a new coronary event (nonfatal or fatal myocardial infarction or sudden coronary death) 

compared with insulin and diet.82  

 

Among patients with diabetes mellitus enrolled in the Sibrafiban versus aspirin to Yield Maximum 

Protection from ischemic Heart events post-acute cOroNary sYndromes (SYMPHONY) and 2nd 

SYMPHONY trials, users of insulin-providing therapy (sulfonylureas and/or insulin) had increased 

risk of death/myocardial infarction/severe recurrent ischemia compared with users of insulin-

sensitizing therapy (metformin and/or glitazones) following acute coronary syndrome.84 

 

Also, among patients undergoing coronary interventions, the association of sulfonylurea use and 

clinical outcome has been examined. Here, the use of sulfonylureas increased mortality among 

patients with diabetes mellitus and myocardial infarction undergoing acute revascularization 

therapy through coronary angioplasty.74 In patients undergoing coronary artery bypass graft 

(CABG), type 2 diabetes mellitus requiring oral antidiabetic agents or insulin treatment at the time 

of surgery was an independent risk factor for death and myocardial infarction.79 Patients with 

diabetes mellitus undergoing percutaneous coronary intervention (PCI) treated with sulfonylureas 

and/or insulin had markedly worse outcomes (increased rates of myocardial infarction and death) 

compared with patients treated with metformin.81 
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In the multicenter Diabetes Mellitus Insulin-Glucose Infusion in Acute Myocardial Infarction 

(DIGAMI) study, the patients were randomized to receive either insulin or conventional therapy in 

the acute phase following admission with myocardial infarction. Patients in the insulin group had a 

lower mortality compared with the control group,62-64 but there was no difference in the risk of 

reinfarction.62,63 The effect of insulin was particularly strong among patients with a low 

cardiovascular risk profile not already receiving insulin at the time of hospitalization.62,64 However, 

this effect could be the result of an improvement in blood glucose during the critical period 

following myocardial infarction and not a direct beneficial effect of insulin per se. The DIGAMI 

study did not distinguish between acute insulin infusion and continuous insulin-based metabolic 

control, so the DIGAMI 2 trial was planned to further explore the possible benefits of insulin 

treatment in patients with diabetes mellitus and myocardial infarction. However, the DIGAMI 2 

trial results did not support the hypothesis that acutely introduced long-term insulin treatment 

improves survival in type 2 diabetic patients following myocardial infarction when compared with a 

conventional blood glucose management of similar intensity.65 The DIGAMI 2 trial did, however, 

find that patients with type 2 diabetes mellitus should have their glucose levels closely monitored 

and regulated after myocardial infarction and that the metabolic treatment used to achieve this 

regulation did not make a difference. In a post hoc analysis of the DIGAMI-2 trial, sulfonylureas, 

metformin, or insulin did not influence mortality.66 However, the risk of nonfatal myocardial 

infarction and stroke increased significantly with insulin treatment while metformin was 

protective.66 

 

In a subanalysis of patients with diabetes mellitus from the Global Utilization of Streptokinase and 

Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO-I) trial, insulin users had a 

higher risk of being admitted with stroke, and they also had higher 30-day and 1-year mortalities 

compared with non-insulin-users.67 Similarly, in a subgroup analysis in the Survival And 

Ventricular Enlargement (SAVE) trial in patients with diabetes mellitus and myocardial infarction 

with left ventricular dysfunction, patients treated with insulin had a higher risk of subsequent 

mortality and cardiovascular events than patients not treated with insulin.85  

 

On the other hand, many studies have found no differences among antidiabetic treatments. In a 

population of men who survived a first-time myocardial infarction, there were no differences in 

mortality rates among patients treated with diet, sulfonylurea/metformin, or insulin.60 In addition, 
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use of sulfonylureas at the time of admission with myocardial infarction was not associated with 

increased mortality compared with insulin.61 

 

Further, a large study of elderly patients with myocardial infarction did found no association 

between sulfonylurea therapy (glibenclamide, glipizide, chlorpropamide, tolazamide, tolbutamide, 

and other sulfonylurea agents) and adverse outcomes.68 Elderly patients with type 2 diabetes 

mellitus hospitalized with myocardial infarction treated with either diet, oral antidiabetic agents 

(sulfonylurea or metformin), or insulin had similar 30-day mortality rates, but patients treated with 

insulin had higher 1-year mortality than patients treated with diet or oral antidiabetic agents.70  

Also, similar survival (short- and long-term) after myocardial infarction was found among patients 

treated with glibenclamide, gliclazide, insulin, metformin, and diet.71 

 

In a German follow-up study, all patients admitted with acute myocardial infarction were evaluated 

retrospectively and divided into four groups; non-diabetic, patients with type 2 diabetes mellitus 

diagnosed on admission, patients with type 2 diabetes mellitus treated with glibenclamide, and 

patients with type 2 diabetes mellitus not treated with sulfonylurea. No higher in-hospital mortality 

was demonstrated in type 2 diabetic patients receiving a sulfonylurea drug (glibenclamide) when 

compared with type 2 diabetic patients not taking sulfonylureas,78 nor were there any differences in 

long-term survival.80 

 

Sulfonylurea use prior to admission for myocardial infarction was not associated with increased 

rates of either mortality or cardiovascular adverse events when compared with alternative 

antidiabetic therapies (diet, other oral drugs, or insulin).77 Insulin was, however, associated with 

increased mortality, cardiogenic shock, reinfarction, and stroke compared with diet.77 

 

There were no clear mortality benefits or risks from the prescription of metformin or glitazones 

(insulin sensitizers) to type 2 diabetic patients with myocardial infarction over the first year 

following hospital discharge compared with patients given other antihyperglycaemic agents;83 

however, prescriptions of glitazones were associated with a mildly increased risk of readmission 

with heart failure.83   
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Patients with diabetes mellitus on sulfonylureas at the time of admission with myocardial infarction 

have also been observed to have a lower in-hospital mortality rate compared with patients with 

diabetes mellitus not taking theses agents.69 

 

Metformin (as monotherapy and in combination with sulfonylurea) has been associated with 

increased long-term mortality compared with patients treated with diet, whereas the use of 

sulfonylurea (glibenclamide, chlorpropamide, or tolbutamide) was not.72 However, monotherapy 

with either glibenclamide or metformin yielded a similar outcome and was associated with a modest 

increase in mortality compared with diet treatment, but mortality was markedly increased when a 

combined glibenclamide/metformin treatment was used.73  

 

In the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive) trial, a large 

European multicenter prospective study in male and female patients ages 35-75 years who had type 

2 diabetes mellitus and a history of macrovascular disease, pioglitazone significantly reduced the 

risk of recurrent fatal and nonfatal myocardial infarction in a subgroup analysis of patients with 

type 2 diabetes mellitus and previous myocardial infarction compared with placebo.86  

 

Recently, we found some indication of variation in 30-day mortality rates after myocardial 

infarction among users of different antidiabetic treatments.53 In particular, gliclazide appeared to be 

associated with reduced mortality (9.5%).53  

 

Comparison of the different studies in Table 2 is also complicated because they compare different 

antidiabetic treatments, use different inclusion criteria (myocardial infarction,57-59,61-71,75-78,80,82,83,86 

first-time myocardial infarction,53,60 myocardial infarction with left ventricular dysfunction,85 

myocardial infarction and/or stable anginal syndrome,72,73 acute coronary syndrome,84 or coronary 

intervention procedures74,79,81), different lengths of follow-up (short-term53,57-59,62,67-71,74,77-79,84 vs. 

long-term60-64,66,67,70-73,75-77,79-83,85,86), and different exposure times (at admission53,57-59,61,67-71,74-79 or 

at discharge60,66,71,83), and adjust for different sets of covariates. Some of the studies had relatively 

small sample sizes,53,57-60,77,78,80,82 which gave rise to statistically imprecise risk estimates and 

complicated the interpretation. 
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Because antidiabetic treatment changes over time and as the disease progresses, it is important to 

consider the severity of diabetes mellitus when comparing different antidiabetic treatments, but 

several of the existing studies did not include these data.53,57,58,60,61,67-78,80-82,84 The lack of other 

important confounding factors, including other diseases57-61,82,84 and the use of cardiovascular 

drugs,57-61,68,74-76,79,82,84 also makes it difficult to interpret the results.  

 

Finally, several studies did not distinguish between antidiabetic treatments (combined biguanides 

and sulfonylureas,57-60,70,75,76,79 and combined sulfonylureas and insulin81,83,84) and certainly not 

among different sulfonylureas,57-61,66,68,69,72,74-77,83,84 leading to previously noted possibility that the 

effects of one treatment may be under- or overestimated by the other.   

 

1.3.4 Antidiabetic treatment and outcome after stroke 

PubMed was searched to identify articles on the association between antidiabetic treatments and 

outcome after stroke, using the following search strategy: 

("Stroke"[Mesh] AND ("Diabetes Mellitus, Type 2/diet therapy"[Mesh] OR "Diabetes Mellitus, 

Type 2/drug therapy"[Mesh] OR "Diabetes Mellitus, Type 2/therapy"[Mesh])) AND 

"Prognosis"[Mesh]  

The search was limited to include only English- and Danish-language studies in humans. Additional 

studies were found by searching the reference list from the identified publications.  

Only a few studies have examined the association between antidiabetic treatments and clinical 

outcome after stroke, and the relevant studies are shown in Table 3. 

 

A German study found no adverse in-hospital outcome of diabetic stroke patients who used 

sulfonylureas (glibenclamide, glimepiride, and/or glibornuride) before stroke compared with 

patients treated with diet, insulin, and/or other oral antidiabetic drugs, and in-hospital mortality rate 

was not increased in patients who used sulfonylureas. However, there was a non-significant trend 

toward increased neurological improvement in the sulfonylureas group.87  

 

Another German study found that treatment with sulfonylureas (glibenclamide, glimepiride, or 

glibornuride) at admission and maintained during the acute phase of cerebral infarction was 

associated with a beneficial effect on neurological and functional outcomes at the time of discharge 

compared with treatment with diet, insulin, and/or other oral antidiabetic drugs, preferentially in 
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patients with non-lacunar strokes.88 Because the effect was independent of glucose levels,88 the 

beneficial effect of sulfonylureas appeared not to be limited to the metabolic control of type 2 

diabetes mellitus.  

 

Finally, in the PROactive study, pioglitazone significantly reduced the risk of recurrent fatal and 

nonfatal stroke in a subgroup analysis of 984 patients with type 2 diabetes mellitus and prior 

stroke.89  

 

Data regarding outcome in stroke patients using various types of antidiabetic treatments are sparse, 

and it thus remains unclear whether antidiabetic treatments have different effect on the prognosis 

after stroke. Pioglitazone and sulfonylureas may have beneficial effects on the prognosis after 

stroke in patients with type 2 diabetes mellitus, but the available studies had some limitations, 

including small sample sizes87,88 and failure to adjust for a range of important prognostic factors 

such as severity and duration of diabetes87,88 and concomitant treatments.88  
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Table 3. Studies on antidiabetic treatment and clinical outcome after stroke. 

Author, 

year. 

country 

Study 

design 

Inclusion 

criteria 

Outcome Results 

Wilcox et 

al. 2007, 

UK89 

Pioglitazone:.486 

Placebo: 498 

RCT Stroke  Cardiovascular 

events  

All-cause mortality, nonfatal 

myocardial infarction, nonfatal 

stroke, acute coronary syndrome, 

cardiac intervention (including 

CABG or PCI), leg 

revascularization, or major leg 

amputation:  

Placebo: HR 1.00 (ref.) 

Pioglitazone: HR 0.78 (0.60-1.02)  

Fatal or nonfatal stroke:  

Placebo: HR 1.00 (ref.) 

Pioglitazone: HR 0.53 (0.34-0.85)  

Cardiovascular death, nonfatal 

stroke, or nonfatal myocardial 

infarction:  

Placebo: HR 1.00 (ref.) 

Pioglitazone: HR 0.72 (0.53-1.00) 

Weih et al. 

2001, 

Germany87 

Sulfonylurea: 60  

Non-sulfonylurea: 86 

Cohort Stroke 

(excluding 

haemorrhagic 

stroke, 

subarachnoid 

haemorhage, 

transient 

ischemic 

attack, and 

cerebral sinus 

thrombosis) 

Mortality, 

stroke severity, 

and in-hospital 

outcome 

Mortality: 

Non-sulfonylurea: OR 1.00 (ref.) 

Sulfonylurea: OR 1.2 (0.4-3.5) 

Deteriorating stroke:  

Non-sulfonylurea: OR 1.00 (ref.) 

Sulfonylurea: OR 0.6 (0.2-21.2)  

Severe stroke:  

Non-sulfonylurea: OR 1.00 (ref.) 

Sulfonylurea: OR 0.9 (0.4-2.1) 
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Kunte et al 

2007, 

Germany88 

Sulfonylurea: 33  

Non-sulfonylurea: 28 

Cohort Acute 

ischemic 

stroke 

National 

Institute of 

Health Stroke 

Scale 

(NIHSS), 

modified 

Rankin scale 

(mRS) score 

≤2 

Neurological outcome (NIHSS 

improvement ≥4 or NIHSS=0): 

Sulfonylurea: 36.4% 

Non-sulfonylurea: 7.1% 

p=0.007 

Functional outcome (reached 

mRS≤2 at the time of discharge): 

Sulfonylurea: 81.8% 

Non-sulfonylurea: 57.1% 

p=0.035 

HR = hazard ratio, OR = odds ratio, RCT = randomized controlled trial, ref. = reference 
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2. AIMS OF THE THESIS 

 
 To examine whether the risk of myocardial infarction differ according to type of antidiabetic 

treatment in patients with type 2 diabetes mellitus (Study I) 

 

 To examine whether the clinical outcome following hospitalization with myocardial 

infarction differ according to type of antidiabetic treatment in patients with type 2 diabetes 

mellitus (Studies II+III) 

 

 To examine whether the clinical outcome following hospitalization with ischemic stroke 

differ according to type of antidiabetic treatment in patients with type 2 diabetes mellitus 

(Study IV) 
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3. SUBJECTS AND METHODS 
 

3.1 Setting 
All studies were conducted within the entire Danish population (approximately 5.3 million) and 

were based on population-based Danish medical and administrative registries. The Danish National 

Health Service provides tax-supported health care for all inhabitants, guaranteeing free access to 

general practitioners and hospitals and refunding a variable proportion of prescription medication 

costs.  

 

3.2 Data sources 
3.2.1 The Danish Civil Registration System 
The Danish Civil Registration System has kept electronic records on gender, date of birth, change 

of address, date of emigration, and changes in vital status since 1968.90,91 The records carry a 

unique 10-digit civil registration number, assigned to every Danish citizen and used in all Danish 

registries, enabling unambiguous linkage among them. 

 
3.2.2 The Danish National Patient Registry 
This registry, established in 1977, holds data on all hospitalizations from all Danish non-psychiatric 

hospitals, including dates of admission and discharge, surgical procedure(s) performed, and up to 20 

discharge diagnoses assigned by the treating physician and coded according to the International 

Classification of Diseases (ICD) (8th revision (ICD-8) until the end of 1993, and 10th revision (ICD-

10) thereafter).92 Visits to emergency departments and outpatient clinics have also been recorded 

since 1995. 

 
3.2.3 The Register of Medicinal Product Statistics 
This registry contains data from 1995 and onwards on all prescription drugs dispensed at all Danish 

pharmacies, including patient civil registration number, type of drug according to the Anatomical 

Therapeutic Chemical (ATC) classification system, and date of dispensing the drug.   
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3.2.4 The Integrated Database for Labour Market Research (IDA) 
The IDA database was established in 1980 and is administered by Statistics Denmark.93 It consists 

of more than 250 variables characterizing the Danish population, the population’s attachment to the 

labour market, and the labour market. All Danish citizens are characterized by data on their family 

and household, education, employment, and income. The data are supplied by tax authorities, 

educational institutions, and employment services. The IDA database is updated annually. 

 

3.2.5 The National Health Insurance Service Registry 

This registry contains data on services in the primary healthcare (general practitioners, medical 

specialists, doctors on emergency duty, opticians, dentists, private laboratories, physiotherapists, 

occupational therapists, chiropodists, and psychologists) since 1990. The individual provider is 

responsible for registering any given health care service. Diabetes-related services include blood 

glucose measurements and diabetic foot care performed by a chiropodist. The registry does not 

contain information on the results of the tests. 

 

3.2.6 The Danish National Indicator Project (DNIP) 
The DNIP94 was established in 2000 as a nationwide quality-improvement project. The project 

targets documentation, monitoring, and improvement of the quality of care for patients with specific 

diseases, including stroke. Data on quality of care and patient characteristics are collected 

prospectively upon hospital admission by the staff treating the patients, using a standardized 

registration form with strict data specifications. Participation in DNIP is mandatory for all hospitals 

and relevant clinical departments in Denmark treating patients with stroke.  

 

Patients 18 years of age or older are eligible for inclusion in the DNIP stroke database if they are 

hospitalized with stroke according to the WHO criteria, i.e., rapidly developing symptoms and signs 

of focal or global neurological dysfunction of presumed vascular aetiology lasting more than 24 

hours or leading to death.95 A national expert panel has identified seven quality-of-care criteria 

covering the acute phase of stroke.94 A time frame is defined for each criterion to capture the 

timeliness of the interventions. The criteria include early admission to a specialized stroke unit, 

early administration of antiplatelet or anticoagulant therapy, early examination with CT/MRI scan, 

and early assessment by a physiotherapist and occupational therapist and of nutritional risk. Patients 

were classified as eligible or non-eligible for the specific processes of care depending on whether 
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the stroke team or physician treating the patients identified contraindications, such as severe 

dementia in a patient with ischemic stroke and atrial fibrillation precluding oral anticoagulant 

therapy, or rapid spontaneous recovery of motor symptoms, making early assessment by a 

physiotherapist and occupational therapist irrelevant. Thus, it was left to the staff to decide whether 

or not contraindications to the specific criteria were present.  

 

Data on patient characteristics include age, sex, marital status (living with partner, family, or friend, 

living alone), Scandinavian Stroke Scale score, history of previous stroke and myocardial 

infarction, previous and/or current atrial fibrillation, hypertension, diabetes mellitus, intermittent 

claudication, smoking habits (never, daily, occasionally, former (quit more than ½ year prior to 

admission)), alcohol intake (≤14/21 or >14/21 drinks per week for women and men, respectively), 

and body mass index (BMI) (weight in kg divided by the square of the height in meters). 

 
3.2.7 The Laboratory Information Systems (LABKA) 

All tests analyzed in hospital laboratories in Aarhus and North Jutland counties are registered in the 

LABKA system and thus contain information on all specimens submitted for analysis by hospitals 

and practitioners. The databases were initiated in 1992 in North Jutland and in 1990 in Aarhus, but 

data are first considered complete from 1997 in North Jutland County and 1996 in Aarhus County. 

Data include the patient’s civil registration number, the test name, the test’s International Union for 

Pure and Applied Chemistry code and/or a local analysis number, the result, the measuring unit, the 

dates of ordering and carrying out the analysis, and a code for the hospital department or the general 

practitioner who ordered the test.  

 

3.3 Study designs 
3.3.1 Case-control design (Study I) 

Study I is a case-control study aimed at comparing the risk of hospitalization with myocardial 

infarction among users of different antidiabetic treatments. The source population consisted of all 

patients with type 2 diabetes mellitus in Denmark. Cases (i.e., patients with type 2 diabetes mellitus 

and a first-time hospitalization with myocardial infarction between 1996 and 2004) were then 

identified. On the date of each case’s first hospitalization with myocardial infarction, we randomly 

selected 10 non-myocardial infarction controls from the total population of patients with type 2 

diabetes mellitus through the Danish Civil Registration System using risk set sampling,96 i.e., the 
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controls had to be alive and at risk of myocardial infarction at the time the corresponding case was 

diagnosed. The controls were matched for age and gender.  

 

3.3.2 Cohort design (Studies II, III, and IV) 

Studies II, III, and IV were all cohort studies examining the clinical outcome among users of 

antidiabetic treatments with a first-time myocardial infarction (studies II, and III) or ischemic stroke 

(study IV). In studies II and III, we identified all patients with a first-time myocardial infarction and 

type 2 diabetes mellitus between 1996 and 2004; in study IV, we identified all patients with an 

ischemic stroke and type 2 diabetes mellitus between 2003 and 2006.  

 

3.4 Study population, exposure, outcomes, and confounding factors 
3.4.1. Study population 

In all studies, we started by identifying all patients with diabetes mellitus (in studies II, and III 

among patients with myocardial infarction, and in study IV among patients with ischemic stroke).  

In studies II, III, and IV, we used the Danish National Patient Registry and the Registry of 

Medicinal Product Statistics to identify patients with diabetes mellitus because this has proven to be 

of high quality and almost complete.97 We found all hospital discharge diagnoses of type 1 and type 

2 diabetes mellitus (ICD-8 codes 249, 250, ICD-10 codes E10, E11, E14, G63.2, H36.0, and 

N08.3), and because antidiabetic drugs are available only by prescription in Denmark, we traced all 

prescriptions for antidiabetic drugs (ATC-codes A10A and A10B) redeemed prior to admission for 

myocardial infarction (studies II and III) or prior to admission for ischemic stroke (study IV).  

 

In study I, we further extended the definition of diabetes mellitus to include data from the National 

Health Service Registry to obtain a more valid estimate of the entire population with diabetes 

mellitus in Denmark.98,99 We thus identified patients with diabetes mellitus either from the Danish 

National Patient Registry, the Registry of Medicinal Product Statistics, or the National Health 

Service Registry (at least one visit to a chiropodist, at least five blood glucose measurements within 

one year, and/or minimum two blood glucose measurements per year during five subsequent years). 

 

We were interested only in patients with type 2 diabetes mellitus, and the patients were thus 

classified according to the type of diabetes mellitus. Patients with type 1 diabetes mellitus were 

those who were younger than 30 years by the time of the first prescription or diagnosis (or diabetes 
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defining service in the primary health care only in study I), and who filled prescription(s) for insulin 

but not for an oral antidiabetic drug. Patients with type 1 diabetes mellitus under this definition 

were excluded, and the remaining patients with type 2 diabetes mellitus therefore constituted the 

study population. 

 

3.4.2. Exposure 

In all studies the exposure was antidiabetic treatment among patients with type 2 diabetes mellitus, 

and patients with type 2 diabetes mellitus were thus categorized according to type of antidiabetic 

treatment. The patients using only one type of antidiabetic drugs in the 90 days prior to 

hospitalization (or index date) were categorized according to the antidiabetic drug class: 

sulfonylureas, metformin, other oral antidiabetic drugs (glitazones, acarbose, and repaglinide), or 

insulin. Patients who used more than one type of antidiabetic drug during the 90 days prior to 

hospitalization (or index date) were categorized as combined users. Patients not using any 

antidiabetic drugs during the 90 days prior to hospitalization (or index date) were categorized as 

patients without antidiabetic pharmacotherapy. Patients using glitazones, acarbose, and/or 

repaglinide were excluded from the analyses in all four studies because their limited numbers made 

it impossible to draw any conclusions about the clinical outcomes in the context of the study aims.  

 

Prescriptions for antidiabetic drugs in Denmark are usually issued for three months but may be 

issued for up to six months. We therefore also categorized patients according to drug use within 180 

days prior to hospitalization (or index date). 

 

3.4.3. Outcome 

Myocardial infarction: 

In study I, the outcome was hospitalization with myocardial infarction. Data on myocardial 

infarction were obtained from the Danish National Patient Registry. We first constructed a hospital 

discharge history for all Danish patients with diabetes mellitus based on data going back to 1977, 

and then identified all patients who were registered with a first-time hospitalization with myocardial 

infarction (ICD-10 codes I21.0-I21.9) during the study period. 
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Mortality: 

The main outcome in studies II, III, and IV was death from any cause within 30 days and at one 

year following the admission date. In this thesis, mortality is used as a synonym for “risk of death”, 

“cumulative incidence of death”, or “cumulative mortality”. The mortality was ascertained from the 

Civil Registration System. 

 

Readmissions: 

Secondary outcomes in studies II, III, and IV were readmissions with myocardial infarction or heart 

failure (studies II and III) and myocardial infarction and ischemic stroke (study IV) within one year 

after hospitalization. Readmission with myocardial infarction (IDC-10 codes I21, I22) or heart 

failure (ICD-10-codes I11.0, I13.0, I13.2, I25.5, I42.0, I42.6, I42.7, I42.8, I42.9, I50.0, I50.1, or 

I50.9) was ascertained from the Danish National Patient Registry. In studies II and III, readmission 

with myocardial infarction within 28 days of the original myocardial event was not considered a 

new event.100 Readmission with recurrent ischemic stroke (ICD-10 codes I63, I64) was ascertained 

from the DNIP stroke database. 

 

3.4.4. Confounding factors 

A number of factors may have affected the choice of antidiabetic treatment. We therefore adjusted 

for a wide range of potential confounding factors in all studies. Data on the potential confounding 

factors were obtained through the different Danish registries.  

 

Comorbidity: 

To adjust for confounding by comorbidity in studies II, III, and IV, we computed for each patient 

the comorbidity index score developed by Charlson et al101 based on discharge diagnoses from the 

Danish National Patient Registry. The index covers 19 major disease categories, including diabetes 

mellitus, myocardial infarction, heart failure, cerebrovascular diseases and cancer, weighted 

according to their effect on patient survival, and is widely used to control for confounding in 

epidemiological studies. Recently, the positive predictive values of the included disease diagnoses, 

as ascertained in the Danish National Patient Registry, was found to be very high.102 

 

We calculated the score based on all previous discharge diagnoses recorded before the date of 

admission but excluded discharge diagnoses of diabetes mellitus and myocardial infarction (or 
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ischemic stroke in study IV). We defined three comorbidity levels on the basis of the Charlson 

index scores: 0 (“low”), corresponding to patients with no recorded underlying diseases according 

to the Charlson index; 1-2 (“medium”); and ≥3 (“high”).  

 

We also obtained information on conditions/procedures not included in the Charlson comorbidity 

index: previous diagnoses of hypertension, coronary revascularization procedures (PCI and CABG), 

alcoholism-related diseases, and diabetes complications (i.e., retinopathy, nephropathy, and 

neuropathy). These covariates were also used in study I together with previous diagnoses of chronic 

bronchitis and emphysema, liver cirrhosis, stroke, and peripheral arterial disease. Data on coronary 

revascularization procedures performed during or after the admission for myocardial infarction 

were also obtained in studies II and III. 

 

Duration of type 2 diabetes mellitus: 

We estimated the duration of type 2 diabetes mellitus as the time since the first prescription for a 

antidiabetic drug or the first diagnosis of diabetes mellitus, (or in addition in study I, the first 

diabetes mellitus defining service in the primary health care system) and categorized the duration 

into three groups: ≤5 years, 5-10 years, and >10 years. 

 

Socioeconomic status: 

We received information about the socioeconomic status from IDA. In studies II and III, patients 

were classified according to socioeconomic status (employed, pensioner, or other) in the year prior 

to the admission. In study I, we also included marital status (single, married or co-habiting), gross 

income in quartiles, and educational level (university degree, short/medium-term formal education, 

basic vocational education, basic school, or unspecified) in the year prior to admission. Similar 

covariates were used in study IV, but the information on marital status was received from the DNIP 

stroke database. 

 

Comedication: 

We identified all prescriptions for cardiovascular drugs (antihypertensive drugs, lipid-lowering 

drugs, platelet inhibitors, vitamin K antagonists, nitrates), and hormone replacement therapy (HRT) 

filled before the date of admission. Because the use of these drugs can change following admission, 
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in studies II, III, and IV, we also identified all prescriptions filled within one year after the 

admission. 

 

Biochemical data:  

Biochemical data reflecting the intensity of the antiglycaemic treatment and the extent of 

myocardial damage following admission with myocardial infarction were available from the 

LABKA system for tests analyzed in North Jutland and Aarhus counties, covering a population of 

approximately 1,150,000 (~22% of the total Danish population). Data on HbA1c, blood glucose, 

troponin T, and creatine kinase MB (CK-MB) were retrieved. We used the latest measurement of 

HbA1c within 180 days prior to admission and seven days after the admission, and the highest level 

of blood glucose, troponin T, and CK-MB on the day of admission or the following day. In studies 

II and III, we included all four covariates, but in study I, only HbA1c was included. 

 

Lifestyle factors: 

For study IV, further information on lifestyle factors came from the DNIP stroke database. We 

included alcohol intake, smoking habits, and BMI. 

 

Scandinavian Stroke Scale score: 

The Scandinavian Stroke Scale score is used to assess the admission stroke severity. It is a validated 

and widely used neurologic stroke score in Scandinavia that evaluates the level of consciousness, 

eye movement, power in hand, arm, and leg, orientation, aphasia, facial paresis, and gait on a total 

score that ranges from 0 to 58.103 The Scandinavian Stroke Scale score can be assessed reliably 

either face-to-face104 or from routine hospital admission records.105 We defined four levels of the 

score: very severe (0-14), severe (15-29), moderate (30-44), and mild (45-58). 

 

Quality of in-hospital care: 

The quality of in-hospital stroke care during the acute phase, i.e., fulfilment of the quality-of-care 

criteria (early admission to a specialized stroke unit, early administration of antiplatelet or 

anticoagulant therapy, early examination with CT/MRI scan, and early assessment by a 

physiotherapist and occupational therapist and of nutritional risk), have been linked to post-stroke 

mortality.106 We computed a variable containing the percentage of fulfilled criteria for each patient 

in study IV as a measure for in-hospital stroke care. 
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3.5 Statistical analyses 
All analyses were performed using Stata (StataCorp LP, College Station, TX, USA) (version 8.2 in 

studies II and III, and version 10.0 in studies I and IV) and using version 9.1.3 of the SAS software 

(SAS Institute Inc., Cary, NC, USA). The statistical significance level was set to 0.05 in all 

analyses. 

 
3.5.1 Conditional logistic regression analysis (Study I) 

The association between preadmission antidiabetic treatment and the risk of myocardial infarction 

in study I was expressed as odds ratios (ORs) with 95% confidence intervals (CIs) and was derived 

from logistic regression models. Because patients were matched for age and gender, we used 

conditional logistic regression. Also, because we used risk set sampling of controls, these ORs were 

unbiased estimates of the corresponding incidence rate ratio.96 In the logistic regression analyses, 

we adjusted for a previous history of hypertension, chronic bronchitis and emphysema, alcohol-

related diseases, liver cirrhosis, stroke, peripheral arterial disease, and diabetes complications (i.e., 

retinopathy, nephropathy, and neuropathy), and for use of antihypertensive drugs, statins, other 

lipid-lowering drugs, high-dose aspirin, platelet inhibitors, oral anticoagulants, nitrates, or HRT, 

and marital status, employment status, gross income, and educational level. 

  

Differences in risk of myocardial infarction between the different combination types and between 

the individual sulfonylureas were assessed by likelihood ratio tests. Patients receiving sulfonylureas 

were used as the reference group in the primary analyses. In the subanalysis in which we compared 

the risk among users of different sulfonylureas, both users of tolbutamide and metformin served as 

the reference group.  

 

3.5.2 Cox proportional hazards regression analysis (Studies II, III, and IV) 

In the clinical outcome studies, follow-up began on the date of admission and ended on the date of 

readmission (only in analyses on risk of readmissions), death, emigration, or after 30 days/1 year. 

We constructed Kaplan-Meier mortality curves for the antidiabetic treatments and computed the 

cumulative 30-day and 1-year mortality.  

 

The associations between antidiabetic treatment and mortality and readmissions were expressed as 

hazard ratios (HRs) and 95% CIs as estimates of the relative risks for each outcome and were 
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derived from a Cox proportional hazards regression analysis. We used the Efron approximation to 

handle tied survival times and included all measured covariates; uses of antidiabetic drugs, 

cardiovascular drugs, and HRT after admission were treated as time-dependent covariates. Patients 

receiving sulfonylureas served as the reference group; however, for estimations of the effect of 

individual sulfonylureas, tolbutamide served as the reference. 

 

We assessed the assumption of proportional hazards in the Cox regression model using  

log(-log(survival)) plots as well as goodness-of-fit testing on the basis of Schoenfeld residuals. 

Differences in clinical outcome between the different combination types were assessed by 

likelihood ratio tests in studies II and III. In study IV, differences in clinical outcome between 

different combination types and between individual sulfonylureas were assessed using the Wald 

test.  

 

3.5.3 “Dose-response” analysis (Study III) 

In study III, we examined the association between the number of filled prescriptions (as a measure 

of exposure levels) and clinical outcome. Patients with the lowest level of exposure served as the 

reference group. Using Wald tests, we examined whether the association between numbers of filled 

prescriptions and the outcome followed a linear trend. 

 

3.5.4 Subanalyses (Studies I, II, III) 

To examine the effect of the intensity of glycaemic control, we further added HbA1c (studies I, II, 

and III) and blood glucose (studies II and III) values into the regression analysis in a subanalysis 

among patients from North Jutland and Aarhus counties. In study II and III, we also evaluated if the 

treatment groups differed in the extent of myocardial infarction by assessing troponin T and CK-

MB levels using the Kruskal-Wallis test. 

 

3.5.5 Multiple imputation (Study IV) 

The prevalence of patients with missing data on some of the prognostic factors range between 4.9% 

and 48.0% for some of the variables considered in study IV. Because exclusion of all patients with 

missing data would have reduced the sample size substantially and potentially also introduced a 

selection bias, we used multiple imputation to estimate the missing values by creating different data 
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sets and combining results obtained from each of them. However, for comparison, we also 

performed a complete subject analysis based only on patients with a complete data set. 

Multiple imputation was used to impute missing values for Scandinavian Stroke Scale score, 

smoking habits, alcohol intake, BMI, marital status, and educational level. We generated five 

imputed data sets, and the HRs were then averaged across the five imputations, correcting for 

between- and within-imputation variation.107-109 In addition to all measured covariates, we included 

the event indicator and the Nelson-Aalen estimator of the cumulative hazard to the survival time in 

the imputation model.110  

 

4. RESULTS 
The main results of the four studies are summarized below. 

 

4.1 Study I  
We identified a total of 10,616 cases with myocardial infarction and 90,697 population controls 

among patients with type 2 diabetes mellitus. Among cases, 7,134 (67.2%) had filled a prescription 

for an antidiabetic drug within 90 days prior to admission for myocardial infarction. In comparison, 

53,821 (59.3%) controls had filled a prescription. 

 

4.1.1 Antidiabetic treatments and risk of hospitalization with myocardial infarction 

Table 4 shows the crude and adjusted ORs for myocardial infarction according to use of antidiabetic 

drugs. After adjustment for possible confounding factors, use of metformin and insulin were 

associated with a lower risk of myocardial infarction compared with use of sulfonylureas with 

adjusted ORs of 0.86 (95% CI: 0.78-0.95) and 0.92 (95% CI: 0.86-0.99), respectively. The lowest 

risk of myocardial infarction was found among patients not receiving any antidiabetic 

pharmacotherapy (adjusted OR 0.75; 95% CI: 0.71-0.79). Users of any combination of antidiabetic 

drugs had a risk of myocardial infarction similar to that of users of sulfonylureas (adjusted OR 0.99; 

95% CI: 0.92-1.06), with no differences between the various types of combinations (p=0.11).  

 

4.1.2 Individual sulfonylureas and risk of hospitalization with myocardial infarction 

We found no differences in the risk of myocardial infarction between the individual sulfonylureas 

(p=0.39). Thus, compared with tolbutamide, the adjusted ORs for use of glibenclamide, glipizide, 

gliclazide, or glimepiride were 1.01 (95% CI: 0.90-1.14), 0.94 (95% CI: 0.82-1.08), 0.89 (95% CI: 
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0.74-1.07) and 1.02 (95% CI: 0.90-1.16), respectively. Table 5 shows crude and adjusted ORs for 

myocardial infarction according to the different sulfonylureas compared with users of metformin. 

All sulfonylureas carried a slightly increased risk of myocardial infarction compared with 

metformin, but not all reached statistical significance.   

 

 

Table 4. Crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for hospitalization with 

myocardial infarction according to prescription for antidiabetic drugs filled within 90 days before 

hospitalization or index date compared with patients who filled prescriptions for sulfonylureas 

 

Antidiabetic medication 

Cases  

(N=10,616) 

Controls  

(N=90,697) 

Crude OR  

(95% CI) 

Adjusted ORa  

(95% CI) 

Sulfonylureas  3,080 (29.0) 23,698 (26.1) 1.00 (reference) 1.00 (reference) 

Metformin  599 (5.6) 5,328 (5.8) 0.86 (0.79-0.95) 0.86 (0.78-0.95) 

Insulin  1,972 (18.6) 13,853 (15.3) 1.09 (1.03-1.16) 0.92 (0.86-0.99) 

Any combination 1,483 (14.0) 10,942 (12.1) 1.04 (0.98-1.11) 0.99 (0.92-1.06) 

No pharmacotherapy 3,482 (32.8) 36,876 (40.7) 0.72 (0.69-0.76) 0.75 (0.71-0.79) 
a Adjusted for discharge diagnoses of hypertension, bronchitis and emphysema, alcohol-related diseases, 

liver cirrhosis, retinopathy, nephropathy, neuropathy, stroke and peripheral arterial disease, prescriptions for 

antihypertensive drugs, statins, other lipid-lowering drugs, high-dose aspirin, platelet inhibitors, oral 

anticoagulants, HRT, nitrates, and previous use of other types of antidiabetic drugs before the hospitalization 

or index date, and for duration of diabetes mellitus, marital status, education, income, and employment 

status. 
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Table 5. Crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for hospitalization with 

myocardial infarction according to prescription for different sulfonylureas filled within 90 days before 

hospitalization or index date compared with patients who filled prescriptions for metformin 

Antidiabetic 

medication 

Cases  

(N=3,679) 

Controls  

(N=29,026) 

Crude OR  

(95% CI) 

Adjusted ORa  

(95% CI) 

Metformin  599 (5.6) 5,328 (5.8) 1.00 (reference) 1.00 (reference) 

Tolbutamide 461 (15.0) 3,585 (15.1) 1.15 (1.01-1.31) 1.16 (1.02-1.33) 

Glibenclamide 1,013 (32.9) 7,721 (32.6) 1.17 (1.05-1.30) 1.18 (1.05-1.32) 

Glipizide 496 (16.1) 4,077 (17.2) 1.09 (0.96-1.24) 1.10 (0.96-1.25) 

Gliclazide 188 (6.1) 1,635 (6.9) 1.02 (0.86-1.22) 1.04 (0.87-1.24) 

Glimepiride 922 (29.9) 6,680 (28.2) 1.22 (1.09-1.36) 1.19 (1.06-1.33) 
a Adjusted for discharge diagnoses of hypertension, bronchitis and emphysema, alcohol-related diseases, 

liver cirrhosis, retinopathy, nephropathy, neuropathy, stroke and peripheral arterial disease, prescriptions for 

antihypertensive drugs, statins, other lipid-lowering drugs, high-dose aspirin, platelet inhibitors, oral 

anticoagulants, HRT, nitrates, and previous use of other types of antidiabetic drugs before the hospitalization 

or index date, and for duration of diabetes mellitus, marital status, education, income, and employment 

status. 

 

4.1.3 Subanalysis including biochemical data 

Data on HbA1c were available on 886 cases and 1,397 controls from North Jutland and Aarhus 

counties. We examined the effect of the intensity of the glycaemic control among this subset of 

patients, although with a much weaker statistical precision. The HbA1c level had only minor effects 

on the risk estimates, i.e., further adjustment for the parameter changed the estimates by only 2.2%-

6.5%.  

 

4.1.4 180-day exposure window 

All results were virtually unchanged when estimating the ORs based on drug use within 180 days 

prior to myocardial infarction or index date. Thus, compared with sulfonylureas, the adjusted ORs 

were 0.86 (95% CI: 0.78-0.95), 0.91 (95% CI: 0.85-0.98), 1.00 (95% CI: 0.94-1.07), and 0.75 (95% 

CI: 0.71-0.79), respectively, for use of metformin, insulin, any combination and no antidiabetic 

pharmacotherapy. 
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4.2 Study II 
We identified 8,494 patients with type 2 diabetes mellitus hospitalized with a first-time myocardial 

infarction during the study period. This number was lower than in study I because of the inclusion 

of data from the National Health Service Registry in study I. Among the patients with type 2 

diabetes mellitus and myocardial infarction, a total of 2,691 were treated with sulfonylureas, 511 

with metformin, 1,827 with insulin, 1,333 with any combination of antidiabetic drugs, and 2,132 

received no antidiabetic pharmacotherapy at the time of admission. 
 

4.2.1 Antidiabetic treatments and mortality after hospitalization with myocardial infarction 

Figure 4 shows the cumulative mortality curves for the different treatment groups. The overall 

cumulative 30-day and 1-year mortality rates were 22.2% and 36.6%, respectively. 
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Figure 4. Kaplan-Meier curves of 1-year all-cause mortality after hospitalization with myocardial infarction 
(MI) according to use of antidiabetic treatments within 90 days prior to the hospitalization. 
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Table 6 shows the crude and adjusted HRs according to the use of antidiabetic drugs. After 

adjustment for differences in covariates, we found no differences between the antidiabetic 

treatments in monotherapy, i.e., the 30-day adjusted HRs for the use of metformin and insulin were 

0.85 (95% CI: 0.40-1.81) and 1.05 (95% CI: 0.63-1.76), but the use of any combination was 

associated with an increased risk of mortality compared with use of sulfonylureas (adjusted 30-day 

HR 1.43; 95% CI: 0.98-2.09). The highest risk estimate was found among users of the triple 

combination with sulfonylurea, metformin, and insulin (adjusted 30-day HR 1.79; 95% CI: 0.65-

4.95), but we found no differences in mortality when comparing use of the different types of 

combinations (p=0.33). When estimating the 1-year HRs, we found similar results (Table 6). 

 
Table 6. Crude and adjusted 30-day and 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for 

death after first-time hospitalization with myocardial infarction according to use of antidiabetic treatment 

within 90 days prior to the hospitalization 

a Adjusted for age, sex, calendar period, duration of diabetes mellitus, former use of other types of 

antidiabetic drugs, level of comorbidity (measured by the Charlson index), socioeconomic status, discharge 

diagnosis of hypertension, former and subsequent revascularization, alcoholism, retinopathy, neuropathy, 

and prescriptions for platelet inhibitors, vitamin K antagonists, lipid-lowering agents, HRT before the date of 

hospitalization with myocardial infarction, and time-dependent treatment with antidiabetic drugs, 

cardiovascular drugs, and HRT after the date of hospitalization with myocardial infarction.   

 

 30-day mortality 1-year mortality 

Antidiabetic 

treatment 

Crude HR  

(95% CI) 

Adjusted HRa  

(95% CI) 

Crude HR  

(95% CI) 

Adjusted HRa 

(95% CI) 

Sulfonylureas (SU)  1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Metformin (MET) 0.55 (0.43-0.71) 0.85 (0.40-1.81) 0.58 (0.47-0.72) 0.96 (0.71-1.31) 

Insulin 1.10 (0.97-1.24) 1.05 (0.63-1.76) 1.16 (1.05-1.29) 1.13 (0.91-1.40) 

Any combination 0.85 (0.73-0.98) 1.43 (0.98-2.09) 0.89 (0.79-1.01) 1.43 (1.18-1.73) 

   SU+MET   0.86 (0.73-1.01) 1.30 (0.69-2.45) 0.89 (0.78-1.01) 1.35 (1.09-1.68) 

   SU+insulin 1.13 (0.79-1.61) 1.47 (0.87-2.50) 1.31 (0.98-1.75) 1.65 (1.18-2.29) 

   MET+insulin 0.52 (0.32-0.83) 1.03 (0.40-2.65) 0.58 (0.38-0.87) 1.06 (0.64-1.73) 

   SU+MET+insulin 0.87 (0.44-1.75) 1.79 (0.65-4.95) 0.84 (0.46-1.51) 1.80 (0.95-3.45) 

No pharmacotherapy 0.99 (0.88-1.11) 0.79 (0.57-1.10) 1.08 (0.98-1.19) 0.85 (0.72-1.00) 
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4.2.2 Antidiabetic treatments and readmissions after hospitalization with myocardial infarction 

Within one year of follow-up, 8.4% and 9.6% of patients were readmitted with a new myocardial 

infarction and heart failure, respectively. We found no substantial differences in the risks of new 

myocardial infarction or heart failure between users of the different antidiabetic treatments (Table 

7), nor were there any differences in risk of new myocardial infarction (p=0.75) or heart failure 

(p=0.28) among users of the different types of combinations. 

 

 

Table 7. Crude and adjusted 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for new 

myocardial infarction and heart failure after first-time hospitalisation with myocardial infarction according to 

use of antidiabetic treatment within 90 days prior to the hospitalisation 

a Adjusted for age, sex, calendar period, duration of diabetes mellitus, former use of other types of 

antidiabetic drugs, level of co-morbidity (measured by the Charlson index), socioeconomic status, 

discharge diagnosis of hypertension, former and subsequent revascularization, alcoholism, retinopathy, 

neuropathy, and prescriptions for platelet inhibitors, vitamin K antagonists, lipid-lowering agents, HRT 

before the date of hospitalization with myocardial infarction, and time-dependent treatment with 

antidiabetic drugs, cardiovascular drugs, and HRT after the date of hospitalization with myocardial 

infarction.   

 

 

 Myocardial infarction Heart failure 

Antidiabetic 

treatment 

Crude HR  

(95% CI) 

Adjusted HRa  

(95% CI) 

Crude HR  

(95% CI) 

Adjusted HRa 

(95% CI) 

Sulfonylureas (SU)  1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Metformin (MET) 0.84 (0.57-1.23) 1.21 (0.77-1.92) 0.77 (0.54-1.11) 0.81 (0.51-1.29) 

Insulin 1.30 (1.05-1.60) 1.30 (0.91-1.86) 1.19 (0.98-1.45) 0.99 (0.70-1.40) 

Any combination 1.11 (0.87-1.41) 1.33 (0.97-1.81) 0.97 (0.77-1.23) 0.89 (0.65-1.22) 

   SU+MET   1.04 (0.79-1.36) 1.24 (0.88-1.74) 0.92 (0.71-1.18) 0.82 (0.58-1.16) 

   SU+insulin 1.83 (1.06-3.14) 1.78 (0.98-3.22) 1.53 (0.89-2.62) 1.28 (0.71-2.32) 

   MET+insulin 1.06 (0.56-2.01) 1.40 (0.67-2.93) 1.19 (0.68-2.08) 0.90 (0.45-1.79) 

   SU+MET+insulin 1.01 (0.32-3.15) 1.32 (0.41-4.32) 0.28 (0.04-1.99) 0.27 (0.04-2.00) 

No pharmacotherapy 0.96 (0.77-1.20) 0.93 (0.71-1.23) 0.95 (0.78-1.16) 0.91 (0.69-1.18) 
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4.2.3 Subanalysis including biochemical data 

In the North Jutland and Aarhus counties subcohort, data on biochemical parameters were available 

for 1,027 patients with myocardial infarction. We examined the effect of the intensity of the 

glycaemic control among this subset of patients, although with a much weaker statistical precision. 

The HbA1c and admission blood glucose levels had only minor effects on the risk estimates, i.e., 

further adjustment for these parameters changed the estimates only 1.0-6.1%. Thus, compared to 

use of sulfonylureas, the adjusted HR of 30-day mortality was 1.90 (95% CI: 0.68-5.32) for use of 

any combination, and after further adjustment for HbA1c and blood glucose, the adjusted HR of 30-

day mortality was 1.83 (95% CI: 0.65-5.13). A similar pattern was found when estimating the 1-

year HRs. 

 

We found significant differences in levels of CK-MB (p=0.0001) and troponin T (p=0.0001) among 

users of different antidiabetic treatments. The highest levels were found among users of 

sulfonylureas and insulin, probably reflecting a larger infarct size in these patients. 

 

4.2.4 180-day exposure window 

All results were virtually unchanged when estimating the HRs based on drug use within 180 days 

prior to myocardial infarction. 

 

4.3 Study III 
We identified 72,295 patients with myocardial infarction during the study period, of which 4,005 

(5.4%) had filled prescriptions for sulfonylureas within 90 days before hospitalization. We excluded 

75 patients who had received prescriptions for more than one sulfonylurea drug within 90 days prior 

to hospitalization. Of the remaining 3,930 patients, 514 (13.1%) were treated with tolbutamide, 

1,329 (33.8%) with glibenclamide, 672 (17.1%) with glipizide, 1,160 (29.5) with glimepiride, and 

255 (6.5%) with gliclazide. 

 

4.3.1 Sulfonylureas and mortality after hospitalization with myocardial infarction 

Figure 5 shows the cumulative mortality curves for users of the different sulfonylureas. The overall 

cumulative 30-day and 1-year mortality rates were 22.0% and 35.3%, respectively. 
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Figure 5. Kaplan-Meier curves of 1-year all-cause mortality after hospitalization with myocardial infarction 
(MI) according to use of different sulfonylureas within 90 days prior to the hospitalization. 
 
 

Table 8 shows the 30-day and 1-year HRs among users of the different sulfonylureas compared 

with users of tolbutamide. After adjustment for differences in covariates, the HRs shifted towards 

unity, and there were no major differences between the sulfonylureas.  

 

4.3.2 Sulfonylureas and readmissions after hospitalization with myocardial infarction 

Within one year of follow-up, 285 (8.3%) of the patients were readmitted with a new myocardial 

infarction, and 329 (9.5%) were readmitted because of heart failure. No clear differences in the risk 

of new myocardial infarction or heart failure were found among the individual sulfonylureas (Table 

9).  
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Table 8. Crude and adjusted 30-day and 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for 

death after first-time hospitalization with myocardial infarction according to use of sulfonylureas within 90 

days prior to hospitalization 

30-day mortality 1-year mortality 

Crude HR Adjusted HRa Crude HR Adjusted HRa 

 

 

Antidiabetic 

treatment 
(95% CI) (95% CI) (95% CI) (95% CI) 

Tolbutamide (all) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Glibenclamide (all) 0.88 (0.72-1.08) 0.98 (0.80-1.20) 0.87 (0.73-1.02) 0.97 (0.82-1.16) 

Glipizide (all) 0.83 (0.66-1.05) 0.94 (0.74-1.19) 0.88 (0.72-1.06) 0.99 (0.82-1.20) 

Glimepiride (all) 0.63 (0.50-0.78) 0.90 (0.71-1.14) 0.67 (0.56-0.81) 0.87 (0.71-1.06) 

Gliclazide (all) 0.65 (0.46-0.91) 0.84 (0.60-1.18) 0.65 (0.49-0.87) 0.79 (0.59-1.05) 

         

Tolbutamide (mono) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Glibenclamide (mono) 0.92 (0.73-1.17) 1.03 (0.81-1.31) 0.88 (0.73-1.07) 0.99 (0.81-1.20) 

Glipizide (mono) 0.99 (0.75-1.29) 1.08 (0.83-1.42) 0.98 (0.78-1.22) 1.07 (0.85-1.34) 

Glimepiride (mono) 0.69 (0.53-0.88) 0.98 (0.74-1.29) 0.72 (0.59-0.90) 0.92 (0.73-1.16) 

Gliclazide (mono) 0.74 (0.50-1.10) 0.97 (0.65-1.44) 0.59 (0.41-0.85) 0.70 (0.48-1.00) 
a Adjusted for age, sex, calendar period, duration of diabetes mellitus, level of co-morbidity (measured by 

the Charlson index), socioeconomic status, discharge diagnosis of hypertension, former and subsequent 

revascularization, alcoholism, retinopathy, neuropathy, and prescriptions for platelet inhibitors, vitamin K 

antagonists, lipid-lowering agents, HRT before the date of hospitalization for myocardial infarction, and 

time-dependent cardiovascular treatment and HRT after the date of hospitalization for myocardial 

infarction. For the analyses with sulfonylureas in combination therapy, there is also adjustment for the 

type of combination therapy (i.e., metformin, insulin and/or other oral antidiabetic drugs). 
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Table 9. Crude and adjusted 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for new 

myocardial infarction and heart failure after first-time hospitalization with myocardial infarction according to 

use of sulfonylureas within 90 days prior to hospitalization 

Myocardial infarction Heart failure 

Crude HR Adjusted HRa Crude HR Adjusted HRa 

 

 

Antidiabetic 

treatment 
(95% CI) (95% CI) (95% CI) (95% CI) 

Tolbutamide (all) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Glibenclamide (all) 1.20 (0.82-1.77) 1.32 (0.89-1.95) 0.86 (0.61-1.22) 0.88 (0.62-1.25) 

Glipizide (all) 1.01 (0.65-1.57) 1.07 (0.68-1.68) 0.81 (0.55-1.21) 0.87 (0.58-1.30) 

Glimepiride (all) 0.95 (0.63-1.44) 1.00 (0.65-1.54) 0.93 (0.65-1.32) 0.94 (0.65-1.37) 

Gliclazide (all) 1.19 (0.69-2.04) 1.26 (0.72-2.19) 1.13 (0.70-1.81) 1.12 (0.69-1.82) 

         

Tolbutamide (mono) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Glibenclamide (mono) 1.11 (0.72-1.70) 1.25 (0.81-1.95) 0.95 (0.64-1.43) 1.00 (0.66-1.51) 

Glipizide (mono) 0.84 (0.50-1.43) 0.94 (0.55-1.61) 0.87 (0.54-1.41) 0.94 (0.58-1.53) 

Glimepiride (mono) 0.89 (0.56-1.41) 0.93 (0.55-1.54) 1.06 (0.70-1.61) 1.20 (0.77-1.88) 

Gliclazide (mono) 1.07 (0.55-2.05) 1.07 (0.55-2.08) 1.10 (0.61-2.00) 1.10 (0.60-2.01) 
a Adjusted for age, sex, calendar period, duration of diabetes mellitus, former use of antidiabetic 

treatment, level of co-morbidity (measured by the Charlson index), socioeconomic status, discharge 

diagnosis of hypertension, former and subsequent revascularization, alcoholism, retinopathy, neuropathy, 

and prescriptions for platelet inhibitors, vitamin K antagonists, lipid-lowering agents, HRT before the 

date of hospitalization for myocardial infarction, and time-dependent cardiovascular treatment and HRT 

after the date of hospitalization for myocardial infarction. For the analyses with sulfonylureas in 

combination therapy, there is also adjustment for the type of combination therapy (i.e., metformin, insulin 

and/or other oral antidiabetic drugs). 

 

4.3.3 Dose-response effect of the sulfonylureas 

Except for users of gliclazide, the number of filled sulfonylurea prescriptions per patient was not 

associated with mortality. For users of gliclazide, a decreased mortality was observed with 

increasing numbers of filled prescriptions; the adjusted 30-day HRs were 0.52 (95% CI: 0.25-1.10) 

among patients who had filled 8-20 gliclazide prescriptions and 0.28 (95% CI: 0.12-0.68) among 

those with more than 20 filled gliclazide prescriptions, as compared to patients who had filled only 
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1-7 gliclazide prescriptions (p=0.004). The number of filled sulfonylurea prescriptions did not 

appear to influence the risk of developing either new myocardial infarction or heart failure. 

 

4.3.4 Subanalysis including biochemical parameters 

Data on HbA1c and glucose levels were available for 456 patients in the North Jutland and Aarhus 

counties subcohort. Among this subset of patients, we found no substantial differences in clinical 

outcome between the use of different sulfonylureas, and further adjustment for HbA1c and blood 

glucose levels yielded similar results for all sulfonylureas. 

 

There were also no significant differences in the levels of CK-MB (p=0.98) or troponin T (p=0.98) 

among patients with myocardial infarction treated with different sulfonylureas, suggesting that the 

type of sulfonylurea did not affect infarct size. 

 

4.3.5 180-day exposure window 

Results were similar when estimating the HRs based on sulfonylurea use 180 days before 

myocardial infarction. 

 

4.4 Study IV 
We identified 41,398 patients hospitalized with a first-time stroke during the study period. Data for 

a total of 4,816 patients with type 2 diabetes mellitus and ischemic stroke were available for 

analysis. Of these patients, 27.1% did not receive pharmacotherapy, and 22.6% were treated with 

sulfonylureas, 11.7% with metformin, 18.3% with insulin, and 20.3% with a combination.  

 

4.4.1 Antidiabetic treatment and mortality after ischemic stroke 

Figure 6 shows the Kaplan-Meier mortality curves for the different treatment groups. The overall 

cumulative 30-day and 1-year mortality rates were 11.2% and 25.7%, respectively. 
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Figure 6. Kaplan-Meier curves of 1-year all-cause mortality after hospitalization with ischemic stroke according 
to use of antidiabetic treatments within 90 days prior to the hospitalization. 
 

Table 10 shows the crude and adjusted HRs according to antidiabetic treatments. After adjustment 

for differences in covariates, we found lower 30-day mortality rates among users of the antidiabetic 

treatments in monotherapy and among patients not treated with antidiabetic pharmacotherapy, i.e., 

the adjusted HRs for the use of metformin, insulin, and no antidiabetic pharmacotherapy were 0.32 

(95% CI: 0.15-0.67), 0.50 (95% CI: 0.29-0.84), and 0.57 (95% CI: 0.36-0.91) compared with users 

of sulfonylureas. The use of any combination was also associated with a decreased risk of mortality 

compared with use of sulfonylureas (adjusted 30-day HR 0.63; 95% CI: 0.33-1.20), but this 

association did not reach statistical significance. When estimating the 1-year HRs, we found no 

significant differences among the antidiabetic treatments (Table 10). We also found no differences 

in mortality when comparing use of the different types of combinations (30-day mortality: p=0.16; 

1-year mortality: p=0.87) or individual sulfonylureas (30-day mortality: 0.98; 1-year mortality: 

p=0.89).  
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Table 10. Crude and adjusted 30-day and 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for 

death after first-time hospitalization with ischemic stroke according to use of antidiabetic treatment within 90 

days prior to the hospitalization 
30-day mortality 1-year mortality 

Crude HR Adjusted HRa Crude HR Adjusted HRa 

 

 

Antidiabetic 

treatment 
(95% CI) (95% CI) (95% CI) (95% CI) 

Sulfonylureas 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

Metformin 0.50 (0.35-0.71) 0.32 (0.15-0.67) 0.60 (0.48-0.76) 0.89 (0.64-1.25) 

Insulin 0.84 (0.65-1.08) 0.50 (0.29-0.84) 0.89 (0.75-1.05) 0.92 (0.69-1.22) 

Any combination 0.63 (0.48-0.82) 0.63 (0.33-1.20) 0.61 (0.51-0.74) 1.03 (0.78-1.35) 

No pharmacotherapy  0.92 (0.73-1.14) 0.57 (0.36-0.91) 0.96 (0.83-1.12) 0.82 (0.66-1.03) 
a Adjusted for age, sex, duration of diabetes mellitus, former use of antidiabetic treatment, level of co-

morbidity (measured by the Charlson index), discharge diagnosis of hypertension, former 

revascularization, retinopathy, neuropathy, and prescriptions for platelet inhibitors, vitamin K antagonists, 

statins, other lipid-lowering agents, HRT before the date of hospitalization for ischemic stroke, 

Scandinavian Stroke Scale score, fulfilled specific quality-of-care criteria, smoking habits, alcohol intake, 

BMI, marital status, gross income, educational level, employment status, and time-dependent antidiabetic 

treatment, cardiovascular treatment, and HRT after the date of hospitalization for ischemic stroke.   

 

4.4.2 Antidiabetic treatment and readmissions after ischemic stroke 

Within one year of follow-up, 331 (9.0%) of the patients were readmitted with a recurrent stroke or 

myocardial infarction. We found an increased risk of recurrent stroke or myocardial infarction in 

users of any antidiabetic treatments compared with users of sulfonylureas; however, this increase 

reached statistical significance only in patients not treated with antidiabetic pharmacotherapy (Table 

11). We found no differences in risk of recurrent stroke or myocardial infarction among users of the 

different types of combination (p=0.54) or among users of different sulfonylureas (p=0.47). 
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Table 11. Crude and adjusted 1-year hazard ratios (HRs) with 95% confidence intervals (CIs) for recurrent 

ischemic stroke or myocardial infarction after first-time hospitalization with ischemic stroke according to the 

use of antidiabetic treatment within 90 days prior to the hospitalization 

Myocardial infarction or ischemic stroke 

Crude HR Adjusted HRa 

 

 

Antidiabetic treatment (95% CI) (95% CI) 

Sulfonylureas 1.00 (reference) 1.00 (reference) 

Metformin 1.30 (0.85-1.98) 1.40 (0.79-2.48) 

Insulin 1.73 (1.22-2.47) 1.61 (0.96-2.69) 

Any combination 1.56 (1.09-2.22) 1.46 (0.91-2.32) 

No pharmacotherapy  1.50 (1.07-2.11) 1.58 (1.04-2.42) 
a Adjusted for age, sex, duration of diabetes mellitus, former use of antidiabetic treatment, level of 

comorbidity (measured by the Charlson index), discharge diagnosis of hypertension, former 

revascularization, retinopathy, neuropathy, and prescriptions for platelet inhibitors, vitamin K antagonists, 

statins, other lipid-lowering agents, HRT before the date of hospitalization for ischemic stroke, Scandinavian 

Stroke Scale score, fulfilled specific quality-of-care criteria, smoking habits, alcohol intake, BMI, marital 

status, gross income, educational level, employment status, and time-dependent antidiabetic treatment, 

cardiovascular treatment and HRT after the date of hospitalization for ischemic stroke.   

 

4.4.3 Complete subject analysis 

Data were complete for only 1.508 (31.3%) of the patients. When estimating the mortality, we 

found similar results, although with a much lower statistical precision, i.e., the adjusted 30-day HRs 

for the use of metformin, insulin, any combination, and no antidiabetic pharmacotherapy were 0.27 

(95% CI: 0.04-1.90), 0.43 (95% CI: 0.09-2.06), 3.64 (95% CI: 0.70-18.93) and 0.34 (95% CI: 0.07-

1.59), respectively, compared with users of sulfonylureas. The adjusted 1-year HRs for the use of 

metformin, insulin, any combination, and no antidiabetic pharmacotherapy were 0.83 (95% CI: 

0.41-1.65), 0.80 (95% CI: 0.42-1.49), 1.55 (95% CI: 0.86-2.77) and 0.62 (95% CI: 0.37-1.03), 

respectively, compared with users of sulfonylureas. For estimates of the risk of readmission, the 

adjusted HRs for the use of metformin, insulin, any combination, and no antidiabetic 

pharmacotherapy were 0.70 (95% CI: 0.24-2.00), 2.00 (95% CI: 0.82-4.88), 1.82 (95% CI: 0.79-

4.20) and 1.41 (95% CI: 0.66-3.04), respectively, compared with users of sulfonylureas. 
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4.4.4 180-days exposure window 

When estimating the HRs based on drug use 180 days before ischemic stroke, we found similar 

patterns, although only one reached statistical significance. 

 

5. DISCUSSION 
5.1 Methodological considerations 
Before deciding whether an association is causal, it is necessary to consider whether the association 

may be an artifact arising from bias or random variation. The association also might be indirect 

through another (confounding) factor. Thus, in assessing the validity of findings from observational 

studies, the possibility of alternative explanations must be considered, including bias (selection and 

measurement/information), confounding, and chance.13 Figure 7 outlines these alternative 

explanations. 

 

 
Figure 7. Association and cause. From Clinical Epidemiology - The Essentials.13 
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5.1.1 Selection bias 

Selection bias occurs when the association between exposure and outcome differs between 

participants and non-participants in the study. It may occur both when identifying the patients to be 

included in the studies and during the follow-up period. All studies in this thesis used nationwide 

population-based registries that enabled valid identification of the study population independently 

of the study hypothesis. Study I was therefore in principle based on all patients with type 2 diabetes 

mellitus, while studies II, III and IV were based on all patients hospitalized with myocardial 

infarction or ischemic stroke, respectively.  

 

The combined use of the Danish registries to identify patients with diabetes mellitus has proven to 

yield high-quality and almost complete data sets,97-99 but it is still possible that we missed some 

patients with type 2 diabetes mellitus. However, the potential patients with type 2 diabetes mellitus 

not included in our studies were most likely never hospitalized with or treated for their diabetes 

mellitus, and would thus all have been part of the group with no antidiabetic pharmacotherapy.  

Lack of information on non-hospitalized patients with myocardial infarction (or stroke), including 

patients who died before reaching the hospital, might also introduce selection bias, if users of a 

particular antidiabetic treatment were more likely to die before reaching the hospital. 

 

Loss to follow-up may also be a potentially important source of selection bias. Selection bias occurs 

when the loss to follow-up is related to both the risk of exposure and the outcome. Because we used 

the almost-complete population-based registries (the Danish Civil Registration system, the Danish 

National Patient Registry, and the DNIP stroke database) to ascertain data on the outcomes, we had 

virtually complete follow-up. 

 

In the subanalyses in North Jutland and Aarhus counties, we included only patients with complete 

laboratory data, thus possibly introducing selection bias if the outcome among patients with 

different antidiabetic treatments without complete laboratory data differed from those with 

complete laboratory data. However, as the subanalyses (without adjustment for laboratory data) 

showed results similar to the main analyses, this bias does not appear to have been introduced. 
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5.1.2 Information bias 

Information bias may occur when there is systematic error in the measurement of exposure, 

outcome, or confounding factors. The measurement error is often referred to as misclassification for 

categorical variables. Misclassification can either be non-differential with the measurement error 

evenly distributed between comparison groups, or differential with an uneven distribution of the 

error among the comparison groups. Only differential misclassifications lead to systematic error 

resulting in an over- or underestimation of the true association. Non-differential misclassification of 

a dichotomous exposure will most likely bias the association toward null. When more than two 

groups are compared, non-differential misclassification may lead to either an over- or 

underestimation of the association, depending on the categories into which the patients are 

misclassified. 

 

In studies II, III, and IV, one of the outcomes was death. Information bias from errors in this 

outcome is unlikely because the deaths were recorded completely and independently of the 

antidiabetic treatment by the Danish Civil Registration System. Similarly, information bias from 

errors in the secondary outcomes is unlikely because of the almost-complete population-based 

registries used to identify the readmissions. The validity of the hospital discharge diagnoses used to 

identify readmissions with myocardial infarction was high,111 and extensive efforts were made to 

ensure the validity of DNIP stroke data.94 Readmissions with heart failure might be misclassified 

because some of these patients might have been patients with chronic obstructive pulmonary 

disease exacerbation misdiagnosed as heart failure. However, any misclassifications were unlikely 

to be related to antidiabetic treatment. 

 

Because we used the filling of a prescription as a proxy for compliance, we may have overestimated 

actual exposure. However, these patients receive medication for their lifetime, so it seems 

reasonable to assume that the compliance was high. 

 

We used a 90-day time window to define exposure of antidiabetic treatment. This duration could 

potentially have lead to misclassification because some antidiabetic prescriptions may extend up to 

6 months. However, using a 180-day time window had virtually no influence on our risk estimates.  

Recall bias hampers many case-control studies. We avoided any potential difficulties with this type 

of bias by using the medical and administrative databases with prospectively collected data.  
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5.1.3 Confounding 

We were able to adjust for a range of potential confounding factors related to both type 2 diabetes 

mellitus and myocardial infarction (or stroke). Nevertheless, our estimates may still be affected by 

residual confounding arising from either misclassification or use of crude categories for some of the 

included covariates. In our studies, we might have misclassified the duration of diabetes mellitus 

because the definition was based on different registry data with different time frames, i.e., the 

Danish National Patient Registry since 1977, and the Registry of Medicinal Product Statistics since 

1995 (and the National Health Insurance Service Registry since 1990 in study I). The defined 

duration may thus not be entirely correct because some patients might have been defined as having 

had a longer duration of diabetes mellitus if the data on prescriptions (and diabetes-related service 

in study I) also had been available since 1977. The misclassification and use of crude categories for 

both the duration of diabetes mellitus and Charlson’s comorbidity index might have led to imperfect 

adjustment. The estimates may also have been affected by unmeasured factors such as diet and 

exercise or unknown confounding factors. 

 

It could be argued that not all covariates included in our studies could be considered true 

confounding factors but rather intermediate steps in the association between use of a specific 

antidiabetic drug and outcome (e.g., HbA1c). Thus, we may in theory have underestimated the real 

effect by adjusting for these covariates; however, in reality, neither measures of intensity of 

glycaemic control, duration of diabetes mellitus, nor other possible “intermediate step covariates” 

had any substantial impact on the adjusted risk estimates. 

 

Because certain antidiabetic drugs are used as second- or third-line therapies and therefore are 

prescribed in a more advanced or uncontrolled stage of the disease, patients treated with these drugs 

are at higher cardiovascular risk regardless of treatment. This confounding by indication (or 

prescription bias) may thus lead to a distorted estimate of the association between the use of a drug 

and cardiovascular outcome because the given drug(s) preferentially is/are prescribed to patients 

who have, a priori, a higher or lower cardiovascular risk. However, we made extensive efforts in all 

our studies to account for possible confounding, including duration and severity of the disease, but 

we cannot entirely exclude the possibility of confounding by indication. 
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5.1.4 Precision 

The precision in all studies was reflected by the width of the 95% confidence interval. The large 

population-based studies resulted in a high statistical precision in all main analyses. However, the 

statistical precision was low when estimating the associations in the subanalyses, and some caution 

is therefore required when interpreting the findings from these subanalyses because they were more 

sensitive to chance. 

 

5.2 Comparison with the existing literature 
5.2.1 Study I 

Our finding of a slightly increased risk of myocardial infarction among users of sulfonylureas is in 

agreement with several other studies showing an increased risk both in comparison with diet,38,39 

and metformin.48,49 We found a similar risk of hospitalization with myocardial infarction in patients 

treated with any combination and patients treated with sulfonylureas alone, which is also in 

agreement with other studies finding that the combination of metformin and sulfonylurea was not 

associated with lower risk compared with sulfonylurea alone.41,47,49  

 

Our results do not, however, agree with those of the randomized trials (UKPDS and ADOPT) 

finding no differences between users of sulfonylureas and diet,40,41 sulfonylureas and insulin,40 or 

sulfonylureas and metformin.44 In fact, these authors even reported a decreased risk of myocardial 

infarction among users of sulfonylureas compared with diet.42 The trials differed from our study 

population by including only newly diagnosed patients with type 2 diabetes mellitus.  

 

We also could not confirm our previous finding of a particularly high risk of myocardial infarction 

among patients not treated with antidiabetic drugs. This lack may at least partly be explained by the 

use of the National Health Insurance Service Registry to identify patients with diabetes mellitus. In 

doing so, we might have included a not-treated population with milder diabetes mellitus than we 

would have had we identified only patients from the Danish National Patient Registry and the 

Register of Medicinal Product Statistics. Nor could we confirm our previous finding of a higher risk 

of hospitalization with myocardial infarction among users of glibenclamide, glipizide, and 

tolbutamide compared with users of glimepiride and gliclazide (p=0.01). However, the previous 

study was small (867 cases and 3,148 controls with diabetes mellitus, of which 361 cases and 1,626 

controls were treated with sulfonylureas) with less-detailed data on confounding factors.  
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5.2.2 Study II 

Several studies have examined the effect of antidiabetic treatments on clinical outcome in patients 

with myocardial infarction (and patients undergoing procedures that are often related to myocardial 

infarction, i.e., PCI and CABG) with conflicting results. A number of these studies also found 

similar mortality rates among users of antidiabetic treatments after hospitalization with myocardial 

infarction. There were no differences in mortality rates between users of sulfonylureas and 

diet,57,60,70,72,77,79,84 metformin and diet,57,60,70,71,73 users of insulin and diet,70 users of sulfonylureas 

and metformin,71-73,84 users of sulfonylureas and insulin,58-61,68,70,71,75-77,79,84 users of metformin and 

insulin,58-60,70,75,76 users of sulfonylureas and non-sulfonylureas,66,78,80 users of metformin and non-

metformin,66,83 and users of insulin and non-insulin.65,66 

 

Further, in agreement with our findings, an increased mortality rate has previously been found 

among users of combination therapy (combined use of metformin and sulfonylureas) when 

compared with patients treated with diet.73 Our results of similar risk of reinfarction among users of 

different antidiabetic drugs are also consistent with those of several other studies.62,63,65-67,74,83 

 

In contrast, some studies have implied that use of a specific antidiabetic drug is associated with an 

adverse prognosis following myocardial infarction. Users of sulfonylureas had increased mortality 

compared with diet-treated patients,58,59,73,75,76,82 users of insulin,57,82 and users of non-

sulfonylurea.74,82 Also, users of insulin had an increased mortality compared with non-insulin62-

64,67,85 and diet,70,77 and an increased risk of reinfarction compared with non-insulin.66 Finally, users 

of metformin had increased mortality compared with diet-treated patients58,59,72,75,76 and users of 

insulin.57  

 

A few studies have also implied that use of specific antidiabetic drugs is associated with a better 

outcome following myocardial infarction. Users of sulfonylureas had decreased mortality compared 

with users of non-sulfonylureas in a nationwide French follow-up study.69 Users of metformin had 

decreased mortality and risk of reinfarction compared with non-insulin-sensitizing therapy.81 
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Our own finding from a previous study of variation in 30-day mortality rates after myocardial 

infarction53 was not confirmed. However, that study was small (867 patients with diabetes mellitus) 

with few data on confounding factors, making it difficult to interpret the size of the variation. 

 

5.2.3 Study III 

Few studies have examined the outcome after hospitalization with myocardial infarction among 

users of different sulfonylureas. Consistent with our finding, an Australian cohort study on patients 

with type 2 diabetes mellitus hospitalized with myocardial infarction found similar short-term (HR 

0.7; 95% CI: 0.3-1.4) and long-term (HR 1.6; 95% CI: 0.8-3.2) mortality in users of gliclazide 

compared with glibenclamide.71 However, our results do not agree with our earlier finding of a 

significantly lower mortality among users of gliclazide and glimepiride compared with 

glibenclamide, glipizide, and tolbutamide.53 

 

5.2.4 Study IV 

The mortality rate after hospitalization with ischemic stroke among the patients with type 2 diabetes 

mellitus was comparable to findings in a smaller German study.87 Those authors, examining 146 

patients with diabetes mellitus and acute hemispheric ischemic stroke, found similar in-hospital 

mortality rates among users of sulfonylureas compared with non-sulfonylurea users (OR 1.2; 95% 

CI: 0.4-3.5).87 That study is, to our knowledge, the only other study examining mortality after 

ischemic stroke according to type of antidiabetic treatment among patients with type 2 diabetes 

mellitus. Because of the small sample size, the imprecision in the risk estimates hinder a clear 

interpretation. Our study is also, to our knowledge, the first study to examine long-term clinical 

outcome (mortality and subsequent readmission) after hospitalization with ischemic stroke 

according to antidiabetic treatment. 
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6. CONCLUSION 
Based on the results obtained and the considerations of potential bias and confounding, and chance, 

the following conclusions were made. 

 

6.1 Study I 
This study provides some support for the hypothesis that sulfonylureas in general may be associated 

with a slightly increased risk of hospitalization with myocardial infarction. 

 

6.2 Study II 
Type of preadmission antidiabetic treatment in monotherapy is not associated with substantial 

differences in clinical outcome following hospitalization with myocardial infarction. However, 

patients treated with any combination had increased mortality rates. 
 

6.3 Study III 
There are no substantial differences in mortality and risk of recurrent myocardial infarction or heart 

failure among users of different sulfonylureas with a first-time hospitalization for myocardial 

infarction. 

 

6.4 Study IV 
Sulfonylureas may be associated with increased mortality after ischemic stroke; however, the 

deleterious effect seems restricted to the acute phase following the stroke. 
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7. PERSPECTIVES 
The prevalence of type 2 diabetes mellitus is predicted to rise dramatically worldwide within the 

coming decade, threatening global health. The total number of people with diabetes mellitus, 

predominantly type 2 diabetes mellitus, is predicted to reach estimated 366 million in 2030.2   

 

Type 2 diabetes mellitus is associated with increased risk of atherosclerotic disease and a poor 

outcome. The mortality after cardiovascular disease among patients with type 2 diabetes mellitus 

remains high, despite the introduction of new therapeutic modalities that have decreased the overall 

morbidity and mortality after myocardial infarction. It is, therefore, important to further reduce the 

cardiovascular risk among patients with type 2 diabetes mellitus.  

 

The studies included in this thesis in general indicate that there were only minor or no differences in 

the cardiovascular safety profile of different antidiabetic treatments. However, the cardiovascular 

safety of the novel antidiabetic treatments not included in our study (DPP-4 inhibitors, incretin 

mimetic drugs) needs further evaluation. Recently, it has been suggested that there might be 

differences in cardiovascular risk between human insulin and insulin analogs,112 an issue not 

addressed in our studies. Future studies need to confirm this hypothesis. 

 

In addition, type 2 diabetes mellitus is associated with the development of certain types of cancer 

(breast, colon, liver, and pancreatic cancers) as well as increased cancer-related mortality. Recently, 

concerns about a possible influence of antidiabetic treatments on tumour progression have been 

raised. In particular, insulin and sulfonylureas have been linked with increased cancer risk, i.e., 

increased risk of colorectal cancer,113 pancreatic cancer,113,114 and hepatocellular carcinoma,115 

while this has not been seen with metformin.113-115 Patients with type 2 diabetes mellitus exposed to 

sulfonylureas and exogenous insulin also have shown increased cancer-related mortality compared 

with patients exposed to metformin.116 However, whether and to what extent different antidiabetic 

treatments influence cancer progression in patients with type 2 diabetes mellitus needs to be 

addressed further.  

 

The choices of treatment for type 2 diabetes mellitus are increasing, offering a wide array of drugs, 

both in monotherapy or in combination. Thus, it is extremely important that the effects of new drugs 

to treat type 2 diabetes mellitus not only are investigated for effects on glucose control and other 
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metabolic variables but also for effects on the cardiovascular system and cancer risk. Randomized 

controlled trials often are costly in time and money, and it can be difficult to follow adherent 

patients over a long period and to be sure that they receive the assigned treatment. The unique 

possibilities in Denmark for combining data from population-based registries of discharge 

diagnoses, prescriptions, and clinical and laboratory databases offer a great alternative with the 

advantage of almost ready-made large-scale population-based studies, and are often the only 

feasible source with which to examine long-term clinical outcomes, including the safety of 

antidiabetic treatments. 
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8. SUMMARY 
The prevalence of type 2 diabetes mellitus is increasing globally, and these patients are permanently 

dependent on their antidiabetic treatment. Type 2 diabetes mellitus is both a well-recognized risk 

factor and a prognostic factor for atherosclerotic diseases, and some concerns have been raised 

regarding the cardiovascular safety of some antidiabetic treatments. Several potential cardiovascular 

effects of the different antidiabetic drugs have been postulated involving their influence on the risk 

and prognosis; however, it is unclear if specific antidiabetic treatments are associated with increased 

cardiovascular risk. 

 

The aims of this thesis were to examine if antidiabetic treatments have different effect on (1) the 

risk of myocardial infarction (study I), (2) the clinical outcome after myocardial infarction (studies 

II and III) and stroke (study IV). All studies were based on Danish medical and administrative 

databases. 

 

In study I, we included 10,616 cases with type 2 diabetes mellitus and myocardial infarction and 

90,697 population controls. Compared with users of sulfonylureas, users of metformin (adjusted HR 

0.86; 95% CI: 0.78-0.95) and insulin (adjusted HR 0.92; 95% CI: 0.86-0.99) had a lower risk of 

myocardial infarction. Users of any combination had a risk of myocardial infarction similar to that 

of users of sulfonylureas (adjusted HR 0.99; 95% CI: 0.92-1.06). We found no differences in the 

risk of myocardial infarction among users of individual sulfonylureas (p=0.39) or between the 

different combination types (p=0.11). 

 

Study II included 8,494 patients with type 2 diabetes mellitus and myocardial infarction. The 

overall cumulative 30-day and 1-year mortality rates were 22.2% and 36.6%, respectively. Type of 

antidiabetic treatment in monotherapy had no influence on clinical outcome after myocardial 

infarction, but use of any combination was associated with increased mortality (30-day HR 1.43; 

95% CI: 0.98-2.09, and 1-year HR 1.43; 95% CI: 1.18-1.73) compared with use of sulfonylurea.  

Study III included only patients with type 2 diabetes mellitus and myocardial infarction treated with 

sulfonylureas. There were no differences in clinical outcome after myocardial infarction among 

users of individual sulfonylureas.  
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Study IV included 4,816 patients with type 2 diabetes mellitus and ischemic stroke. The overall 

cumulative 30-day and 1-year mortality rates were 11.2% and 25.7%, respectively. Use of 

antidiabetic treatment in monotherapy was associated with decreased short-term mortality after 

ischemic stroke compared with use of sulfonylurea, i.e., the adjusted 30-day HRs for metformin, 

insulin, and no antidiabetic pharmacotherapy were 0.32 (95% CI: 0.15-0.67), 0.50 (95% CI: 0.29-

0.84), and 0.57 (95% CI: 0.36-0.91), respectively. Use of any combination was also associated with 

decreased risk compared with sulfonylureas (adjusted HR 0.63; 95% CI: 0.33-1.20), but this 

decrease did not reach statistical significance. When estimating the 1-year HRs, we found no 

differences in mortality among the antidiabetic treatments, but did find an increased risk of 

recurrent stroke or myocardial infarction for all antidiabetic treatments compared with sulfonylurea. 

This increase, however, reached statistical significance only among patients not receiving 

antidiabetic pharmacotherapy (adjusted HR 1.58; 95% CI: 1.04-2.42). 

 

In conclusion, our studies indicate that there are no major differences in the cardiovascular safety 

profile of different antidiabetic treatments. 
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9. DANSK RESUME 
Den globale prævalens af type 2 diabetes mellitus er stigende, og disse patienter er permanent 

afhængige af deres antidiabetiske behandling. Type 2 diabetes mellitus er både en velkendt 

risikofaktor samt en prognostisk faktor for aterosklerotiske sygdomme, og der har været 

usikkerhed om den kardiovaskulære risiko ved brug af nogle typer antidiabetika. Flere potentielle 

kardiovaskulære effekter, hvorved de forskellige antidiabetika kan påvirke risiko og prognose, er 

blevet postuleret. Det er dog uklart, om specifikke antidiabetika er associeret med en øget 

kardiovaskulær risiko.  

 

Formålet med denne afhandling var at undersøge, om forskellige typer antidiabetika påvirker (1) 

risiko for myokardieinfarkt (studie I) og (2) prognose efter myokardieinfarkt (studie II, III) og 

iskæmisk apopleksi (studie IV). Alle studier var baseret på danske medicinske og administrative 

databaser. 

 

I studie I blev 10.616 cases med type 2 diabetes mellitus og myokardieinfarkt og 90.697 

populationskontroller inkluderet. Sammenlignet med brugere af sulfonylurinstoffer havde brugere 

af metformin (justeret HR 0,86; 95% CI: 0,78-0,95) og insulin (justeret HR 0,92; 95% CI: 0,86-

0,99) en lavere risiko for myokardieinfarkt. Brugere af enhver kombination havde samme risiko 

for myokardieinfarkt som brugere af sulfonylurinstoffer (justeret HR 0,99; 95% CI: 0,92-1,06).  

Vi fandt ingen forskel på risiko for myokardieinfarkt blandt brugerne af specifikke 

sulfonylurinstoffer (p = 0,39) eller mellem forskellige kombinationstyper (p = 0,11). 

 

Studie II inkluderede 8.494 patienter med type 2 diabetes mellitus og myokardieinfarkt. De 

kumulerede 30 dage og et års dødeligheder var hhv. 22,2% og 36,6%. Typen af antidiabetika i 

monoterapi påvirkede ikke prognosen efter myokardieinfarkt, men brug af enhver kombination 

var associeret med øget dødelighed (30 dages HR 1,43; 95% CI: 0,98-2,09, og et års HR 1,43; 

95% CI: 1,18-1,73) sammenlignet med brug af sulfonylurinstoffer. Studie III inkluderede kun 

patienter med type 2 diabetes mellitus og myokardieinfarkt, der var i behandling med 

sulfonylurinstoffer. Der var ingen forskelle i prognosen efter myokardieinfarkt blandt brugerne af 

specifikke sulfonylurinstoffer. 
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Studie IV inkluderede 4.816 patienter med type 2 diabetes mellitus og iskæmisk apopleksi. De 

kumulerede 30 dage og et års dødeligheder var hhv. 11,2% og 25,7%. Brug af antidiabetika i 

monoterapi var associeret med bedre korttidsoverlevelse efter iskæmisk apopleksi sammenlignet 

med brug af sulfonylurinstoffer, dvs. de justerede 30 dages HR for metformin, insulin og ingen 

farmakologisk behandling var hhv. 0,32 (95% CI: 0,15-0,67), 0,50 (95% CI: 0,29-0,84) og 0,57 

(95% CI: 0,36-0,91). Brug af enhver kombination var også associeret med bedre overlevelse 

sammenlignet med sulfonylurinstoffer (justeret 30-dages HR 0,63; 95% CI: 0,33-1,20), men det 

var dog ikke statistisk signifikant. Ved et års follow-up var der ingen forskel i overlevelsen 

mellem de forskellige antidiabetiske behandlingstyper, men vi fandt øget risiko for 

genindlæggelse med nyt iskæmisk apopleksi eller myokardieinfarkt ved alle behandlingstyper 

sammenlignet med sulfonylurinstoffer, selv om det kun var statistisk signifikant hos patienter, der 

ikke var i farmakologisk behandling (justeret HR 1,58; 95% CI: 1,04-2,42).  

 

Sammenfattende viser vores undersøgelser, at forskellige antidiabetiske behandlingstyper ikke 

giver betydelige forskelle på de kardiovaskulære udfald. 
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Abstract 

Aims/hypothesis: Data on cardiovascular risk of different types of antidiabetic treatments are 

sparse and conflicting. Here we examined the risk of hospitalisation with myocardial 

infarction (MI) among patients treated with sulphonylureas, metformin, insulin, any 

combination and no antidiabetic pharmacotherapy.   

Methods: We conducted a population-based case-control study among all patients with type 2 

diabetes mellitus in Denmark and identified all patients hospitalised with a first-time MI and 

age- and gender-matched non-MI controls in the period 1996-2004 using data from medical 

registries. We estimated odds ratios (ORs) of MI associated with use of antidiabetic 

treatments, adjusted for potential confounding factors using patients treated with 

sulphonylureas as the reference group. 

Results: We identified a total of 10,616 type 2 diabetic cases hospitalised with MI and 90,697 

type 2 diabetic non-MI controls, of which 7,134 (67.2%) and 53,821 (59.3%) had filled a 

prescription for an antidiabetic drug, respectively. We found a lower risk of hospitalisation 

with MI among users of metformin (adjusted OR=0.86, 95% CI: 0.78-0.95), insulin (adjusted 

OR=0.92, 95% CI: 0.86-0.99), and among patients not receiving any antidiabetic 

pharmacotherapy (adjusted OR=0.75, 95% CI: 0.71-0.79) compared with users of 

sulphonylureas. Users of any combination had similar risk as users of sulphonylureas 

(adjusted OR=0.99, 95% CI: 0.92-1.06). We found no differences between individual 

sulphonylureas, and glycaemic control had only minor impact on the risk estimates in a 

subanalysis including HbA1c.  

Conclusion/interpretation: Our findings provide some support for the hypothesis that 

sulphonylureas may be associated with an increased risk of hospitalisation with MI. 

Keywords: Epidemiology, type 2 diabetes mellitus, case-control study, antidiabetic treatment, 

risk, myocardial infarction 
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Abbreviations: MI myocardial infarction, ORs odds ratios, UKPDS United Kingdom 

Prospective Diabetes Study, ICD international classification of diseases, ATC anatomical 

therapeutic chemical, OAD oral antidiabetic drug, IDA integrated database for labour market 

research.    
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Introduction 

Patients with diabetes mellitus have an increased risk of cardiovascular disease [1]. 

Maintaining blood glucose levels as close to the normal range as possible among these 

patients is one way to lower the risk of macrovascular disease [2]. However, the different 

antidiabetic treatments lower the blood glucose levels through different mechanisms, and 

might possibly therefore also have different effects on cardiovascular risk. Sulphonylureas 

have for several years been center for concerns about cardiovascular safety as the inhibition of 

cardiovascular KATP-channels by sulphonylureas has been linked with adverse cardiovascular 

effects.   

 

The United Kingdom Prospective Diabetes Study (UKPDS) found no differences in the rates 

of myocardial infarction (MI) between patients assigned sulphonylureas (chlorpropamide and 

glibenclamide) and insulin [3], but in an observational study on older patients with prior MI, 

the incidence of new coronary events was higher in patients treated with sulphonylureas than 

in patients treated with insulin or diet [4]. Further, in the UKPDS, use of metformin was 

associated with reduced risk of MI compared with diet therapy in overweight patients with 

type 2 diabetes mellitus [5], and metformin has also been associated with decreased rates of 

MI compared with insulin and/or sulphonylureas [6-8]. However, in contrast a meta-analysis 

of four randomised trials found similar risk of MI among users of pioglitazone, metformin 

and sulphonylurea (gliclazide) [9]. 

We have previously in a smaller study found an increased risk of MI among patients using 

any antidiabetic drugs compared with non-diabetic patients [10]. However, patients not using 

any antidiabetic pharmacotherapy had the highest risk of hospitalisation with MI, indicating 

that treatment with an antidiabetic drug may lower the cardiovascular risk. We also found 
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lower risk of hospitalisation with MI among users of gliclazide and glimepiride compared 

with glibenclamide, glipizide and tolbutamide [10]. 

 

Data regarding the risk of MI among patients using specific types of antidiabetic treatments 

are thus conflicting, and we therefore examined the risk of hospitalisation with MI among 

users of different antidiabetic treatments in a large Danish nationwide case-control study. 

 

Methods 

Setting and design 

We conducted this case-control study within the entire Danish population (approximately 5.3 

million). The Danish National Health Service provides tax-supported health care for all 

inhabitants, guaranteeing free access to general practitioners and hospitals, and refunding a 

variable proportion of the prescription medication costs. The Danish Civil Registration 

System keeps electronic records on gender, date of birth, change of address, date of 

emigration, and changes in vital status since 1968 [11,12]. The records carry a unique 10-digit 

civil registration number, assigned to every Danish citizen, and used in all Danish registries, 

enabling unambiguous linkage between them. 

 

Patients with diabetes mellitus 

We identified all patients with diabetes mellitus in Denmark through three different Danish 

registries. From the Danish National Patient Registry [13], we identified patients with a 

discharge diagnosis of diabetes mellitus (ICD-8 codes 249, 250 and/or ICD-10 codes E10, 

E11, E14, G63.2, H36.0, N08.3). This registry, established in 1977, collects data on all 

hospitalisations from non-psychiatric hospitals in the country, including dates of admission 

and discharge, surgical procedure(s) performed, and up to 20 discharge diagnoses assigned by 
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the treating physician and coded according to the International Classification of Diseases (8th 

revision (ICD-8) until the end of 1993, and 10th revision (ICD-10) thereafter). From the 

Registry of Medicinal Product Statistics, we traced all prescriptions for antidiabetic drugs 

(Anatomical Therapeutic Chemical (ATC) A10A, A10B). In Denmark, antidiabetic drugs are 

available by prescription only, and the registry contains data from 1995 onwards on all 

prescription drugs dispensed at all Danish pharmacies, including patients’ civil registration 

numbers, type of drug according to the ATC classification system, and date of dispensing the 

drug.   

Patients with diabetes mellitus were also identified in the National Health Insurance Service 

Registry. This registry contains data on services in the primary healthcare (general 

practitioners, medical specialists, doctors on emergency duty, opticians, dentists, private 

laboratories, physiotherapists, occupational therapists, chiropodist, and psychologists) since 

1990, and the diabetes-related services include blood glucose measurements and diabetic foot 

care performed by a chiropodist. We identified patients with diabetes mellitus by a visit at the 

chiropodist, 5 blood glucose measurements within one year, or minimum 2 blood glucose 

measurements per year in a 5 year period. This registry does not contain information on the 

actual values of the glucose measurements.  

We classified the diabetic patients according to their type of diabetes; type 1 if they were less 

than 30 years by the time of the first prescription, diagnosis or diabetes defining service in the 

primary healthcare and filled a prescription for insulin but not for an oral antidiabetic drug 

(OAD), and type 2 if they did not receive antidiabetic pharmacotherapy, or filled a 

prescription for an OAD, or if they were older than 30 years at the time of first prescription, 

diagnosis or service in the primary healthcare, regardless of treatment.  
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Patients with MI 

Using the Danish National Patient Registry, we constructed the hospital discharge history for 

all Danish patients with diabetes mellitus based on the data going back to 1977, and hereafter 

identified all in-patients, who were registered with a first-time discharge diagnosis of MI 

(ICD-10 codes I21.0-I21.9) recorded between January 1, 1996 and December 31, 2004 

(n=12,569). MI patients with type 1 diabetes mellitus were excluded, leaving a total of 12,397 

cases.   

   

Non-MI controls 

For each MI case with type 2 diabetes mellitus, we aimed to identify 10 non-MI controls from 

the total population of patients with type 2 diabetes mellitus through the Civil Registration 

System using risk set sampling [14], i.e., the controls had to be alive and at risk of MI at the 

time the corresponding case was diagnosed (index date). This registry, which is updated daily, 

keeps electronic records on vital status (dead or alive), date of death, and residence of all 

Danish citizens. The controls were matched on age and gender. We found no controls for 2 of 

the cases, and they were thus excluded from the study. 

 

Antidiabetic treatment 

Using the Registry of Medicinal Product Statistics, we categorised the cases and controls 

according to use of antidiabetic drugs 90 days prior to the hospitalisation or index date. 

Subjects using only one type of antidiabetic drugs in 90 days prior to hospitalisation or index 

date were categorised according to the antidiabetic drugs class: sulphonylureas, metformin, 

other OAD (glitazones, acarbose and repaglinide) or insulin. Subjects who used more than 

one type of antidiabetic drugs during the 90 days prior to hospitalisation or index date were 

categorised as combined users. Users of other OAD (in monotherapy or in combination 
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therapy) were excluded from the analyses due to the low number of treated patients (52 cases 

and 1,185 controls in monotherapy and 177 cases and 3,205 controls in combination therapy).  

Subjects not using any antidiabetic drugs during the 90 days prior to hospitalisation or index 

date were categorised as diabetic patients without pharmacotherapy. We excluded subjects 

who had filled a prescription for any antidiabetic drug prior to hospitalisation or index date, 

but not within 90 days before the hospitalisation or index date from the analyses (n=1,469 

cases and 27,572 controls). In order to evaluate the different sulphonylureas, we also excluded 

patients with prescriptions for more than one sulphonylurea drug within the 90 days before 

hospitalisation or index date (n=79 cases and 1,184 controls).  

 

Covariates 

We obtained data on covariates from the Danish National Patient Registry, the Registry of 

Medicinal Product Statistics, the Integrated Database for Labour Market Research (IDA) at 

Statistics Denmark [15], and, for a subset, data from the laboratory information systems in 

North Jutland and Aarhus Counties.  

We obtained information on previous hospitalisations for hypertension, chronic bronchitis and 

emphysema (as a proxy measure for smoking), alcohol-related diseases, liver cirrhosis, stroke, 

peripheral arterial disease, and diabetes complications (i.e. retinopathy, nephropathy, and 

neuropathy). We identified all prescriptions for cardiovascular drugs (antihypertensive drugs, 

statins, other lipid-lowering drugs, high-dose aspirin, platelet inhibitors, nitrates), and 

hormone replacement therapy filled before the date of admission for MI or index date for 

controls.  

We estimated the duration of diabetes as the time since the earliest prescription for an 

antidiabetic drug or the earliest diabetes diagnosis or the earliest blood glucose measurement 
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or visit at the chiropodist. We then categorized the duration in three groups; ≤5 years, 5-10 

years, >10 years.  

Finally, based on data from the IDA, we classified the cases and controls according to their 

marital status (single, married or co-habiting), employment status (old-age pensioner, self-

employed, salaried employed), gross income (below 25th percentile, 25th-50th, 50th-75th, above 

75th percentile), and educational level (university degree, short/medium-term formal 

education, basic vocational education, basic school, unspecified) in the year prior to 

admission for MI or index date.  We excluded cases and controls with missing information on 

these socioeconomic factors. 

Biochemical data reflecting the intensity of the antiglycemic treatment were available from 

the clinical biochemical information system for patients from North Jutland and Aarhus 

Counties, covering a population of approximately 1,150,000 (~22% of the total Danish 

population). Data were available on laboratory tests from all hospitals and general practices in 

the two counties. We retrieved data on HbA1c, and used the latest measurement within 180 

days prior to admission or index date and seven days after the admission or index date. 

 

Statistical analyses 

We created contingency tables and used conditional logistic regression analysis to compute 

crude and adjusted odds ratios (ORs) of MI according to use of antidiabetic treatment. Since 

we used risk set sampling of controls, these ORs are unbiased estimates of the corresponding 

incidence rate ratio [14]. We adjusted for a previous history of hypertension, chronic 

bronchitis and emphysema, alcohol-related diseases, liver cirrhosis, stroke, peripheral arterial 

disease, and diabetes complications (i.e. retinopathy, nephropathy, and neuropathy), and for 

use of antihypertensive drugs, statins, other lipid-lowering drugs, high-dose aspirin, platelet 
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inhibitors, oral anticoagulants, nitrates, or hormone replacement therapy, and marital status, 

employment status, gross income, and educational level in the logistic regression analyses.  

Differences in risk of MI between the different combination types and between the individual 

sulphonylureas were assessed by likelihood ratio tests.  

Patients receiving sulphonylureas were used as the reference group in the primary analyses. In 

the subanalysis where we compared the risk among users of different sulphonylureas, both 

users of tolbutamide and metformin served as the reference group.  

Prescriptions for antidiabetic drugs in Denmark are usually issued for three months, but may 

be issued for up to six months. We therefore also analysed the data based on drug use within 

180 days prior to hospitalisation or index date. 

We analysed data with Stata 8.2 (StataCorp LP, College Station, TX, USA) and with version 

9.13 of the SAS software (SAS Institute Inc., Cary, NC, USA). 

 

Results 

We identified a total of 10,616 MI cases and 90,697 population controls. Characteristics of 

cases and controls are shown in Table 1. Among cases, 7,134 (67.2%) had filled a 

prescription for an antidiabetic drug within 90 days prior to admission for MI. In comparison, 

53,821 (59.3%) controls filled a prescription. Hypertension, chronic bronchitis and 

emphysema, retinopathy, nephropathy, neuropathy, stroke, and peripheral arterial disease 

were more prevalent among cases than controls, and more cases than controls had filled 

prescriptions for antihypertensive drugs, statins, other lipid-lowering drugs, high-dose aspirin, 

platelet inhibitors, hormone replacement therapy, and nitrates.  

 

Table 2 shows the crude and adjusted ORs for MI according to use of antidiabetic drugs. 

After adjustment for possible confounding factors, use of metformin and insulin were 
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associated with a lower risk of MI compared with use of sulphonylureas, adjusted ORs 0.86 

(95% CI: 0.78-0.95) and 0.92 (95% CI: 0.86-0.99), respectively. The lowest risk of MI was 

found among the patients not receiving any antidiabetic pharmacotherapy (adjusted OR 0.75 

(95% CI: 0.71-0.79). Users of any combination of the antidiabetic drugs had similar risk of 

MI as users of sulphonylureas, adjusted OR 0.99 (95% CI: 0.92-1.06), with no differences 

between the various types of combination (p=0.11).  

 

When excluding the patients only identified in the National Health Insurance Service Registry 

(1,643 cases and 24,910 controls), we found no differences in the risk between patients not 

treated with antidiabetic pharmacotherapy and users of sulphonylureas (adjusted OR 0.98, 

95% CI: 0.92-1.05), indicating that the patients only seen in the primary healthcare had a 

milder form of diabetes. Furthermore, use of metformin was then associated with lower risk 

of MI than no antidiabetic pharmacotherapy (p=0.003). 

  

We found no differences in the risk of MI between the individual sulphonylureas (p=0.39). 

Thus compared with tolbutamide, the adjusted ORs for use of glibenclamide, glipizide, 

gliclazide and glimepiride were 1.01 (95% CI: 0.90-1.14), 0.94 (95% CI: 0.82-1.08), 0.89 

(95% CI: 0.74-1.07) and 1.02 (95% CI: 0.90-1.16), respectively. Table 3 shows crude and 

adjusted ORs for MI according to the different sulphonylureas compared with users of 

metformin. All sulphonylureas had slightly increased risk of MI compared with metformin, 

but not all reached statistical significance.   

 

Data on HbA1c were available on 886 cases and 1,397 controls from the North Jutland and 

Aarhus Counties. We examined the effect of the intensity of the glycaemic control among this 

subset of patients, although with a much weaker statistical precision. The HbA1c level had 
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only minor effects on the risk estimates, i.e. further adjustment for the parameter changed the 

estimates with only 2%-6% (data not shown).  

 

All results were virtually unchanged when estimating the ORs based on drug use within 180 

days prior to MI or index date. Thus compared with sulphonylureas, the adjusted ORs were 

0.86 (95% CI: 0.78-0.95), 0.91 (95% CI: 0.85-0.98), 1.00 (95% CI: 0.94-1.07), and 0.75 (95% 

CI: 0.71-0.79) for use of metformin, insulin, any combination and no antidiabetic 

pharmacotherapy, respectively. 

 

Discussions 

We found a lower risk of hospitalisation with MI among users of metformin, insulin, and 

patients not treated with antidiabetic pharmacotherapy compared with users of sulphonylureas 

in this large nationwide case-control study on patients with type 2 diabetes mellitus. However, 

patients discharged with a diagnosis of diabetes mellitus but not receiving any antidiabetic 

drugs had similar risk as users of sulphonylureas. The increased risk associated with use of 

sulphonylureas appeared not to be explained by differences in the intensity of the 

antiglycemic treatment. 

The main strengths of this study are its large size, the uniformly organised healthcare system 

allowing a population-based design and the ability to link different data sources with 

prospectively collected data. As these data sources comprise complete population data, our 

results reflect the daily clinical practice in Denmark. We were able to examine differences 

between the types of antidiabetic drugs as well as between the 5 individual sulphonylureas 

available in Denmark, and to adjust for a wide range of conditions and treatments associated 

with the development of MI. Furthermore, all data were prospectively collected, avoiding the 

potential difficulties with any recall bias.  
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The validity of our estimates depends on the comparability of the groups and the accuracy of 

the registries. We used three different registries to identify our study population of all Danish 

patients with diabetes mellitus. The combined use of the Danish National Patient Registry and 

the Register of Medicinal Product Statistics to identify patients with diabetes mellitus have 

proven to be of high quality and nearly complete [16], and further addition of information 

from the National Health Insurance Service Registry gives a more valid estimate of the entire 

Danish population with diabetes mellitus [17,18]. Finally, the validity of the hospital 

discharge diagnoses used to identify the cases with first-time MI patients also seems high 

[19,20].  

 

A potential weakness of our study is the case definition. As the diagnosis of MI was obtained 

through diagnoses coded at hospital discharge, the MI-patients not reaching the hospital will 

remain unnoticed. We have therefore not included patients who died before reaching the 

hospital or patients who were not hospitalized or misdiagnosed at the hospital. Thus, if users 

of certain antidiabetic drugs were more likely to die before reaching the hospital, be non-

hospitalized if experiencing an MI or be misdiagnosed at the hospital, this would generate a 

selection bias. Other limitations include the lack of data on compliance and duration of actual 

use of the prescribed drugs. Finally, in spite of adjusting for several potential confounding 

factors, our results may still be affected by potential unmeasured confounding factors 

(lifestyle factors such as diet, obesity, and exercise), and residual confounding due to potential 

misclassification of the included variables or use of crude categories for some of the included 

variables. 

 

Our study is in agreement with a number of other studies. An American case-control study 

showed a significant reduction in the risk of MI associated with metformin (OR 0.48, 95% CI: 
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0.27-0.82) compared with sulphonylurea (glipizide and glibenclamide) use among patients 

with type 2 diabetes mellitus [7]. A follow-up study investigating the incidence of new 

coronary events in older patients with diabetes mellitus and prior MI treated with 

sulphonylureas, insulin, metformin and diet found higher incidence in patients treated with 

sulphonylureas than in patients treated with insulin (p=0.0003) and diet (p=0.022) [4]. There 

were no statistical significant difference between sulphonylurea and metformin [4], however, 

only 7 users of metformin were readmitted with a new coronary event hampering the 

statistical precision. 

We found similar risk of hospitalisation with MI in patients treated with any combination and 

patients treated with sulphonylureas alone, which is in agreement with other studies, in which 

the combination of metformin and sulphonylurea was not associated with lower risk 

compared with sulphonylurea alone [5,7].  

 

We were not able to confirm our previous finding of a particular high MI risk among patients 

not treated with antidiabetic drugs [10]. This may at least partly be explained by the use in the 

present study of the National Health Insurance Service Registry to identify patients with 

diabetes mellitus, whereby we might have included a not-treated population with milder 

diabetes mellitus than if only identifying patients from the Danish National Patient Registry 

and the Register of Medicinal Product Statistics. Nor could we confirm our previous finding 

of a higher risk of hospitalisation with MI among users of glibenclamide, glipizide and 

tolbutamide compared with users of glimepiride and gliclazide (p=0.01) [10]. However, the 

previous study was small (867 cases and 3,148 controls with diabetes mellitus, of which 361 

cases and 1,626 controls were treated with sulphonylureas) with few data on confounding 

factors.  
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Most guidelines suggest metformin as first-line therapy, we therefore compared the different 

sulphonylureas (suggested alternative) with metformin, and in this comparison we found a 

slight increase in risk for some, but not all sulphonylureas. 

Our results also to some extent disagree with the studies showing a reduced risk of metformin 

compared with diet therapy [5,7]. However, when excluding the patients only identified in the 

National Health Insurance Service Registry, we found decreased risk among users of 

metformin compared with patients not treated with antidiabetic pharmacotherapy.  

 

In conclusion, our findings provide some support to the hypothesis that sulphonylureas in 

general may be associated with a slightly increased risk of hospitalisation with MI compared 

with metformin and insulin. 
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Tables 

Table 1. Descriptive characteristics of cases with type 2 diabetes mellitus and a first-time 

hospitalisation with myocardial infarction and controls with type 2 diabetes mellitus (matched 

on age and gender) in Denmark, 1996-2004.  

Characteristicsa Cases (N=10,616) Controls (N=90,697) p-value 

Age, median (range) 73.2  (23-100) 73.3  (23-100) 0.724 

      

Sex (males) 6,180  (58.2) 52,253  (57.6) 0.235 

      

Duration of diabetes mellitus (%)     <0.001 

   ≤5 years 4,922 (46.4) 45,146 (49.8)   

   5-10 years 3,238 (30.5) 27,494 (30.3)  

   >10 years 2,456 (23.1) 18,057 (19.9)   

      

Previous discharge diagnoses (%)      

   Hypertension 3,091 (29.1) 19,072 (21.0)  <0.001 

   Chronic bronchitis and emphysema 1,030 (9.7) 6,446 (7.1)  <0.001 

   Alcohol-related diseases 434 (4.1) 4,004 (4.4) 0.120 
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   Liver cirrhosis 44 (0.4) 562 (0.6)  0.009 

   Retinopathy 998 (9.4) 6,241 (6.9)  <0.001 

   Nephropathy 650 (6.1) 2,849 (3.1)  <0.001 

   Neuropathy 664 (6.3) 4,314 (4.8)  <0.001 

   Stroke 1,377 (13.0) 9,051 (10.0)  <0.001 

   Peripheral arterial disease 1,622 (15.3) 7,066 (7.8)  <0.001 

      

Prescription for (%)      

   Antihypertensive drugs 8,183 (77.1) 62,740 (69.2)  <0.001 

   Statins 1,910 (18.0) 12,555 (13.8)  <0.001 

   Other lipid-lowering drugs 159 (1.5) 1,120 (1.2)  0.022 

   High-dose aspirin 1,372 (12.9) 8,952 (9.9)  <0.001 

   Platelet inhibitors 2,439 (23.0) 16,086 (17.7)  <0.001 

   Oral anticoagulants 397 (3.7) 3,450 (3.8) 0.743 

   Hormone replacement therapy 1,064 (10.0) 9,887 (10.9)  0.006 

   Nitrates 3,189 (30.0) 13,151 (14.5)  <0.001 
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Marital status (%)     0.016 

   Single 4,750 (44.7) 41,697 (46.0)  

   Married or co-habiting 5,866  (55.3) 49,000 (54.0)  

      

Gross income (%)     <0.001 

   1. quartile  3,003 (28.3) 22,362 (24.7)  

   2. quartile  2,672 (25.2) 22,615 (24.9)  

   3. quartile  2,607 (24.6) 22,721 (25.1)  

   4. quartile  2,329 (21.9) 22,999 (25.4)  

      

Educational level (%)     <0.001 

   University degree 142 (1.3) 1,797 (2.0)  

   Short/medium-term formal education 490 (4.6) 5,487 (6.1)  

   Basic vocational education 2,270 (21.4) 20,669 (22.8)  

   Basic school 4,692 (44.2) 37,464 (41.3)  

   Unspecified 3,022 (28.5) 25,280 (27.8)  
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Employment status (%)     <0.001 

   Old-age pensioner 8,950 (84.3) 74,661 (82.3)  

   Employed 1,360 (12.8) 13,234 (14.6)  

   Other 306 (2.9) 2,802 (3.1)  

      

Laboratory datab      

   HbA1c (%),  median (range)c 7.5 (5-19) 7.3 (4-14) <0.001 

      

a All variables are shown as number (%), except for age and HbA1c, which are shown as 

median (range). 

b Data only available for patients from North Jutland and Aarhus Counties (N=1,466 cases, 

2,484 controls). 

c Data on HbA1c only available for 886 cases and 1,397 controls. 
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Table 2. Crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for hospitalisation with myocardial infarction according to 

prescription for antidiabetic drugs filled within 90 days before hospitalisation or index date compared with patients who filled prescriptions for 

sulphonylureas. 

Antidiabetic 

medication 

Cases  

(N=10,616) 

Controls  

(N=90,697) 

Crude OR  

(95% CI) 

p-value Adjusted ORa  

(95% CI) 

p-value 

Sulphonylureas  3,080 (29.0) 23,698 (26.1) 1.00 (reference)  1.00 (reference)  

Metformin  599 (5.6) 5,328 (5.8) 0.86 (0.79-0.95) 0.002 0.86 (0.78-0.95) 0.004 

Insulin  1,972 (18.6) 13,853 (15.3) 1.09 (1.03-1.16) 0.004 0.92 (0.86-0.99) 0.027 

Any combination 1,483 (14.0) 10,942 (12.1) 1.04 (0.98-1.11) 0.221 0.99 (0.92-1.06) 0.809 

No 

pharmacotherapy 

3,482 (32.8) 36,876 (40.7) 0.72 (0.69-0.76) <0.001 0.75 (0.71-0.79) <0.001 
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a Adjusted for discharge diagnoses of hypertension, bronchitis and emphysema, alcohol-related diseases, liver cirrhosis, retinopathy, 

nephropathy, neuropathy, stroke and peripheral arterial disease, prescriptions for antihypertensive drugs, statins, other lipid-lowering drugs, high-

dose aspirin, platelet inhibitors, oral anticoagulants, hormone replacement therapy, nitrates, and previous use of other types of antidiabetic drugs 

before the hospitalisation or index date, duration of diabetes, marital status, education, income, and employment status. 
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Table 3. Crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for hospitalisation with myocardial infarction according to 

prescription for different sulphonylureas filled within 90 days before hospitalisation or index date compared with patients who filled 

prescriptions for metformin. 

Antidiabetic 

medication 

Cases  

(N=3,679) 

Controls  

(N=29,026) 

Crude OR  

(95% CI) 

p-value Adjusted ORa  

(95% CI) 

p-value 

Metformin  599 (5.6) 5,328 (5.8) 1.00 (reference)  1.00 (reference)  

Tolbutamide 461 (15.0) 3,585 (15.1) 1.15 (1.01-1.31) 0.037 1.16 (1.02-1.33) 0.029 

Glibenclamide 1,013 (32.9) 7,721 (32.6) 1.17 (1.05-1.30) 0.006 1.18 (1.05-1.32) 0.005 

Glipizide 496 (16.1) 4,077 (17.2) 1.09 (0.96-1.24) 0.194 1.10 (0.96-1.25) 0.177 

Gliclazide 188 (6.1) 1,635 (6.9) 1.02 (0.86-1.22) 0.787 1.04 (0.87-1.24) 0.682 

Glimepiride 922 (29.9) 6,680 (28.2) 1.22 (1.09-1.36) <0.001 1.19 (1.06-1.33) 0.003 
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a Adjusted for discharge diagnoses of hypertension, bronchitis and emphysema, alcohol-related diseases, liver cirrhosis, retinopathy, 

nephropathy, neuropathy, stroke and peripheral arterial disease, prescriptions for antihypertensive drugs, statins, other lipid-lowering drugs, high-

dose aspirin, platelet inhibitors, oral anticoagulants, hormone replacement therapy, nitrates, and previous use of other types of antidiabetic drugs 

before the hospitalisation or index date, duration of diabetes, marital status, education, income, and employment status. 
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Abstract
Aims/hypothesis We examined whether the type of preadmis-
sion glucose-lowering treatments explained differences in
mortality rate and risk of readmission with myocardial
infarction (MI) and heart failure following first-time hospi-
talisation for MI in patients with type 2 diabetes mellitus.
Methods We conducted a nationwide population-based follow-
up study among all Danish patients hospitalised with first-
time MI from 1996 to 2004. Data on use of glucose-lowering
drugs and other medications, comorbidities, socioeconomic
status, laboratory findings, readmission with MI and heart
failure, and death were obtained from medical databases. We
computed mortality rates and rates of MI and heart failure
readmission, according to type of glucose-lowering treat-
ment and used Cox’s proportional hazards regression

analysis to compute hazard ratios (HRs) as estimates of
relative risks.
Results We identified 8,494 MI patients with type 2 diabetes
mellitus. The overall cumulative 30 day and 1 year mortality
rates were 22.2 and 36.6%, respectively. Patients not re-
ceiving any glucose-lowering drugs (adjusted 30 day HR:
0.79, 95% CI: 0.57–1.10) and users of any combination
(adjusted 30 day HR: 1.43, 95%CI: 0.98–2.09) had the lowest
and highest mortality rates, respectively, when compared with
users of sulfonylureas. We found that glycaemic control had
no impact on the risk estimates in a subanalysis including
biochemical laboratory data. We found no differences in
the risk of new MI and heart failure between the different
glucose-lowering agents.
Conclusions/interpretation Type of preadmission glucose-
lowering treatment in monotherapy is not associated with
substantial differences in prognosis following hospitalisa-
tion with MI. However, patients treated with any combina-
tion had increased mortality rates.
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Introduction

Type 2 diabetes mellitus is a progressive disease charac-
terised by varying degrees of insulin resistance and relative
insulin deficiency. Initially, glycaemic control is achieved
non-pharmacologically (i.e. by diet and exercise), but in later
stages pharmacotherapy with one or more drug is required
[1]. It is likely that treatments aimed to improve glycaemic
control will prevent cardiovascular complications, which
are often seen among patients with type 2 diabetes mellitus,
but it remains uncertain whether the treatments themselves
have adverse effects on the cardiovascular system.

Patients with diabetes mellitus have a poorer prognosis
after myocardial infarction (MI) including increased rates of
new MI, heart failure and death, when compared with their
non-diabetic counterparts [2]. Data regarding outcome in
cardiac patients using various types of glucose-lowering
drugs are sparse and conflicting [3–14], and the existing
studies have some limitations, including small and often non-
representative samples and shortcomings in the data analysis.

As a large proportion of patients with type 2 diabetes
mellitus suffer from cardiovascular diseases and are perma-
nently dependent on their glucose-lowering drugs, it is
important to clarify the risk associated with the different
glucose-lowering drugs. Here, in a nationwide population-
based follow-up study, we examine the prognosis among
Danish patients with type 2 diabetes mellitus, who were
admitted to hospital with a first-time MI and were using
various types of glucose-lowering treatments.

Methods

Setting and design We conducted this follow-up studywithin
the entire Danish population (approximately 5.3 million).

TheDanish National Health Service provides tax-supported
healthcare for all inhabitants, guaranteeing free access to
general practitioners and hospitals, and refunding a variable
proportion of the prescription medication costs. The Danish
Civil Registration System keeps electronic records on sex,
date of birth, change of address, date of emigration and
changes in vital status since 1968 [15, 16]. The records carry
a unique ten-digit civil registration number, assigned to
every Danish citizen and used in all Danish registries,
enabling unambiguous linkage between them.

Patients with MI The Danish National Patient Registry
[17], established in 1977, collects data on all hospitalisations
from non-psychiatric hospitals in the country, including
dates of admission and discharge, surgical procedure(s)
performed and up to 20 discharge diagnoses assigned by the
treating physician and coded according to the International
Classification of Diseases (ICD) 8th revision (ICD-8) until

the end of 1993 (thereafter 10th revision [ICD-10]). From the
registry, we identified all patients with a first-time primary
discharge diagnosis of MI (ICD-10 codes I21.0-I21.9)
among those who had been hospitalised between 1 January
1996 and 30 November 2004.

Glucose-lowering agents The Register of Medicinal Prod-
uct Statistics contains data from 1995 onwards on all
prescription drugs dispensed at all Danish pharmacies,
including patients’ civil registration numbers, type of drug
according to the Anatomical Therapeutic Chemical classi-
fication system and date of drug dispensing.

In Denmark, glucose-lowering drugs are available by
prescription only. Among the MI patients, we traced all
prescriptions for glucose-lowering drugs redeemed prior to
admission for MI. Users of glitazones (n=2), meglitinides
(n=60) and α-glucosidase inhibitors (n=19) were excluded
from the analyses due to the low number of treated patients.

Patients who had used only one type of glucose-lowering
drug in the 90 days prior to hospitalisation were categorised
according to the class of the glucose-lowering drug: sulfonyl-
ureas, metformin or insulin. Patients who had used more than
one type of glucose-lowering drug during the 90 days prior to
hospitalisation were categorised as combined users and divid-
ed according to the type of combination: sulfonylureas and
metformin, sulfonylureas and insulin, metformin and insulin,
or sulfonylureas, metformin and insulin. Patients with a diag-
nosis of diabetes since 1977 according to the Patient Registry
(ICD-8 codes 249, 250, ICD-10 codes E10, E11, E14, G63.2,
H36.0, N08.3) but not using any glucose-lowering drugs
during the 90 days prior to hospitalisation were categorised as
diabetic patients without pharmacotherapy. For all patients,
we also received information on whether they had used other
types of glucose-lowering drugs before the 90 days prior to the
admission for MI, as well as on their use of glucose-lowering
drugs within 1 year after the admission.

We classified the diabetic patients according to their type
of diabetes: type 1 if they were less than 30 years old by the
time of the first prescription or diagnosis and had never
received a prescription for an oral glucose-lowering drug;
type 2 if they had not received pharmacotherapy or had
received a prescription for an oral glucose-lowering drug or
were older than 30 years at the time of first prescription or
diagnosis, regardless of treatment. Patients with type 1
diabetes mellitus (n=175) were excluded from the study.

Patients with polycystic ovary syndrome (PCOS) may also
receive treatment with metformin, thus to avoid inclusion of
these non-diabetic patients, we sought to identify patients
with a PCOS diagnosis (ICD-10 code E28.2) among the users
of metformin. No such patients were identified.

Endpoints The endpoints were 30 day and 1 year all-cause
mortality (in and outside the hospital) and readmission with
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new MI or heart failure within 1 year after admission with
MI. Mortality was ascertained from the Civil Registration
System; readmission with a new MI (ICD-10 codes I21,
I22) or heart failure (ICD-10-codes I11.0, I13.0, I13.2,
I25.5, I42.0, I42.6, I42.7, I42.8, I42.9, I50.0, I50.1, I50.9)
were ascertained from the Danish National Patient Registry.
Readmission with MI within 28 days of the original MI was
not considered a new event [18].

Covariates We obtained data on covariates from the Danish
National Patient Registry, the Register of Medicinal Product
Statistics, the Integrated Database for Labour Market
Research (IDA) at Statistics Denmark [19] and, for a subset,
from the Laboratory Information Systems in the Counties
of North Jutland and Aarhus.

Based on discharge diagnoses from the Danish National
Patient Registry, we computed, for each patient, the co-
morbidity index score developed by Charlson et al. [20]. The
index covers 19 major disease categories, including diabetes
mellitus, MI, heart failure, cerebrovascular diseases and
cancer, weighted according to their impact on patient
survival. MI and diabetes mellitus were excluded from the
comorbidity index calculations. We also obtained informa-
tion on previous diagnoses of hypertension, coronary
revascularisation procedures (percutaneous coronary inter-
vention and coronary artery bypass graft), alcoholism-
related diseases and diabetes complications (i.e. retinopathy,
nephropathy and neuropathy). Data on coronary revascular-
isation procedures performed during or after the admission
for MI were also obtained.

We identified all prescriptions for cardiovascular drugs
(antihypertensive drugs, lipid-lowering drugs, platelet inhib-
itors, vitamin K antagonists) and hormone replacement
therapy (HRT) redeemed before the date of admission for
MI or within 1 year after the admission.

We estimated the duration of diabetes as the time since the
earliest prescription for a glucose-lowering drug or the
earliest diabetes diagnosis and categorised the duration in
three groups: ≤5 years, 5 to 10 years, >10 years. Finally,
based on data from IDA, we classified the patients according
to socioeconomic status (employed, pensioner or other) in the
year prior to admission for MI.

Biochemical data reflecting the intensity of the antiglycae-
mic treatment and the extent of myocardial damage following
admission with MI were available from the Laboratory
Information System for tests analysed in North Jutland and
Aarhus Counties, covering a population of approximately
1,150,000 (∼22% of the total Danish population). Data were
available on laboratory tests from all the counties’ hospitals
and general practices. We retrieved data on HbA1c, blood
glucose, troponin T and creatine kinase-myocardial band
(CK-MB). We used the latest measurement of HbA1c within
180 days prior to admission and 7 days after the admission

and the highest level of blood glucose, troponin T and
CK-MB on the day of admission or the following day.

As the proportion of users of the different glucose-
lowering drugs varied during the study period, thereby
creating a risk of comparing patients from different calendar
periods when comparing the treatments, we also included the
calendar time of admission in the analyses.

Statistical analyses Characteristics of the users of various
types of glucose-lowering treatments were compared using a
χ2 analysis for the categorical variables, whereas continu-
ous variables were compared using Kruskal–Wallis tests.

Follow-up began on the date of admission with MI and
ended on the date of admission with new MI or heart failure
(only in analyses on risk of new MI or heart failure, re-
spectively), death, emigration or after 30 days or 1 year. We
computed Kaplan–Meier mortality curves for the glucose-
lowering treatments and computed the cumulative 30 day
and 1 year mortality rates.

We used Cox’s proportional hazards regression analysis
(with the Efron approximation to handle tied survival times)
to compute hazard ratios (HRs) as estimates of the relative
risks for each outcome. We included all the measured
covariates; use of glucose-lowering drugs, cardiovascular
drugs, HRT and coronary revascularisation procedures after
MI were treated as time-dependent covariates. The p values
were estimated by Wald tests. The largest group, i.e. patients
receiving sulfonylureas, served as the reference group in all
analyses.

To examine possible sex-related differences in prognosis,
we also analysed the HRs stratified by sex. Differences in
prognosis between the different combination types were
assessed by likelihood ratio tests; differences in troponin T
and CK-MB levels, which may reflect infarct size [21], were
assessed by Kruskal–Wallis tests.

Prescriptions for glucose-lowering drugs in Denmark are
usually issued for 3 months, but may be issued for up to
6 months. We therefore also analysed the data based on
drug use within 180 days prior to hospitalisation.

We analysed data with Stata 8.2 (StataCorp LP, College
Station, TX, USA) and with version 9.13 of SAS software
(SAS Institute, Cary, NC, USA). The statistical significance
level was set to 0.05 in all analyses.

Results

Diabetes treatment groups We identified 8,494 patients with
type 2 diabetes mellitus who were hospitalised with a first-
time MI during the study period. Among these patients,
31.7% were being treated with sulfonylureas, 6.0% with
metformin, 21.5% with insulin and 15.7% with any com-
bination of glucose-lowering drugs, while 25.1% were not
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Table 1 Descriptive characteristics according to glucose-lowering treatment of patients with type 2 diabetes mellitus hospitalised with a first-time
MI in Denmark during the period 1996 to 2004

Characteristica SU Metformin Insulin Combination No pharmacotherapy p value

(n=2,691) (n=511) (n=1,827) (n=1,333) (n=2,132)

n % n % n % n % n %

Age in years, median (range) 75.4 36–100 67.5 33–96 71.9 25–96 70.1 37–97 74.1 35–100 <0.001
Sex (men) 1,583 58.8 324 63.4 932 51.0 763 57.2 1,218 57.1 <0.001
Calendar period <0.001
1996–1998 911 33.8 73 14.3 527 28.9 336 25.2 555 26.0
1999–2001 909 33.8 153 29.9 585 32.0 398 29.9 738 34.6
2002–2004 871 32.4 285 55.8 715 39.1 599 44.9 839 39.4
Duration of diabetes mellitus (years) <0.001
≤5 1,702 63.2 346 67.7 322 17.6 522 39.2 1,198 56.2
5–10 707 26.3 122 23.9 571 31.3 544 40.8 557 26.1
>10 282 10.5 43 8.4 934 51.1 267 20.0 377 17.7
Charlson’s comorbidity index <0.001
0 1,296 48.1 294 57.5 624 34.2 682 51.2 822 38.6
1–2 1,065 39.6 186 36.4 877 48.0 522 39.1 930 43.6
≥3 330 12.3 31 6.1 326 17.8 129 9.7 380 17.8
Discharge diagnoses of
Hypertension 1,999 74.3 393 76.9 1,471 80.5 1,060 79.5 1,635 76.7 <0.001
Alcoholism 71 2.6 19 3.7 102 5.6 41 3.1 111 5.2 <0.001
Former revascularisation 80 3.0 25 4.9 93 5.1 45 3.4 91 4.3 0.003
Retinopathy 135 5.0 21 4.1 594 32.5 156 11.7 194 9.1 <0.001
Nephropathyb 95 3.5 19 3.7 301 16.5 81 6.1 169 7.9 <0.001
Neuropathy 110 4.1 26 5.1 342 18.7 107 8.0 139 6.5 <0.001
Prescription forc

Antihypertensive drugs 1,972 73.3 385 75.3 1,446 79.2 1,047 78.5 1,594 74.8 <0.001
Platelet inhibitors 562 20.9 111 21.7 424 23.2 311 23.3 401 18.8 <0.001
Vitamin K antagonists 88 3.3 16 3.1 68 3.7 60 4.5 66 3.1 0.209
Lipid-lowering drugs 316 11.7 140 27.4 352 19.3 299 22.4 273 12.8 <0.001
HRT 243 9.0 46 9.0 194 10.6 138 10.4 220 10.3 0.339
Socioeconomic statusd <0.001
Employed 285 10.8 114 22.7 204 11.4 184 14.0 258 12.3
Pensioner 2,287 86.8 364 72.5 1,535 86.1 1,068 81.3 1,774 84.6
Other 63 2.4 24 4.8 45 2.5 62 4.7 66 3.1
Laboratory datae

HbA1c, % (median [range])f 7.5 4.7–12.5 7.2 5.4–11.3 8.5 5.4–13.9 8.1 1.0–13.8 7.1 4.7–13.1 <0.001
Blood glucose, mmol/l
(median [range])g

12.8 3.9–48.4 10.9 5.6–26.3 14.8 2.3–61.7 14.4 4.8–36.1 10.8 3.2–33.9 <0.001

Troponin T, μg/l (median [range])h 1.29 0.01–64 0.96 0.01–50 1.42 0.01–48 1.2 0.01–34 1.00 0.01–43 <0.001
Creatine kinase MB, μg/l
(median [range])i

42.4 0.8–1746 35.6 0.3–455 41.6 1.5–1000 31.1 1.9–529 29.9 0.1–1000 <0.001

aAll variables are shown as n (%), except for age and laboratory data, which are shown as median (range)
bAlso included in the Charlson index
cReceived a prescription within 90 days (platelet inhibitors and vitamin K antagonists) or ever (all others) before admission for MI
dThe year prior to admission for MI
eData only available for patients from North Jutland and Aarhus Counties
fMeasured within 180 days prior to admission and 7 days after admission with MI (n=1,189, n=265, n=352, n=69, n=323, n=180 for total, no
pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively)
gHighest measurement at the day of admission (n=1,403, n=345, n=424, n=76, n=348, n=210 for total, no pharmacotherapy, sulfonylurea,
metformin, insulin, combination treatments, respectively)
hHighest measurement at the day of admission or the following day (n=1,043, n=270, n=307, n=67, n=246, n=153 for total, no
pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively)
iHighest measurement at the day of admission or the following day (n=770, n=206, n=214, n=50, n=188, n=112 for total, no pharmacotherapy,
sulfonylurea, metformin, insulin, combination treatments, respectively)
SU, sulfonylurea
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receiving glucose-lowering pharmacotherapy at the time of
admission. The main clinical and laboratory characteristics
of the patients according to glucose-lowering treatment are
presented in Table 1.

All-cause mortality rate Cumulative mortality curves for the
different treatment groups are shown in Fig. 1. We excluded
161 patients for whom data on socioeconomic status were
missing. A total of 1,851 of the remaining 8,333 (22.2%,
95% CI: 21.3–23.1) patients died within 30 days after
admission. Within 1 year, 36.6% (95% CI: 35.5–37.7) of
the patients were dead.

Compared with users of sulfonylureas, we found lower
crude risks of mortality among patients using metformin
(30 day HR: 0.55, 95% CI: 0.43–0.71) or any combination
(30 day HR: 0.85, 95% CI: 0.73–0.98). In contrast, the crude
30 day HRs were 1.10 (95% CI: 0.97–1.24) and 0.99 (95%
CI: 0.88–1.11) for users of insulin and patients not receiving
pharmacotherapy, respectively, compared with users of
sulfonylureas. After adjustment for differences in covariates,
we found no differences between the glucose-lowering drugs
in monotherapy i.e. the 30 day adjusted HRs for the use of
metformin and insulin were 0.85 (95% CI: 0.40–1.81) and
1.05 (95% CI: 0.63–1.76), but the use of any combination
was associated with an increased risk of mortality compared
with use of sulfonylureas (adjusted 30 day HR: 1.43, 95% CI:
0.98–2.09) (Table 2). The highest risk estimate was found
among users of the triple combination with sulfonylurea,
metformin and insulin (adjusted 30 day HR: 1.79, 95% CI:
0.65–4.95), but we found no differences in mortality rate
when comparing use of the different types of combination
(p=0.33). When estimating the 1 year HRs, we found
similar results (Table 2).

For most treatments, the association was similar among
men and women. However, among women the use of

metformin was associated with a lower mortality rate than
the use of sulfonylureas (adjusted 30 day HR: 0.51, 95%
CI: 0.25–1.04; adjusted 1 year HR: 0.49, 95% CI: 0.30–
0.79), whereas among men the risk appeared to be
increased (adjusted 30 day HR: 1.80, 95% CI: 0.91–3.56;
adjusted 1 year HR: 1.82, 95% CI: 1.25–2.64).

The results were similar when estimating the HRs based
on drug use 180 days prior to MI.

New MI and heart failure Within 1 year of follow-up, 8.4
and 9.6% of the patients were readmitted with a new MI
and heart failure, respectively. We found no substantial
differences in the risks of new MI or heart failure between
users of the different glucose-lowering treatments (Table 3),
nor were there any differences in risk of new MI (p=0.75)
or heart failure (p=0.28) among users of the different types
of combination.

The results were similar when estimating the HRs based
on drug use 180 days prior to MI.

Subanalysis including biochemical parameters In the
North Jutland and Aarhus County subcohort, data on
HbA1c and admission blood glucose levels were available
for 1,027 patients with MI. We examined the effect of the
intensity of glycaemic control among this subset of patients,
although with a much weaker statistical precision. The
HbA1c and admission blood glucose levels had only minor
effects on the risk estimates, i.e. further adjustment for
these parameters changed the estimates by only 1 to 6%.
Thus compared with use of sulfonylureas, the adjusted HR
of 30 day mortality rate was 1.90 (95% CI: 0.68–5.32) for
use of any combination. After further adjustment for HbA1c

and blood glucose, the adjusted HR of 30 day mortality rate
was 1.83 (95% CI: 0.65–5.13). A similar pattern was found
when estimating the 1 year HRs.

We found significant differences in the levels of CK-MB
(p=0.0001) and troponin T (p=0.0001) between the users of
different glucose-lowering treatments (Table 1). The highest
levels were found among users of sulfonylureas and insulin,
probably reflecting a larger infarct size in these patients.

Discussion

In this large population-based follow-up study, we found no
substantial differences in the prognosis following hospital-
isation with MI among patients with type 2 diabetes mellitus
using different glucose-lowering drugs in monotherapy.
However, use of any combination of glucose-lowering drugs
was associated with an increased mortality rate.

The main strength of this study is the use of nationwide
population-based registries with complete follow-up both
during and after hospitalisation. As these data sources
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Fig. 1 Kaplan–Meier curves of 1 year all-cause mortality rate after
hospitalisation with myocardial infarction (MI) according to use of
glucose-lowering treatments in the 90 days prior to hospitalisation.
Green line, insulin; black line, no pharmacotherapy; red line,
sulfonylureas; orange line, any combination; blue line, metformin
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comprise complete population data, our results reflect the
daily clinical practice in Denmark. Further, the use of
nationwide registries with prospectively collected data
minimises the risk of both selection and information bias.
Another advantage is the ability to adjust for the wide range
of possible confounding factors collected independently of
hospitalisation with MI through access to the different
medical registries.

The validity of our estimates depends on the accuracy of
the registries. However, the validity of the hospital discharge
diagnoses used to identify our study population of MI
patients seems high [22], and the combined use of the
Danish National Patient Registry and the Register of
Medicinal Product Statistics to identify patients with
diabetes mellitus has proven to be of high quality and
nearly complete [23].

As we used the redemption of a prescription as a proxy
for compliance, we may have overestimated actual expo-
sure. Further, the lack of information on non-hospitalised
MI cases, including patients who die before reaching the
hospital, might introduce selection bias, if users of one
particular glucose-lowering treatment were more likely to
die from MI before hospitalisation.

Finally, despite our adjustment for a wide range of
confounding factors, including intensity of the antiglycae-
mic treatment, we cannot entirely rule out the possibility of
residual or unmeasured confounding related to differences
in in-hospital treatment for MI, diet, smoking and obesity.
In contrast, it could be argued that not all covariates should
be considered true confounding factors, but rather interme-
diate steps in the association between use of a specific drug
and prognosis (e.g. HbA1c). We may in theory have
underestimated the real effect by adjusting for the covar-
iates. However, in reality neither measures of intensity of
glycaemic control, nor duration of diabetes nor other
possible ‘intermediate step covariates’ had any substantial
impact on the adjusted risk estimates.

Our results are consistent with a number of other studies
on both short- and long-term mortality rate after admission
with MI. Two studies found that the type of diabetes
treatment in monotherapy at discharge had no significant
association with 28 day [4] and 1 year mortality rate [5].
One of these also found similar risk of readmission with MI
or heart failure within 1 year among MI patients discharged
on metformin and non-insulin sensitisers (sulfonylureas or
insulin) [5]. Another study showed no differences in long-
term (>3 years) survival rate between patients treated with
sulfonylureas prior to MI and those receiving any other
glucose-lowering treatments (diet, insulin or metformin
and/or acarbose) [6]. Further, in agreement with our
finding, an increased mortality rate has also previously
been found among users of combination therapy (sulfonyl-
ureas and metformin) when compared with patients treated

with diet, whereas no increased mortality rate was found
among users of the drugs in monotherapy [14].

Recently, we found some indications of variation in
30 day mortality rates after MI among users of different
glucose-lowering treatments [7]. However, the study was
small (patients with diabetes n=867) with few data on
confounding factors, making it difficult to interpret the size
of the variation.

Other studies have also implied that use of specific
glucose-lowering drugs is associated with an adverse prog-
nosis among patients with previous coronary artery disease.
Both sulfonylureas [3, 8, 9], metformin [9, 10] and insulin
[9, 11–13] have been associated with increased mortality rate
compared with diet. However, this might reflect a longer
duration of diabetes and thus a more advanced stage of
diabetes and/or a poorer glycaemic control among users of
these drugs, rather than actual drug effects.

The finding that metformin carried a significantly lower
risk in women than in men remains unexplained and may
be due to chance. However, it has recently been reported
that high proinsulin levels (which are reduced by metformin
[24]) are pro-atherosclerotic in women, but not in men [25],
and this might provide at least some explanation for our
finding.

Although this study has shown similar effects of different
glucose-lowering drugs in monotherapy prior to MI on the
prognosis after the MI, concerns about differences in the risk
of developing cardiovascular disease, including MI, among
users of different glucose-lowering drugs remain [7, 26–29].

In conclusion, the prognosis after MI does not seem to vary
substantially according to the glucose-lowering drugs used in
monotherapy prior to MI. However, use of any combination
seems to be related to an increased mortality rate.
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Abstract

Background The cardiovascular safety, including risk of myocardial
infarction (MI), of individual sulfonylureas (SUs) may differ. It remains
uncertain whether treatment with individual SUs influences prognosis
following MI.

Methods We conducted a nationwide population-based follow-up study
among all Danish patients hospitalized with first-time MI from 1996 to 2004.
From the national health databases, we identified 3930 MI patients who
used SUs at the time of admission. We computed mortality rates and rates
of MI and heart failure readmission according to type of SU and used Cox’s
proportional hazards regression analysis to compute hazard ratios (HRs) as
estimates of relative risk controlling for differences in prognostic covariates.

Results The 30-day and 1-year mortality after MI among SU users was
22.0% and 35.3%, respectively. We found no substantial differences in 30-
day and 1-year mortality among users of different SUs. Use of gliclazide in
monotherapy showed a trend towards lower mortality; adjusted HR of 1-year
mortality 0.70 (95% CI: 0.48–1.00). Users of the different SUs appeared to
have similar risks of new MI and heart failure following MI.

Conclusions The prognosis after MI was not substantially influenced by the
choice of SU. Copyright  2009 John Wiley & Sons, Ltd.

Keywords sulfonylureas; myocardial infarction; epidemiology; prognosis; type
2 diabetes mellitus

Introduction

Sulfonylureas (SUs) remain a mainstay for treatment of patients with type 2
diabetes mellitus. However, the University Group Diabetes Program reported a
possibly increased cardiovascular mortality after 5–8 years use of tolbutamide
compared with insulin and placebo [1].

The cardiovascular safety of SUs has subsequently been examined in
several trials and observational studies [2–17] with conflicting results.
Thus, some studies suggest that SUs are detrimental to the heart
[7–9,15,16], some suggest a decreased cardiac mortality with SUs [4]
and some suggest that SUs are neutral in this respect [2,3,5,6,10–14,17].
The inconsistencies, which preclude firm conclusions about the safety
of SUs, may be related to insufficient numbers of outcomes and other
methodological limitations in some of the studies, but may also reflect

Copyright  2009 John Wiley & Sons, Ltd.
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that differences in safety may exist when comparing
individual SUs.

The different pharmacological properties of individual
SUs could potentially cause differences in prognosis
after myocardial infarction (MI) [18]. We have recently
reported lower risk of MI among users of gliclazide
and glimepiride compared with users of glibenclamide,
glipizide and tolbutamide. Users of gliclazide and
glimepiride also had a lower 30-day mortality rate
(25.0% vs 33.8%) after MI compared with users of
glibenclamide, glipizide and tolbutamide. In particular,
gliclazide appeared to be associated with reduced
mortality (9.5%) [19]. However, the study was small
(Number of patients using SUs = 361) with few data on
confounding factors. Since any increased cardiovascular
mortality may have major clinical implications, we
examined the prognosis after MI among users of different
SUs in a large nationwide Danish follow-up study.

Materials and methods

Setting and design

The study drew on health care databases covering the
entire Danish population (approximately 5.3 million).
The tax-supported Danish National Health Service
provides all inhabitants with free access to general
practitioners and hospitals and refunds a variable
proportion of prescription medication costs. The Danish
Civil Registration System keeps records on gender, date of
birth, change of address, date of emigration and changes
in vital status since 1968 [20]. The records carry a 10-
digit civil registration number (CRN), assigned to every
Danish citizen and used in all Danish registers, enabling
unambiguous record linkage between them. The CRN
enabled us to establish, for each individual under study,
a complete hospital and prescription history since 1995.

Patients with MI

The Danish National Patient Registry [21] collects data
on all hospitalizations from Danish hospitals since 1977,
including dates of admission and discharge, procedure(s)
performed and up to 20 discharge diagnoses coded by
physicians according to the International Classification
of Diseases (8th revision [ICD-8] until the end of 1993
and 10th revision [ICD-10] thereafter). From the registry,
we identified patients with a first-time primary discharge
diagnosis of MI (ICD-10 codes I21.0–I21.9) hospitalized
between 1 January, 1996, and 30 November, 2004.

Use of SUs

The Register of Medicinal Product Statistics contains
data from 1995 on all prescription drugs dispensed at
all Danish pharmacies, including patients’ CRN, type of

drug according to the anatomical therapeutic chemical
classification system and date of dispensing the drug.

In Denmark, SUs are available by prescription only. We
traced all prescriptions for SUs among MI patients before
admission for MI. Patients who had filled at least one
prescription for SUs within 90 days before hospitalization
were classified as users of tolbutamide, glibenclamide,
glipizide, glimepiride or gliclazide. Patients with prescrip-
tions for more than one SU drug within the 90 days
were excluded. Patients were also classified based on
whether they received SUs exclusively (monotherapy) or
used them in combination with other oral anti-diabetic
treatment or insulin.

To further estimate the level of exposure, we classified
the patients according to their total number of filled pre-
scriptions for SUs before hospitalization for MI and catego-
rized the number of filled prescriptions based on tertiles.
We considered patients to be first-time SU users if they
filled their first prescription within 90 days before hos-
pitalization with MI. We also identified prescriptions for
SUs filled within 1 year after the hospitalization with MI.

Endpoints

The endpoints were 30-day and 1-year all-cause mortality,
readmission with new MI or heart failure within 1 year
after admission with MI. Mortality was ascertained from
the Civil Registration System; readmission with new MI
(ICD-10 codes: I21 and I22) or heart failure (ICD-10
codes: I11.0, I13.0, I13.2, I25.5, I42.0, I42.6, I42.7, I42.8,
I42.9, I50.0, I50.1 and I50.9) was ascertained from the
patient registry. Readmission with MI within 28 days of
the original MI was not considered a new case [22].

Covariates

We obtained data on covariates from the patient registry
and the Register of Medicinal Product Statistics, the
Integrated Database for Labour Market Research at
Statistics Denmark [23] and, for a subset, data from
the Laboratory Information System in Aarhus and North
Jutland Counties.

Based on discharge diagnoses, we computed, for each
patient, the Charlson co-morbidity index score [24]. The
index covers 19 major disease categories, including dia-
betes mellitus, MI, heart failure, cerebrovascular diseases
and cancer, weighted according to their impact on patient
survival. We excluded MI and diabetes mellitus from
the index calculations. We also obtained information on
previous diagnoses of hypertension, coronary revascular-
ization procedures (percutaneous coronary intervention
and coronary artery bypass graft), alcoholism-related
diseases and diabetes complications (i.e. retinopathy,
nephropathy and neuropathy). Also subsequent coronary
revascularization procedures were obtained.

We identified all prescriptions for cardiovascular drugs
(anti-hypertensive drugs, lipid-lowering drugs, platelet

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 515–522.
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inhibitors and vitamin K antagonists) and hormone
replacement therapy (HRT) filled before admission for
MI. As the use of these drugs may change following
admission with MI, we also identified prescriptions filled
within 1 year after the admission for MI.

As the proportion of users of different SUs changed
during the study period thereby inducing a risk of
comparing patients from different calendar periods when
comparing users of different SUs, we also included the
calendar time of hospitalization in the analyses.

We estimated the duration of diabetes as the period
since the earliest prescription for any anti-diabetic drug
or the earliest diabetes diagnosis and categorized the
duration in three groups; ≤5 years, 5–10 years and
>10 years. Finally, based on data from the Integrated
Database for Labour Market Research, we classified the
patients according to socioeconomic status (employed,
pensioner or other) in the year before admission for MI.
Of the 3930 users of SUs, 77 patients had missing data
on socioeconomic status and were excluded from the
analyses.

Biochemical data reflecting the intensity of hypo-
glycemic treatment and the extent of myocardial damage
following admission with MI were available from the
biochemical information system for all tests analysed in
North Jutland and Aarhus Counties (covering a popula-
tion of approximately 22% of the total Danish population),
including data on tests from all the county’s hospitals and
general practices. The databases were initiated in 1992
in North Jutland and in 1990 in Aarhus, but were first
complete from 1997 in North Jutland and 1996 in Aarhus.
We retrieved data on hemoglobin A1c (HbA1c), blood glu-
cose, troponin T and creatine kinase MB (CK-MB). We
used the latest measurement of HbA1c within 180 days
before admission and 7 days after the admission, the high-
est level of blood glucose, troponin T and CK-MB on the
day of admission or the following day.

Statistical analyses

Follow-up began on the date of admission with MI and
ended on the date of admission with new MI or heart
failure (only in analyses on risk of new MI or heart
failure, respectively), death, emigration or after 30 days/1
year. We computed Kaplan-Meier curves for users of the
different SUs and computed the cumulative 30-day and
1-year mortality.

We used Cox’s proportional hazards regression analysis
(with the Efron approximation to handle tied survival
times) to compute hazard ratios (HRs) as estimates of
the relative risks for each outcome. We included all the
covariates in the model; use of cardiovascular drugs, HRT
and coronary revascularization procedures after MI were
treated as time-dependent covariates.

Furthermore, using Wald tests, we tested whether the
association between numbers of filled prescription for
individual SUs and the outcomes followed a linear trend.
The MI patients receiving tolbutamide served as reference

group in the outcome analyses comparing different SUs.
When analyzing the effect of different exposure levels of
the individual SU drug, patients with the lowest level of
exposure served as the reference group.

Prescriptions for SUs in Denmark are usually issued
for 3 months, but may be issued for up to 6 months. We
therefore also analysed the data based on drug use within
180 days before hospitalization.

Differences between SU users in troponin T and CK-MB
levels, which may reflect infarct size [25], were assessed
by Kruskal-Wallis tests. We analysed data with Stata 8.2
(StataCorp LP, TX, USA) and with version 9.13 of the SAS
software (SAS Institute Inc., Cary, NC, USA).

Results

Of the 72 295 patients with MI during the study period,
4005 (5.4%) had filled prescriptions for SUs within
90 days before hospitalization. We excluded 75 patients
who had received prescriptions for more than one
SU drug within 90 days before hospitalization. Of the
remaining 3930 patients, 514 (13.1%) were treated with
tolbutamide, 1,329 (33.8%) with glibenclamide, 672
(17.1%) with glipizide, 1,160 (29.5) with glimepiride
and 255 (6.5%) received gliclazide. Users of the different
SUs differed in age, duration of diabetes, the Charlson
co-morbidity index score, prevalence of hypertension and
former revascularization; numbers of filled prescriptions
for cardiovascular drugs (anti-hypertensive drugs, platelet
inhibitors, vitamin K antagonist and lipid-lowering drugs),
HRT and other anti-diabetic drugs (metformin and
insulin); and socioeconomic status and the intensity
of glycaemic control (HbA1c and blood glucose levels)
(Table 1). For users of all SUs, approximately 80% of
30-day survivors continued with the same SU drug until
end of follow-up.

All-cause mortality

Cumulative crude mortality curves for users of the
different SUs are shown in Figure 1. Users of glimepiride
and gliclazide appeared to have the lowest mortality.

Of 3853 patients with MI, 846 (22.0%; 95% CI:
20.7–23.3%) died within 30 days after admission.
Mortality ranged from 17.9% among users of glimepiride
to 26.7% among users of tolbutamide. Within 1 year,
35.3% (95% CI: 33.7–36.9) of the MI patients had died,
ranging from 29.6% among users of gliclazide to 41.1%
among users of tolbutamide.

Table 2 shows the 30-day and 1-year HRs among users
of the different SUs compared with users of tolbutamide.
After adjustment for differences in covariates, the HRs
shifted towards unity and there were no major differences
between the SUs. We found the lowest mortality among
users of gliclazide: adjusted HR of 30 day and 1 year were
0.84 (95% CI: 0.60–1.18) and 0.79 (95% CI: 0.59–1.05),

Copyright  2009 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2009; 25: 515–522.
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Table 1. Descriptive characteristics of patients with type 2 diabetes mellitus using different sulfonylureas hospitalized with a first-time
myocardial infarction (MI) in Denmark during the period 1996–2004

Tolbutamide
(N = 514)

Glibenclamide
(N = 1329)

Glipizide
(N = 672)

Glimepiride
(N = 1160)

Gliclazide
(N = 255)

Characteristica n (%) n (%) n (%) n (%) n (%)

Age in years, median (range) 76.9 (37–100) 73.9 (40–100) 73.8 (38–98) 73.0 (36–96) 73.8 (39–97)
Sex (males) 294 (57.2) 763 (57.4) 393 (58.5) 701 (60.4) 153 (60.0)
Calendar period

1996–1998 239 (46.5) 578 (43.5) 281 (41.8) 85 (7.3) 63 (24.7)
1999–2001 170 (33.1) 449 (33.8) 212 (31.6) 382 (32.9) 86 (33.7)
2002–2004 105 (20.4) 302 (22.7) 179 (26.6) 693 (59.8) 106 (41.6)

Duration of diabetes mellitus
≤5years 275 (53.5) 699 (52.6) 387 (57.6) 708 (61.0) 142 (55.7)
5–10 years 171 (33.3) 425 (32.0) 195 (29.0) 336 (29.0) 81 (31.8)
>10 years 68 (13.2) 205 (15.4) 90 (13.4) 116 (10.0) 32 (12.6)

Charlson’s co-morbidity index
0 239 (46.5) 681 (51.2) 347 (51.6) 542 (46.7) 138 (54.1)
1–2 211 (41.0) 527 (39.7) 254 (37.8) 454 (39.1) 93 (36.5)
≥3 64 (12.5) 121 (9.1) 71 (10.6) 164 (14.2) 24 (9.4)

Discharge diagnoses
Hypertension 386 (75.1) 981 (73.8) 491 (73.1) 923 (79.6) 191 (74.9)
Alcoholism 12 (2.3) 30 (2.3) 18 (2.7) 36 (3.1) 10 (3.9)
Former revascularization 15 (2.9) 34 (2.6) 12 (1.8) 46 (4.0) 12 (4.7)
Retinopathy 38 (7.4) 101 (7.6) 47 (7.0) 59 (5.1) 20 (7.8)
Nephropathyb 25 (4.9) 53 (4.0) 19 (2.8) 51 (4.4) 7 (2.8)
Neuropathy 31 (6.0) 58 (4.4) 30 (4.5) 74 (6.4) 14 (5.5)

Prescription for the drugc

Antihypertensive drugs 382 (74.3) 966 (72.7) 479 (71.3) 915 (78.9) 191 (74.9)
Platelet inhibitors 79 (15.4) 267 (20.1) 146 (21.7) 286 (24.7) 62 (24.3)
Vitamin K antagonists 19 (3.7) 32 (2.4) 20 (3.0) 56 (4.8) 12 (4.7)
Lipid-lowering drugs 49 (9.5) 124 (9.3) 80 (11.9) 272 (23.5) 48 (18.8)
Hormone replacement therapy 42 (8.2) 88 (6.6) 61 (9.1) 138 (11.9) 30 (11.8)
Metformin 94 (18.3) 396 (29.8) 208 (31.0) 325 (28.0) 69 (27.1)
Insulin 10 (2.0) 48 (3.6) 26 (3.9) 71 (6.1) 16 (6.3)
Other oral anti-diabetic drugs 4 (0.8) 39 (2.9) 16 (2.4) 31 (2.7) 9 (3.5)

Socioeconomic statusd

Employed 47 (9.4) 140 (10.8) 70 (10.6) 169 (14.8) 25 (10.0)
Pensioner 444 (88.4) 1,122 (86.4) 567 (86.0) 935 (81.7) 219 (87.6)
Other 11 (2.2) 36 (2.8) 22 (3.4) 40 (3.5) 6 (2.4)

Laboratory datae

HbA1c (%), median (range)f 7.3 (5.0–9.9) 8.1 (1.0–13.8) 7.8 (5.5–12.5) 7.4 (5.1–13.2) 7.3 (5.1–11.7)
Blood glucose (mmol/L), median (range)g 12.5 (5.0–29.2) 13.9 (5.1–48.4) 13.5 (4.8–34.1) 12.9 (4.7–34.4) 12.9 (3.9–29.8)
Troponin T (µg/L), median (range)h 1.4 (0.03–25) 1.3 (0.01–64) 1.2 (0.03–26) 1.5 (0.01–55) 1.00 (0.01–9)
Creatinkinase MB (µg/L), median (range)i 25.2 (0.8–771) 34.1 (2.0–556) 49.4 (3.3–500) 46.7 (1.9–1746) 57.5 (7.9–466)

aAll variables are shown as number (%) except for age, which is shown as median (range).
bAlso included in the Charlson index.
cReceived a prescription within 90 days (platelet inhibitors, vitamin K antagonists, metformin, insulin and other anti-diabetic drugs) or ever (all others)
before admission for MI.
dThe year before admission for MI.
eData only available for patients from North Jutland and Aarhus Counties.
fMeasured within 180 days before admission and 7 days after the admission with MI [N = 522, (NTolbutamide = 42, NGlibenclamide = 212, NGlipizide = 62,
NGlimepiride = 161 and NGliclazide = 45)].
gHighest measurement at the day of admission [N = 627, (NTolbutamide = 47, NGlibenclamide = 257, NGlipizide = 80, NGlimepiride = 195 and NGliclazide = 48)].
hHighest measurement at the day of admission or the following day [N = 443, (NTolbutamide = 34, NGlibenclamide = 155, NGlipizide = 48, NGlimepiride = 173
and NGliclazide = 33)].
iHighest measurement at the day of admission or the following day [N = 317, (nTolbutamide = 27, NGlibenclamide = 101, NGlipizide = 30, NGlimepiride = 136
and NGliclazide = 23)).

respectively and 0.97 (95% CI: 0.65–1.44) and 0.70 (95%
CI: 0.48–1.00), when restricting to monotherapy.

Except for users of gliclazide, the number of filled
SU prescriptions per patient was not associated with
mortality. For users of gliclazide, a decreased mortality
was observed with increasing numbers of filled pre-
scriptions; the adjusted 30-day HRs was 0.52 (95% CI:
0.25–1.10) among patients who had filled 8–20 gli-
clazide prescriptions and was 0.28 (95% CI: 0.12–0.68)

among those with more than 20 gliclazide prescriptions,
as compared with patients who had filled 1–7 gliclazide
prescriptions only (p = 0.004).

New MI and heart failure

Within 1 year of follow-up, 285 (8.3%) of the patients
were readmitted with a new MI and 329 (9.5%) were
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Figure 1. Kaplan-Meier curves of crude 1-year mortality
after admission for myocardial infarction (MI) according to
use of different sulfonylureas (SUs) within 90 days before
hospitalization. 254 × 190 mm (96 × 96 DPI)

readmitted due to heart failure. No clear differences in
the risk of new MI or heart failure were found between
the individual SUs (Table 3). The number of filled SU
prescriptions did not appear to influence the risk of
developing either new MI or heart failure. Results for
new MI, heart failure and all-cause mortality were similar
after restricting the analyses to first-time users and when
estimating the HRs based on SU use 180 days before MI.

Sub-analysis including biochemical
parameters

Data on HbA1c and glucose levels were available on
456 patients in the North Jutland and Aarhus Counties
subcohort. Among this subset of patients, we found no
substantial differences in prognosis between the use of

different SUs, and further adjustment for HbA1c and blood
glucose levels yielded similar results for all SUs.

There were no significant differences in the levels of
CK-MB (p = 0.98) or troponin T (p = 0.98) between MI
patients treated with different SUs, suggesting that type
of SU did not affect infarct size.

Discussion

In this large nationwide study, we found no substantial
differences in mortality and risk of recurrent MI or heart
failure among users of different SUs with a first-time
hospitalization for MI.

The accuracy of our findings depends on the
comparability of the groups and on the validity
of the prescription and hospitalization data [26].
The population-based design and complete follow-up
minimize selection biases. The use of prospective and
routine data enables valid identification of patients
with MI collected independently of the study hypothesis
[27]. Furthermore, the health registries contain detailed
information on diabetes, related complications, co-
morbidities and co-medications, and for a sub-sample,
also biochemical data. Any inaccuracy of the data will
lead to residual confounding and underestimation of the
real effect.

The limitations of our study include lack of information
on non-hospitalized cases of MI, including patients
who died before reaching the hospital. If users of
some of the SUs were more likely to die from MI
before hospitalization, a selection bias would ensue.
Unaccounted confounding by indication (i.e. due to
prescription of specific SUs according to perceived
cardiovascular risk) is another possible limitation that
should always be considered in pharmacoepidemiological
studies. However, there are no national or international
guidelines recommending use of specific SU in patients

Table 2. Crude and adjusted 30-day and 1-year hazard ratios (HRs) with 95% CI for death after first-time hospitalization with
myocardial infarction (MI) according to use of sulfonylureas (SUs) within 90 days before hospitalization

Anti-diabetic
medication Na

Deaths within
30 days

Mortality
within 30 days

Adjusted HRb

(95% CI) Nc
Deaths within

1 year
Mortality

within 1 year
Adjusted HRb

(95% CI)

Tolbutamide (all) 502 134 26.7% 1.00 (reference) 472 194 41.1% 1.00 (reference)
Glibenclamide (all) 1298 311 24.0% 0.98 (0.80–1.20) 1,238 453 36.6% 0.97 (0.82–1.16)
Glipizide (all) 659 150 22.8% 0.94 (0.74–1.19) 616 230 37.3% 0.99 (0.82–1.20)
Glimepiride (all) 1144 205 17.9% 0.90 (0.71–1.14) 906 274 30.3% 0.87 (0.71–1.06)
Gliclazide (all) 250 46 18.4% 0.84 (0.60–1.18) 216 64 29.6% 0.79 (0.59–1.05)
Tolbutamide (mono) 399 103 25.8% 1.00 (reference) 376 153 40.7% 1.00 (reference)
Glibenclamide (mono) 851 205 24.1% 1.03 (0.81–1.31) 817 300 36.7% 0.99 (0.81–1.20)
Glipizide (mono) 426 109 25.6% 1.08 (0.83–1.42) 401 159 39.7% 1.07 (0.85–1.34)
Glimepiride (mono) 752 142 18.9% 0.98 (0.74–1.29) 604 192 31.8% 0.92 (0.73–1.16)
Gliclazide (mono) 162 33 20.4% 0.97 (0.65–1.44) 140 37 26.4% 0.70 (0.48–1.00)

aThe total number of users is lower than in Table 1, because we excluded 77 subjects with missing information on socioeconomic status.
bAdjusted for age, sex, calendar period, duration of diabetes, level of co-morbidity (measured by the Charlson index), socioeconomic status, discharge
diagnoses of hypertension, former and subsequent revascularization, alcoholism, retinopathy and neuropathy, and prescriptions for platelet inhibitors,
vitamin K antagonists, lipid-lowering agents and hormone replacement therapy (HRT) before the date of hospitalization for MI, and time-dependent
cardiovascular treatment and HRT after the date of hospitalization for MI. For the analyses with SU in combination therapy, there is also adjusted for
the type of combination therapy (i.e. metformin, insulin and/or other oral anti-diabetic drugs).
cThe total number of users is lower than in Table 1, because we excluded all admissions in 2004 and subjects with missing information on
socioeconomic status.
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Table 3. Crude and adjusted 1-year hazard ratios (HRs) with 95% CI for new myocardial infarction (MI) and heart failure after
first-time hospitalization with MI according to use of sulfonylureas (SUs) within 90 days before hospitalization

Anti-diabetic medication Na
New MI

within 1 year
Adjusted HRb

(95% CI)
Heart failure
within 1 year

Adjusted HRb

(95% CI)

Tolbutamide (all) 472 34 7.2% 1.00 (reference) 46 9.8% 1.00 (reference)
Glibenclamide (all) 1238 112 9.1% 1.32 (0.89–1.95) 111 9.0% 0.88 (0.62–1.25)
Glipizide (all) 616 47 7.6% 1.07 (0.68–1.68) 52 8.4% 0.87 (0.58–1.30)
Glimepiride (all) 906 71 7.8% 1.00 (0.65–1.54) 93 10.3% 0.94 (0.65–1.37)
Gliclazide (all) 216 21 9.7% 1.26 (0.72–2.19) 27 12.5% 1.12 (0.69–1.82)
Tolbutamide (mono) 376 29 7.7% 1.00 (reference) 34 9.0% 1.00 (reference)
Glibenclamide (mono) 817 72 8.8% 1.25 (0.81–1.95) 74 9.1% 1.00 (0.66–1.51)
Glipizide (mono) 401 26 6.5% 0.94 (0.55–1.61) 32 8.0% 0.94 (0.58–1.53)
Glimepiride (mono) 604 46 7.6% 0.93 (0.55–1.54) 64 10.6% 1.20 (0.77–1.88)
Gliclazide (mono) 140 13 9.3% 1.07 (0.55–2.08) 16 11.4% 1.10 (0.60–2.01)

aThe total number of users is lower than in Table 1, because we excluded all admissions in 2004 and subjects with missing information on
socioeconomic status.
bAdjusted for age, sex, calendar period, duration of diabetes, former use of anti-diabetic treatment, level of co-morbidity (measured by the Charlson
index), socioeconomic status, discharge diagnoses of hypertension, former and subsequent revascularization, alcoholism, retinopathy and neuropathy,
and prescriptions for platelet inhibitors, vitamin K antagonists, lipid-lowering agents and hormone replacement therapy (HRT) before the date of
hospitalization for MI, and time-dependent cardiovascular treatment and HRT after the date of hospitalization for MI. For the analyses with SU in
combination therapy, there is also adjusted for the type of combination therapy (i.e. metformin, insulin and/or other oral antidiabetic drugs).

at high cardiovascular risk. Furthermore, extensive
efforts were made in our study to account for possible
confounding, which resulted in adjusted risk estimates
closer to unity. This makes it unlikely that removing
any possible remaining confounding would change
the overall conclusion of no substantial differences in
prognosis among users of different SUs. Changes in the
treatment did occur during hospitalization or following
discharge, which may have caused some misclassification
of drug use. However, the hypoglycemic treatment was
only changed in a minor proportion of the patients
during the follow-up period. Thus, approximately 80%
of the 30-day survivors continued with the same
SU until end of follow-up. In contrast, changes in
cardiovascular co-medication did occur during follow-up.
We accounted for this by including the prescriptions for
cardiovascular medication and HRT after hospitalization
as time-dependent covariates in the Cox regression
analysis.

We cannot rule out possible unmeasured confounding,
including in-hospital treatment for MI, smoking or obesity.
However, we have no indication that these factors
should be of importance since adjustment for concomitant
treatments or ailments were neutral. Finally, we did not
have information on the compliance with the prescribed
SUs, thereby we may have overestimated the actual
exposure to these drugs.

Our results do not agree with our earlier finding of a
significant lower mortality among users of gliclazide and
glimepiride compared with glibenclamide, glipizide and
tolbutamide [19], or the recent Italian cohort studies
in which the use of gliclazide was associated with
a significant lower all-cause mortality in comparison
with use of glibenclamide [28,29]. Prescription patterns
varied over time in our cohort and thus the increased
use of glimepiride and gliclazide in later periods was
accompanied by other changes in the overall care of
patients, including more frequent uses of statins and
anti-hypertensives and more aggressive treatment goals.

However, we did find lower crude mortalities among users
of gliclazide and glimepiride, but these differences were
at least partly due to the fact that the patients using these
drugs were younger, filled their SU prescription in the
more recent calendar period (with better coronary care),
had lesser co-morbidity and as stated above, they filled a
higher number of prescriptions for cardiovascular drugs.
After adjustment for these confounding factors, we only
found a non-significant trend towards lower mortality
with gliclazide.

As the pharmacological properties between the SUs
differ, a potential difference in the prognosis may exist. SU
sensitive(KATP)-channels are present in cardiac myocytes,
and blocking them inhibits ischemic preconditioning
[30]. However, the pancreatic and cardiac channels are
composed of different isoforms of the SU receptors,
suggesting that different pharmacological effects of the
individual SUs may be determined by their receptor
affinities. Glibenclamide and glimepiride have a high
affinity for cardiac receptors compared with tolbutamide
and gliclazide [31]. Furthermore, only glibenclamide has
been shown to inhibit ischemic preconditioning [32–35],
whereas gliclazide [32,36], glipizide [33] and glimepiride
[34,37,38] maintain it. Here, we found no consistent
association between the level of receptor affinity and
the prognosis after MI, however, gliclazide with the
greatest selectivity for the pancreatic β-cell receptors
[39,40] was associated with the lowest unadjusted
mortality. Furthermore, we found lower risk estimates
with increasing numbers of prescriptions among users of
gliclazide. Besides the effect on ischemic preconditioning,
numerous other mechanisms may be SU-dependent,
including enhanced fibrinolysis and reduced platelet
activity and oxidative stress [41,42].

In this population, the overall mortality rate with SUs
was comparable to that seen with metformin and insulin
[43], suggesting that other treatments and procedures
during MI are of greater importance than the choice
of anti-glycaemic drug for the prognosis. However, the
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mortality after MI among the diabetic patients remains
high compared with the mortality among all patients
admitted with MI in Denmark (28-day and 1-year
mortality in 2000 were 12.3% and 20.8%, respectively)
[44], though comparable to the mortality found in other
studies on patients with diabetes mellitus [5,12,14]. By
modern standards, the usage of lipid-lowering drugs
and anti-hypertensives in this cohort is sub-standard,
giving hope for a reduced mortality in the future. In
contrast with previous findings on the prognosis after
MI, we found no overall differences among users of
different SUs.
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 Abstract 

Background and Purpose: We examined whether type of preadmission antidiabetic 

treatment is associated with mortality and risk of readmission following hospitalization with 

ischemic stroke.  

Methods: We conducted a nationwide population-based follow-up study among all Danish 

patients hospitalized with ischemic stroke from 2003 to 2006 and registered in the Danish 

National Indicator Project. We obtained data on diabetes and type of antidiabetic treatment, 

patient characteristics, use of other medications, comorbidities, socioeconomic status, quality 

of in-hospital care, readmissions and death on all patients by linking medical databases. We 

computed mortality rates and rates of readmission with recurrent stroke or myocardial 

infarction according to type of antidiabetic treatment and used Cox’s proportional hazards 

regression analysis to compute hazard ratios (HRs) controlling for differences in prognostic 

covariates.  

Results: We identified 4,816 stroke patients with type 2 diabetes mellitus. We found lower 

30-day mortality rates among users of metformin (adjusted HR 0.32; 95% CI: 0.15-0.67), 

insulin (adjusted HR 0.50; 95% CI: 0.29-0.84), and among patients not receiving antidiabetic 

pharmacotherapy (adjusted HR 0.57; 95% CI: 0.36-0.91) compared with users of 

sulfonylureas. Users of any combination also had a lower mortality rate, but it did not reach 

statistical significance (adjusted HR 0.63; 95% CI: 0.33-1.20). In contrast, we found no 

significant differences when estimating the 1-year adjusted HRs. Compared with users of 

sulfonylureas, users of the all other types of antidiabetic treatments had increased risk of 

readmission, however the increased risk was only statistical significant in patients not treated 

with antidiabetic pharmacotherapy (adjusted HR 1.58; 95% CI: 1.04-2.42). 

Conclusions: Sulfonylureas may be associated with increased mortality after ischemic stroke, 

however the deleterious effect seems restricted to the acute phase following stroke. 
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Introduction 

Patients with diabetes mellitus have a higher mortality rate1-6 and recover more slowly after 

stroke when compared to nondiabetic patients.5 Patients with diabetes mellitus are also more 

prone to suffer a recurrent stroke and myocardial infarction.4  

It is likely that treatments aimed to improve glycaemic control in patients with diabetes 

mellitus will reduce the risk of cardiovascular complications, however the cardiovascular 

safety profile of the different antidiabetic treatments remain uncertain, not least in relation to 

stroke.  

 

Data regarding outcome in stroke patients using various types of antidiabetic treatments are in 

general sparse, however, the sulfonylureas (glibenclamide, glimepiride, or glibornuride) have 

drawn attention as use of these drugs have been linked with favorable neurological and 

functional outcomes compared with use of other antidiabetic treatments in two German small-

scale follow-up studies.7,8 In contrast, no clear association was found with initial stroke 

severity, in-hospital outcome, or mortality.8  

 

Since a large proportion of patients with type 2 diabetes mellitus suffer a stroke and are 

permanently dependent on their antidiabetic treatments, it is of great importance to clarify the 

risk associated with the different antidiabetic treatments.  

We therefore examined clinical outcome among patients with type 2 diabetes mellitus 

admitted with ischemic stroke using various types of antidiabetic treatment in a Danish 

nationwide population-based follow-up study. 
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Materials and Methods 

Setting and design 

This population-based follow-up study was conducted within the entire Danish population 

(approximately 5.3 million). 

The Danish National Health Service provides tax-supported health care for all inhabitants, 

guaranteeing free access to general practitioners and hospitals, and refunding a variable 

proportion of the prescription medication costs. The Danish Civil Registration System keeps 

electronic records on gender, date of birth, change of address, date of emigration, and changes 

in vital status since 1968.9,10 The records carry a unique 10-digit civil registration number, 

assigned to every Danish citizens, and used in all Danish registries, enabling unambiguous 

linkage between them. 

 

Patients with stroke 

The Danish National Indicator Project (DNIP)11 was established in 2000 as a nationwide 

quality improvement project. The project targets documentation, monitoring, and 

improvement of the quality of treatment and care for patients with eight specific diseases, 

including stroke. Data on quality of care and patient characteristics are collected prospectively 

upon hospital admission by the staff treating the patients, using a standardized registration 

form with strict data specifications. Participation in DNIP is mandatory for all hospitals and 

relevant clinical departments in Denmark that treat patients with the eight diseases in 

question.  

Patients 18 years of age or older are eligible for inclusion in the DNIP-stroke database if they 

are hospitalized with stroke according to the WHO criteria, i.e. rapidly developing symptoms 

and sign of focal or global neurological dysfunction of presumed vascular etiology lasting 

more than 24 hours or leading to death.12 From the DNIP-stroke database, we identified 
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patients with a first-time discharge diagnosis of ischemic stroke (ICD-10 I63, I64) recorded 

between January 1, 2003 and December 31, 2006.  

 

Antidiabetic treatment 

The Register of Medicinal Product Statistics contains data from 1995 on all prescription drugs 

dispensed at all Danish pharmacies, including patients’ civil registration numbers, type of 

drug according to the Anatomical Therapeutic Chemical (ATC) classification system, and 

date of dispensing the drug. In Denmark, antidiabetic drugs are available by prescription only. 

We traced all prescriptions for antidiabetic drugs among the stroke patients prior to admission 

for stroke. Users of glitazones, meglinitides and α-glucosidase inhibitors were excluded from 

the analyses due to low numbers of treated patients. Subjects who had used only one type of 

antidiabetic drugs in 90 days prior to hospitalization were categorised according to the 

antidiabetic drugs class: sulfonylureas, metformin, or insulin. Subjects who used more than 

one type of antidiabetic drugs during the 90 days prior to hospitalization were categorised as 

combined users, and divided according to the type of combination: sulfonylureas and 

metformin, sulfonylureas and insulin, metformin and insulin, or sulfonylureas, metformin and 

insulin.  

The Danish National Patient Registry13, established in 1977, collects data on all 

hospitalizations from non-psychiatric hospitals in the country, including dates of admission 

and discharge, surgical procedure(s) performed, and up to 20 discharge diagnoses assigned by 

the treating physician and coded according to the International Classification of Diseases (8th 

revision (ICD-8) until the end of 1993, and 10th revision (ICD-10) thereafter). Subjects with a 

diabetic diagnose since 1977 according to this registry (ICD-8 codes 249, 250, ICD-10 codes 

E10, E11, E14, G63.2, H36.0, N08.3) but not using any antidiabetic drugs during the 90 days 

prior to hospitalization were categorised as diabetic patients without pharmacotherapy.  
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For all patients, we also received information on their use of antidiabetic drugs before the 90 

days prior to admission for stroke as well as their use of antidiabetic drugs within 1-year after 

the admission. 

We classified the diabetic patients according to their type of diabetes; type 1 if they were less 

than 30 years by the time of the first prescription or diagnosis, received insulin monotherapy, 

and never had filled a prescription for an oral antidiabetic drug, and type 2 if they not received 

pharmacotherapy, or filled a prescription for an oral antidiabetic drug, or if they were older 

than 30 years at the time of first prescription or diagnosis, regardless of treatment. Patients 

with type 1 diabetes mellitus were excluded from the study. 

 

Endpoints 

The endpoints were 30-day and 1-year all-cause mortality, and readmission with recurrent 

ischemic stroke or myocardial infarction within 1-year after admission with ischemic stroke. 

Mortality was ascertained from the Civil Registration System; readmissions with a recurrent 

ischemic stroke (ICD-10 codes I63, I64) were ascertained from the DNIP-stroke, and 

readmissions with myocardial infarction (ICD-10 codes I21, I22) were ascertained from the 

Danish National Patient Registry.  

 

Covariates 

We obtained data on covariates from the DNIP-stroke, the Danish National Patient Registry, 

the Register of Medicinal Product Statistics, and the Integrated Database for Labour Market 

Research (IDA) at Statistics Denmark.14  

Based on discharge diagnoses from the Danish National Patient Registry, we computed, for 

each patient, the co-morbidity index score developed by Charlson et al.15 The index covers 19 

major disease categories, including diabetes mellitus, myocardial infarction, heart failure, 
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cerebrovascular diseases and cancer, weighted according to their impact on patient survival. 

The index has previously been adapted for use with hospital discharge registry data, and has 

been reported to be useful also among patients with stroke.16,17 Diabetes mellitus and ischemic 

stroke were excluded from the co-morbidity index calculations. We also obtained information 

on previous diagnoses of hypertension, coronary revascularization procedures (percutaneous 

coronary intervention and coronary artery bypass graft), alcoholism-related diseases, and 

diabetes complications (i.e. retinopathy, nephropathy, and neuropathy).  

We identified all prescriptions for cardiovascular drugs (antihypertensive drugs, lipid-

lowering drugs, platelet inhibitors, vitamin K antagonists), and hormone replacement therapy 

(HRT) filled before the date of admission for ischemic stroke. As the use of these drugs may 

change following admission with a first-time ischemic stroke, we also identified all 

prescriptions filled within 1-year after the admission for ischemic stroke.  

We estimated the duration of diabetes as the time since the earliest prescription for an 

antidiabetic drug or the earliest diabetes diagnosis and categorized the duration in three 

groups; ≤5 years, 5-10 years, >10 years.  

Based on data from IDA, we classified the patients according to gross income, educational 

level and employment status in the year prior to hospitalization with ischemic stroke. 

Finally, we received data on patient characteristics collected at the time of hospital admission 

from DNIP-stroke. These data included the Scandinavian Stroke Scale score, marital status, 

smoking habits, alcohol intake and if the patients fulfilled the specific quality of care criteria. 

The Scandinavian Stroke Scale score is used to assess the admission stroke severity. It is a 

validated and widely used neurologic stroke score in Scandinavia that evaluates the level of 

consciousness, eye movement, power in hand, arm and leg, orientation, aphasia, facial paresis 

and gait on a total score.18 The Scandinavian Stroke Scale score can be assessed reliably 

either face-to-face19 or from routine hospital admission records.20 A national expert panel 
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including physicians, nurses, physiotherapists, and occupational therapists identified 7 quality 

of care criteria covering the acute phase of stroke based on systematic search of the scientific 

literature.11 These criteria included early admission to a specialized stroke unit, early 

administration of antiplatelet or anticoagulant therapy, early examination with CT/MRI scan, 

and early assessment by a physiotherapist, and occupational therapist and of nutritional risk. 

The quality of in-hospital care during the acute phase, i.e. fulfillment of these criteria, have 

been linked with mortality21 and length of hospital stay,22 and as a measure for the in-hospital 

stroke care, we computed a variable containing the percentage of fulfilled criteria for each 

patient. From the DNIP-stroke database, we also obtained data on lifestyle factors including 

body mass index (BMI), smoking habits (never, daily, occasionally, former (quit more than ½ 

year prior to admission)), and alcohol intake (≤14/21, >14/21 drinks per week for women and 

men, respectively). 

 

Statistical analyses 

Follow-up began on the date of admission with ischemic stroke and ended on the date of 

admission with recurrent ischemic stroke or myocardial infarction (only in analyses on risk of 

readmissions), death, emigration, or after 30-days/1-year. We constructed Kaplan-Meier 

mortality curves for the antidiabetic treatments and computed the cumulative 30-day and 1-

year mortality.  

We used Cox’s proportional hazards regression analysis (with the Efron approximation to 

handle tied survival times) to compute hazard ratios (HRs) as estimates of the relative risks 

for each outcome. We included all the measured covariates; use of antidiabetic drugs, 

cardiovascular drugs, and HRT after stroke were treated as time-dependent covariates. The 

ischemic stroke patients receiving sulfonylureas served as the reference group in the primary 
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analyses. In the subanalyses, where we compared the different sulfonylureas, tolbutamide 

users served as the reference group.  

Multiple imputation was used to impute missing values for Scandinavian Stroke Scale Score, 

smoking habits, alcohol intake, BMI, marital status, and educational level. We generated five 

imputed data sets, and the HRs were then averaged across the five imputations, correcting for 

between- and within-imputation variation.23-25 Besides all measured covariates, we included 

the event indicator and the Nelson-Aalen estimator of the cumulative hazard to the survival 

time in the imputation model.26 However, for comparison, data set consisting of only 

complete records was also examined. 

Prescriptions for antidiabetic drugs in Denmark are usually issued for three months, but may 

be issued for up to six months. We therefore also analyzed the data based on drug use within 

180 days prior to hospitalization. 

We analyzed data with Stata 10.0 (StataCorp LP, College Station, TX, USA) and with version 

9.1.3 of the SAS software (SAS Institute Inc., Cary, NC, USA). 

 

 



 

 9

Results 

We identified 41,398 patients hospitalized with a first-time stroke during the study period. 

After excluding 3,174 patients with intracerebral hemorrhage, 5,020 (13.1%) of the remaining 

stroke patients had diabetes mellitus. We excluded all patients with type 1 diabetes mellitus 

(n=84), and due to low number of treated patients, users of meglitinides, glitazones and α-

glucosidase inhibitors (n=44) were also excluded. A total of 4,816 patients with type 2 

diabetes mellitus and ischemic stroke were available for analysis. Of these patients, 27.1% did 

not receive pharmacotherapy, 22.6% were treated with sulfonylureas, 11.7% with metformin, 

18.3% with insulin, and 20.3% with a combination. The main clinical characteristics of the 

patients according to antidiabetic treatment are presented in Table 1.  

 

Mortality 

Kaplan-Meier mortality curves for the different treatment groups are shown in Figure 1.  

Of the 4,816 patients, 536 (11.2%, 95% CI: 10.3-12.1%) died within 30-days, and within 1-

year, 1,159 (25.7%, 95% CI: 24.5-27.0) of the patients were dead. 

 

Table 2 shows the crude and adjusted HRs according to antidiabetic treatments.  

After adjustment for differences in covariates, we found decreased 30-day mortality among 

users of the antidiabetic treatments in monotherapy and among patients not treated with 

antidiabetic pharmacotherapy, i.e. the adjusted HRs for the use of metformin, insulin, and no 

antidiabetic pharmacotherapy were 0.32 (95% CI: 0.15-0.67), 0.50 (95% CI: 0.29-0.84), and 

0.57 (95% CI: 0.36-0.91) compared with users of sulfonylureas. The use of any combination 

was also associated with decreased risk of mortality compared with use of sulfonylureas 

(adjusted 30-day HR: 0.63 (95% CI: 0.33-1.20)), but it did not reach statistical significance. 
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When estimating the 1-year HRs, we found no significant differences between the antidiabetic 

treatments (Table 2). 

We found no differences in mortality when comparing use of the different types of 

combination (30-day mortality: p=0.16, 1-year mortality: p=0.87) or individual sulfonylureas 

(30-day mortality: p=0.98, 1-year mortality: p=0.89).  

 

Readmission with recurrent ischemic stroke or myocardial infarction 

Within 1-year of follow-up, 331 (9.0%) of the patients were readmitted with recurrent 

ischemic stroke or a myocardial infarction.  

We found increased risk of readmission in users of the all antidiabetic treatments compared 

with users of sulfonylureas, however, it only reached statistical significance in patients not 

treated with antidiabetic pharmacotherapy (Table 3).  

We found no differences in risk of readmission among users of the different types of 

combination (p=0.54), or among users of different sulfonylureas (p=0.47). 

 

When estimating the HRs based on drug use 180 days before hospitalization with ischemic 

stroke, we found similar patterns, although it not reached statistical significance. 

 

Complete subject analysis 

Data on all covariates was complete for 1.508 (31.3%) of the patients. When estimating the 

mortality, we found similar results, although with a much lower statistical precision, i.e. the 

adjusted 30-day HRs for the use of metformin, insulin, any combination, and no antidiabetic 

pharmacotherapy were 0.27 (95% CI: 0.04-1.90), 0.43 (95% CI: 0.09-2.06), 3.64 (95% CI: 

0.70-18.93) and 0.34 (95% CI: 0.07-1.59) compared with users of sulfonylureas. The adjusted 

one year HRs for the use of metformin, insulin, any combination, and no antidiabetic 
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pharmacotherapy were 0.83 (95% CI: 0.41-1.65), 0.80 (95% CI: 0.42-1.49), 1.55 (95% CI: 

0.86-2.77) and 0.62 (95% CI: 0.37-1.03) compared with users of sulfonylureas. When 

estimating the risk of readmission, the adjusted HRs for the use of metformin, insulin, any 

combination, and no antidiabetic pharmacotherapy were 0.70 (95% CI: 0.24-2.00), 2.00 (95% 

CI: 0.82-4.88), 1.82 (95% CI: 0.79-4.20) and 1.41 (95% CI: 0.66-3.04) compared with users 

of sulfonylureas. 
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Discussion 

In this large population-based follow-up study, we found a lower short-term mortality among 

patients with type 2 diabetes mellitus using metformin, insulin, any combination, and no 

pharmacotherapy following hospitalization with ischemic stroke compared with patients 

treated with sulfonylureas. However, these patients had higher risk of being readmitted with a 

recurrent ischemic stroke or myocardial infarction than patients treated with sulfonylureas. 

 

The main strength of this study was the nationwide population-based design with a large 

sample size and complete follow-up both during and after hospitalization. As the data sources 

used in our study comprise the entire Danish population, our results reflect the daily clinical 

practice in Denmark. Further, the use of prospectively collected data minimized the risk of 

both selection and information bias. Finally, detailed data on possible confounding factors 

were available through record linkage to the different medical databases. 

The validity of our estimates depends on the accuracy of the registries. Participation in DNIP 

is mandatory for all departments in Denmark treating patients with stroke, and extensive 

efforts are made to ensure the validity of DNIP data.11 A structured audit process is carried 

out regularly on a national, regional and local basis to critically assess and ensure the quality 

of the data. To ensure completeness of patient registration in DNIP, its enrollees are compared 

with local hospital discharge registries. Further, the combined use of the Danish National 

Patient Registry and the Register of Medicinal Product Statistics to identify patients with 

diabetes mellitus has proven to be of high quality and nearly complete.27 

Use of pioglitazone was in a subanalysis from the PROspective pioglitAzone Clinical Trial In 

macroVascular Events (PROactive) trial associated with reduced risk of recurrent fatal and 

nonfatal stroke.28 In spite of our large sample size, the number of users of glitazones was too 

small to be included in our analyses.  
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We used mortality and readmission with recurrent ischemic stroke or myocardial infarction as 

the clinical outcomes. Although these outcomes are clearly of major importance, they are 

certainly not the only outcome relevant for patients with stroke. Comparison of the 

association between use of different antidiabetic treatments and other clinical outcomes (e.g., 

functional level) is also highly relevant. Unfortunately such data were not available in our 

study population. 

Finally, despite our adjustment for a wide range of confounding factors including lifestyle 

factors (BMI, smoking, alcohol), we cannot entirely rule out the possibility of residual 

confounding or unaccounted confounding from unmeasured factors. 

 

To our knowledge, only one other study has examined the mortality rates among patients with 

type 2 diabetes mellitus and ischemic stroke according to type of antidiabetic treatment. This 

much smaller German study included 146 patients with diabetes mellitus and acute 

hemispheric ischemic stroke, of which 60 were treated with sulfonylureas. The in-hospital 

mortality was not statistical significant different when comparing sulfonylurea users and non-

sulfonylurea users (OR 1.2; 95% CI: 0.4-3.5).8 However, the relatively small sample size gave 

rise to statistically imprecise risk estimate, which hindered a clear interpretation.   

Use of sulfonylureas was associated with improved neurological and functional outcomes in 

two German studies.7,8 This beneficial effects may be mediated by postevent block of the 

NCca-ATP channel, which is upregulated only under conditions of injury or ischemia.29 In 

contrast, sulfonylureas might also have potentially deleterious effects in the context of stroke. 

Sulfonylureas might, like in the heart, impair ischemic preconditioning in the brain,30 and they 

might attenuate cerebral vasodilation during hypoxia.31 Because the extra-pancreatic receptors 

differ structurally from the pancreatic isoform, a potentially different pharmacological effect 
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of the individual sulfonylureas might exist. However, in our study, we found no difference in 

clinical outcome among users of different sulfonylureas.     

Our study is, to our knowledge, the first study to examine long-term outcome (mortality and 

readmission) after hospitalization with ischemic stroke according to antidiabetic treatments. 

 

In conclusion, our findings do not support the hypothesis that preadmission use of 

sulfonylureas is associated with an overall improved clinical outcome among type 2 diabetic 

patients admitted with stroke. In contrast, sulfonylureas may be associated with increased 

mortality in the early phase after ischemic stroke, whereas long-term mortality appear to be 

comparable with that of other types of antidiabetic treatment. However, sulfonylureas may be 

associated with a lower risk of admission with recurrent ischemic stroke or myocardial 

infarction. 

 

 

 

 

 

 

 

 

 



 

 15

References 
 

 (1)  Asplund K, Hagg E, Helmers C, Lithner F, Strand T, Wester PO. The natural history 

of stroke in diabetic patients. Acta Med Scand 1980;207:417-24. 

 (2)  Oppenheimer SM, Hoffbrand BI, Oswald GA, Yudkin JS. Diabetes mellitus and early 

mortality from stroke. Br Med J (Clin Res Ed) 1985;291:1014-5. 

 (3)  Lithner F, Asplund K, Eriksson S, Hagg E, Strand T, Wester PO. Clinical 

characteristics in diabetic stroke patients. Diabete Metab 1988;14:15-9. 

 (4)  Olsson T, Viitanen M, Asplund K, Eriksson S, Hagg E. Prognosis after stroke in 

diabetic patients. A controlled prospective study. Diabetologia 1990;33:244-9. 

 (5)  Jørgensen H, Nakayama H, Raaschou HO, Olsen TS. Stroke in patients with diabetes. 

The Copenhagen Stroke Study. Stroke 1994;25:1977-84. 

 (6)  Sprafka JM, Virnig BA, Shahar E, McGovern PG. Trends in diabetes prevalence 

among stroke patients and the effect of diabetes on stroke survival: the Minnesota 

Heart Survey. Diabet Med 1994;11:678-84. 

 (7)  Kunte H, Schmidt S, Eliasziw M, del Zoppo GJ, Simard JM, Masuhr F, Weih M, 

Dirnagl U. Sulfonylureas improve outcome in patients with type 2 diabetes and acute 

ischemic stroke. Stroke 2007;38:2526-30. 



 

 16

 (8)  Weih M, Amberger N, Wegener S, Dirnagl U, Reuter T, Einhaupl K. Sulfonylurea 

drugs do not influence initial stroke severity and in-hospital outcome in stroke patients 

with diabetes. Stroke 2001;32:2029-32. 

 (9)  Frank L. Epidemiology. When an entire country is a cohort. Science 2000;287:2398-9. 

 (10)  Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil Registration 

System. A cohort of eight million persons. Dan Med Bull 2006;53:441-9. 

 (11)  Mainz J, Krog BR, Bjornshave B, Bartels P. Nationwide continuous quality 

improvement using clinical indicators: the Danish National Indicator Project. Int J 

Qual Health Care 2004;16 Suppl 1:i45-i50. 

 (12)  Stroke--1989. Recommendations on stroke prevention, diagnosis, and therapy. Report 

of the WHO Task Force on Stroke and other Cerebrovascular Disorders. Stroke 

1989;20:1407-31. 

 (13)  Andersen TF, Madsen M, Jørgensen J, Mellemkjoer L, Olsen JH. The Danish National 

Hospital Register. A valuable source of data for modern health sciences. Dan Med 

Bull 1999;46:263-8. 

 (14)  Statistics Denmark. IDA—an integrated database for labour market research. 

Copenhagen, Denmark: Statistics Denmark; 1991.  



 

 17

 (15)  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic 

Dis 1987;40:373-83. 

 (16)  Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with 

ICD-9-CM administrative databases. J Clin Epidemiol 1992;45:613-9. 

 (17)  Goldstein LB, Samsa GP, Matchar DB, Horner RD. Charlson Index comorbidity 

adjustment for ischemic stroke outcome studies. Stroke 2004;35:1941-5. 

 (18)  Multicenter trial of hemodilution in ischemic stroke--background and study protocol. 

Scandinavian Stroke Study Group. Stroke 1985;16:885-90. 

 (19)  Lindenstrøm E, Boysen G, Waage Christiansen L, á Rogvi Hansen B, Würtzen 

Nielsen P. Reliability of Scandinavian Neurological Stroke Scale. Cerebrovasc Dis 

1991;1:103-7. 

 (20)  Barber M, Fail M, Shields M, Stott DJ, Langhorne P. Validity and reliability of 

estimating the scandinavian stroke scale score from medical records. Cerebrovasc Dis 

2004;17:224-7. 

 (21)  Ingeman A, Pedersen L, Hundborg HH, Petersen P, Zielke S, Mainz J, Bartels P, 

Johnsen SP. Quality of care and mortality among patients with stroke: a nationwide 

follow-up study. Med Care 2008;46:63-9. 



 

 18

 (22)  Svendsen ML, Ehlers LH, Andersen G, Johnsen SP. Quality of care and length of 

hospital stay among patients with stroke. Med Care 2009;47:575-82. 

 (23)  Royston P. Multiple imputation of missing values. The Stata Journal 4, 227-241.  

 (24)  Royston P. Multiple imputation of missing values: update. The Stata Journal 5, 188-

201.  

 (25)  Royston P. Multiple imputation of missing values: Update of ice. The Stata Journal 5, 

527-536.  

 (26)  White IR, Royston P. Imputing missing covariate values for the Cox model. Stat Med 

2009;28:1982-98. 

 (27)  Nielsen GL, Sørensen HT, Pedersen AB, Sabroe S. Analyses of data quality in 

registries concerning diabetes mellitus--a comparison between a population based 

hospital discharge and an insulin prescription registry. J Med Syst 1996;20:1-10. 

 (28)  Wilcox R, Bousser MG, Betteridge DJ, Schernthaner G, Pirags V, Kupfer S, 

Dormandy J. Effects of pioglitazone in patients with type 2 diabetes with or without 

previous stroke: results from PROactive (PROspective pioglitAzone Clinical Trial In 

macroVascular Events 04). Stroke 2007;38:865-73. 

 (29)  Simard JM, Chen M, Tarasov KV, Bhatta S, Ivanova S, Melnitchenko L, Tsymbalyuk 

N, West GA, Gerzanich V. Newly expressed SUR1-regulated NC(Ca-ATP) channel 

mediates cerebral edema after ischemic stroke. Nat Med 2006;12:433-40. 



 

 19

 (30)  Heurteaux C, Bertaina V, Widmann C, Lazdunski M. K+ channel openers prevent 

global ischemia-induced expression of c-fos, c-jun, heat shock protein, and amyloid 

beta-protein precursor genes and neuronal death in rat hippocampus. Proc Natl Acad 

Sci U S A 1993;90:9431-5. 

 

 



  
20

 

 T
ab

le
s 

T
ab

le
 1

. C
ha

ra
ct

er
is

tic
s o

f p
at

ie
nt

s w
ith

 ty
pe

 2
 d

ia
be

te
s m

el
lit

us
 u

si
ng

 d
iff

er
en

t a
nt

id
ia

be
tic

 d
ru

gs
 h

os
pi

ta
liz

ed
 w

ith
 is

ch
em

ic
 st

ro
ke

 in
 D

en
m

ar
k 

du
rin

g 
th

e 
pe

rio
d 

20
03

-2
00

6 

 
Su

lfo
ny

lu
re

as
 

M
et

fo
rm

in
 

In
su

lin
 

A
ny

 

co
m

bi
na

tio
n 

N
o 

ph
ar

m
ac

ot
he

ra
py

 

 
(N

=1
,0

91
) 

(N
=5

63
) 

(N
=8

82
) 

(N
=9

76
) 

(N
=1

,3
04

) 

C
ha

ra
ct

er
is

tic
a  

N
 

(%
) 

N
 

(%
) 

N
 

(%
) 

N
 

(%
) 

N
 

(%
) 

A
ge

 in
 y

ea
rs

, m
ed

ia
n 

(r
an

ge
) 

78
.4

(3
1-

99
)

71
.2

(3
5-

95
) 

71
.3

(4
1-

10
0)

72
.0

(3
1-

96
)

76
.1

(3
6-

10
6)

 

Se
x 

(m
al

es
) 

61
3

(5
6.

2)
30

5
(5

4.
2)

 
49

6
(5

6.
2)

56
6

(5
8.

0)
73

1
(5

6.
1)

 

 
 

 

D
ur

at
io

n 
of

 d
ia

be
te

s m
el

lit
us

 
 

 

   
≤5

 y
ea

rs
 

55
3

(5
0.

7)
35

4
(6

2.
9)

 
97

(1
1.

0)
22

8
(2

3.
4)

63
7

(4
8.

9)
 

   
5-

10
 y

ea
rs

 
38

5
(3

5.
3)

14
7

(2
6.

1)
 

24
6

(2
7.

9)
44

7
(4

5.
8)

42
8

(3
2.

8)
 

   
>1

0 
ye

ar
s 

15
3

(1
4.

0)
62

(1
1.

0)
 

53
9

(6
1.

1)
30

1
(3

0.
8)

23
9

(1
8.

3)
 

 
 

 



  
21

 

C
ha

rls
on

’s
 c

om
or

bi
di

ty
 in

de
x 

 
 

   
0 

41
5

(3
8.

0)
25

7
(4

5.
6)

 
25

5
(2

8.
9)

42
2

(4
3.

2)
38

6
(2

9.
6)

 

   
1-

2 
46

2
(4

2.
4)

24
1

(4
2.

8)
 

41
8

(4
7.

4)
42

1
(4

3.
2)

62
1

(4
7.

6)
 

   
≥3

 
21

4
(1

9.
6)

65
(1

1.
6)

 
20

9
(2

3.
7)

13
3

(1
3.

6)
29

7
(2

2.
8)

 

 
 

 

D
is

ch
ar

ge
 d

ia
gn

os
es

 o
f 

 
 

   
H

yp
er

te
ns

io
n 

93
4

(8
5.

6)
48

1
(8

5.
4)

 
78

8
(8

9.
3)

84
6

(8
6.

7)
1,

10
7

(8
4.

9)
 

   
Fo

rm
er

 re
va

sc
ul

ar
iz

at
io

n 
75

(6
.9

)
40

(7
.1

) 
11

9
(1

3.
5)

90
(9

.2
)

11
7

(9
.0

) 

   
R

et
in

op
at

hy
 

77
(7

.1
)

27
(4

.8
) 

30
6

(3
4.

7)
13

6
(1

3.
9)

10
5

(8
.1

) 

   
N

ep
hr

op
at

hy
b  

55
(5

.0
)

23
(4

.1
) 

15
2

(1
7.

2)
36

(3
.7

)
94

(7
.2

) 

   
N

eu
ro

pa
th

y 
66

(6
.1

)
34

(6
.0

) 
19

5
(2

2.
1)

95
(9

.7
)

11
1

(8
.5

) 

 
 

 

Pr
es

cr
ip

tio
n 

fo
rc  

 
 

   
A

nt
ih

yp
er

te
ns

iv
e 

dr
ug

s 
92

7
(8

5.
0)

47
5

(8
4.

4)
 

78
7

(8
9.

2)
83

8
(8

5.
9)

1,
09

2
(8

3.
7)

 

   
Pl

at
el

et
 in

hi
bi

to
rs

 
40

1
(3

6.
8)

20
6

(3
6.

6)
 

34
2

(3
8.

8)
38

8
(3

9.
8)

39
2

(3
0.

1)
 

   
V

ita
m

in
 K

 a
nt

ag
on

is
ts

 
58

(5
.3

)
34

(6
.0

) 
51

(5
.8

)
64

(6
.6

)
58

(4
.5

) 



  
22

 

   
St

at
in

s 
34

0
(3

1.
2)

22
8

(4
0.

5)
 

43
0

(4
8.

8)
45

9
(4

7.
0)

40
1

(3
0.

8)
 

   
O

th
er

 li
pi

d-
lo

w
er

in
g 

dr
ug

s 
10

(0
.9

)
16

(2
.8

) 
22

(2
.5

)
35

(3
.6

)
15

(1
.2

) 

   
H

or
m

on
e 

re
pl

ac
em

en
t t

he
ra

py
 

14
4

(1
3.

2)
85

(1
5.

1)
 

13
3

(1
5.

1)
14

4
(1

4.
8)

20
6

(1
5.

8)
 

 
 

 

Sc
an

di
na

vi
an

 S
tro

ke
 S

ca
le

 S
co

re
 u

po
n 

ad
m

is
si

on
 

 
 

   
M

ild
 

49
8

(4
5.

6)
27

3
(4

8.
5)

 
41

0
(4

6.
5)

52
3

(5
3.

6)
56

8
(4

3.
6)

 

   
M

od
er

at
e 

22
8

(2
0.

9)
96

(1
7.

0)
 

16
5

(1
8.

7)
15

9
(1

6.
3)

23
9

(1
8.

3)
 

   
Se

ve
re

 
10

3
(9

.4
)

55
(9

.8
) 

83
(9

.4
)

73
(7

.5
)

14
5

(1
1.

1)
 

   
V

er
y 

se
ve

re
 

11
2

(1
0.

3)
49

(8
.7

) 
86

(9
.8

)
68

(6
.9

)
13

0
(1

0.
0)

 

   
M

is
si

ng
 

15
0

(1
3.

8)
90

(1
6.

0)
 

13
8

(1
5.

6)
15

3
(1

5.
7)

22
2

(1
7.

0)
 

 
 

 

Pr
op

or
tio

n 
of

 q
ua

lit
y 

of
 in

-h
os

pi
ta

l s
tro

ke
 

ca
re

 c
rit

er
ia

 fu
lfi

lle
dd  

 
 

0-
24

%
 

17
1

(1
5.

7)
71

(1
2.

6)
 

15
6

(1
7.

7)
12

0
(1

2.
3)

19
7

(1
5.

1)
 

25
-4

9%
 

16
7

(1
5.

3)
63

(1
1.

2)
 

13
8

(1
5.

6)
15

3
(1

5.
7)

20
7

(1
5.

9)
 



  
23

 

50
-7

4%
 

32
0

(2
9.

3)
15

7
(2

7.
9)

 
26

2
(2

9.
7)

29
3

(3
0.

0)
41

9
(3

2.
1)

 

75
-1

00
%

 
43

3
(3

9.
7)

27
2

(4
8.

3)
 

32
6

(3
7.

0)
41

0
(4

2.
0)

48
1

(3
6.

9)
 

 
 

 

Sm
ok

in
g 

ha
bi

ts
 

 
 

   
N

ev
er

 
31

7
(2

9.
1)

16
3

(2
8.

9)
 

25
8

(2
9.

3)
30

1
(3

0.
8)

35
3

(2
7.

1)
 

   
D

ai
ly

 
26

8
(2

4.
6)

16
1

(2
8.

6)
 

24
0

(2
7.

2)
25

5
(2

6.
1)

39
0

(2
9.

9)
 

   
O

cc
as

io
na

lly
 

15
(1

.4
)

10
(1

.8
) 

14
(1

.6
)

17
(1

.8
)

14
(1

.1
) 

   
Fo

rm
er

 (q
ui

t m
or

e 
th

an
 ½

 y
ea

r p
rio

r t
o 

ad
m

is
si

on
) 

23
5

(2
1.

5)
11

2
(1

9.
9)

 
17

4
(1

9.
7)

20
8

(2
1.

3)
24

4
(1

8.
7)

 

   
M

is
si

ng
 

25
6

(2
3.

4)
11

7
(2

0.
8)

 
19

6
(2

2.
2)

19
5

(2
0.

0)
30

3
(2

3.
2)

 

 
 

 

A
lc

oh
ol

 in
ta

ke
 

 
 

   
Le

ss
 th

an
 1

4/
21

 d
rin

ks
 p

er
 w

ee
k 

fo
r 

w
om

en
/m

en
 

79
8

(7
3.

1)
42

6
(7

5.
7)

 
65

3
(7

4.
0)

75
3

(7
7.

1)
93

9
(7

2.
0)

 

   
M

or
e 

th
an

 1
4/

21
 d

rin
ks

 p
er

 w
ee

k 
fo

r 

w
om

en
/m

en
 

50
(4

.6
)

42
(7

.5
) 

44
(5

.0
)

34
(3

.5
)

79
(6

.1
) 



  
24

 

   
M

is
si

ng
 

24
3

(2
2.

3)
95

(1
6.

8)
 

18
5

(2
1.

0)
18

9
(1

9.
4)

28
6

(2
1.

9)
 

 
 

 

B
M

I 
 

 

   
U

nd
er

w
ei

gh
t 

14
(1

.3
)

3
(0

.5
) 

15
(1

.7
)

2
(0

.2
)

37
(2

.8
) 

   
N

or
m

al
 

20
6

(1
8.

9)
75

(1
3.

3)
 

17
4

(1
9.

7)
14

7
(1

5.
1)

27
6

(2
1.

2)
 

   
O

ve
rw

ei
gh

t 
23

3
(2

1.
4)

12
7

(2
2.

6)
 

16
5

(1
8.

7)
21

5
(2

2.
0)

25
6

(1
9.

6)
 

   
O

be
se

 
11

4
(1

0.
4)

12
8

(2
2.

7)
 

13
5

(1
5.

3)
19

8
(2

0.
3)

14
3

(1
1.

0)
 

   
M

is
si

ng
 

52
4

(4
8.

0)
23

0
(4

0.
9)

 
39

3
(4

4.
6)

41
4

(4
2.

4)
59

2
(4

5.
4)

 

 
 

 

M
ar

ita
l s

ta
tu

s 
 

 

   
Li

vi
ng

 a
lo

ne
 

50
9

(4
6.

6)
22

0
(3

9.
1)

 
31

8
(3

6.
1)

37
7

(3
8.

6)
61

3
(4

7.
0)

 

   
Li

vi
ng

 w
ith

 so
m

eo
ne

 
47

4
(4

3.
5)

29
2

(5
1.

8)
 

48
9

(5
5.

4)
51

9
(5

3.
2)

56
6

(4
3.

4)
 

   
O

th
er

 fo
rm

 o
f m

ar
ita

l s
ta

tu
s 

41
(3

.8
)

20
(3

.6
) 

32
(3

.6
)

20
(2

.1
)

37
(2

.8
) 

   
M

is
si

ng
 

67
(6

.1
)

31
(5

.5
) 

43
(4

.9
)

60
(6

.1
)

88
(6

.8
) 

 
 

 

G
ro

ss
 in

co
m

e 
 

 



  
25

 

   
1.

 q
ua

rti
le

 
27

3
(2

5.
0)

14
3

(2
5.

4)
 

23
7

(2
6.

9)
24

9
(2

5.
5)

33
0

(2
5.

3)
 

   
2.

 q
ua

rti
le

 
31

7
(2

9.
1)

12
8

(2
2.

7)
 

20
5

(2
3.

2)
20

5
(2

1.
0)

32
1

(2
4.

6)
 

   
3.

 q
ua

rti
le

 
26

2
(2

4.
0)

15
2

(2
7.

0)
 

21
4

(2
4.

3)
25

3
(2

5.
9)

32
3

(2
4.

8)
 

   
4.

 q
ua

rti
le

 
23

9
(2

1.
9)

14
0

(2
4.

9)
 

22
6

(2
5.

6)
26

9
(2

7.
6)

33
0

(2
5.

3)
 

 
 

 

Ed
uc

at
io

na
l l

ev
el

 
 

 

   
U

ni
ve

rs
ity

 d
eg

re
e 

17
(1

.6
)

10
(1

.8
) 

17
(1

.9
)

22
(2

.2
)

24
(1

.8
) 

   
Sh

or
t/m

ed
iu

m
-te

rm
 fo

rm
al

 e
du

ca
tio

n 
59

(5
.4

)
27

(4
.8

) 
59

(6
.7

)
68

(7
.0

)
10

0
(7

.7
) 

   
B

as
ic

 v
oc

at
io

na
l e

du
ca

tio
n 

22
9

(2
1.

0)
16

5
(2

9.
3)

 
25

2
(2

8.
6)

23
2

(2
3.

8)
31

0
(2

3.
8)

 

   
B

as
ic

 sc
ho

ol
 

47
9

(4
3.

9)
27

4
(4

8.
7)

 
43

6
(4

9.
4)

52
8

(5
4.

1)
56

7
(4

3.
5)

 

   
M

is
si

ng
 

30
7

(2
8.

1)
87

(1
5.

4)
 

11
8

(1
3.

4)
12

6
(1

2.
9)

30
3

(2
3.

2)
 

 
 

 

Em
pl

oy
m

en
t s

ta
tu

s 
 

 

   
Em

pl
oy

ed
 

88
(8

.1
)

80
(1

4.
2)

 
11

4
(1

2.
9)

15
8

(1
6.

2)
15

9
(1

2.
2)

 

   
Pe

ns
io

ne
r 

97
5

(8
9.

4)
45

6
(8

1.
0)

 
73

5
(8

3.
3)

77
3

(7
9.

2)
1,

09
3

(8
3.

8)
 

   
O

th
er

 
28

(2
.5

)
27

(4
.8

) 
33

(3
.8

)
45

(4
.6

)
52

(4
.0

) 



  
26

 

 
 

 

 
 

 

a 
A

ll 
va

ria
bl

es
 a

re
 sh

ow
n 

as
 n

um
be

r (
%

), 
ex

ce
pt

 fo
r a

ge
, w

hi
ch

 is
 sh

ow
n 

as
 m

ed
ia

n 
(r

an
ge

). 

b 
A

ls
o 

in
cl

ud
ed

 in
 th

e 
C

ha
rls

on
 in

de
x.

 

c 
R

ec
ei

ve
d 

a 
pr

es
cr

ip
tio

n 
w

ith
in

 9
0 

da
ys

 (p
la

te
le

t i
nh

ib
ito

rs
 a

nd
 v

ita
m

in
 K

 a
nt

ag
on

is
ts

) o
r e

ve
r (

al
l o

th
er

s)
 b

ef
or

e 
ad

m
is

si
on

 fo
r i

sc
he

m
ic

 st
ro

ke
. 

d 
A

dm
is

si
on

 to
 a

 st
ro

ke
 u

ni
t b

y 
th

e 
se

co
nd

 d
ay

, a
nt

ip
la

te
le

t t
he

ra
py

 b
y 

th
e 

se
co

nd
 d

ay
, a

nt
ic

oa
gu

la
nt

 th
er

ap
y 

by
 th

e 
14

th
 d

ay
, C

T/
M

R
I s

ca
n 

by
 th

e 
fir

st
 d

ay
, 

ph
ys

io
th

er
ap

y 
as

se
ss

m
en

t b
y 

th
e 

se
co

nd
 d

ay
, o

cc
up

at
io

na
l t

he
ra

py
 a

ss
es

sm
en

t b
y 

th
e 

se
co

nd
 d

ay
, a

nd
 n

ut
rit

io
na

l r
is

k 
as

se
ss

m
en

t b
y 

th
e 

se
co

nd
 d

ay
. 

   



  
27

 

T
ab

le
 2

. C
ru

de
 a

nd
 a

dj
us

te
d 

30
-d

ay
 a

nd
 1

-y
ea

r h
az

ar
d 

ra
tio

s (
H

R
s)

 w
ith

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
s (

C
Is

) f
or

 d
ea

th
 a

fte
r h

os
pi

ta
liz

at
io

n 
w

ith
 

is
ch

em
ic

 st
ro

ke
 a

cc
or

di
ng

 to
 u

se
 o

f a
nt

id
ia

be
tic

 tr
ea

tm
en

t w
ith

in
 9

0 
da

ys
 p

rio
r t

o 
th

e 
ho

sp
ita

liz
at

io
n 

C
ru

de
 H

R
 

A
dj

us
te

d 
H

R
 † 

C
ru

de
 H

R
 

A
dj

us
te

d 
H

R
 †

 
N

 
D

ea
th

s 

w
ith

in
 

30
 d

ay
s 

M
or

ta
lit

y 

w
ith

in
 3

0 

da
ys

 

(9
5%

 C
I)

 
(9

5%
 C

I)
 

D
ea

th
s 

w
ith

in
 

on
e 

ye
ar

 

M
or

ta
lit

y 

w
ith

in
 o

ne
 

ye
ar

 

(9
5%

 C
I)

 
(9

5%
 C

I)
 

   A
nt

id
ia

be
tic

 

tr
ea

tm
en

t * 
 

 
 

 
 

 
 

 
 

 
 

 
 

Su
lfo

ny
lu

re
as

 
1,

09
1 

14
8 

13
.7

%
 

1.
00

 
(r

ef
er

en
ce

) 
1.

00
 

(r
ef

er
en

ce
) 

30
5 

29
.5

%
 

1.
00

 
(r

ef
er

en
ce

) 
1.

00
 

(r
ef

er
en

ce
) 

M
et

fo
rm

in
 

56
3 

39
 

7.
0%

 
0.

50
 

(0
.3

5-
0.

71
) 

0.
32

 
(0

.1
5-

0.
67

) 
10

0 
19

.5
%

 
0.

60
 

(0
.4

8-
0.

76
) 

0.
89

 
(0

.6
4-

1.
25

) 

In
su

lin
 

88
2 

10
1 

11
.5

%
 

0.
84

 
(0

.6
5-

1.
08

) 
0.

50
 

(0
.2

9-
0.

84
) 

22
4 

27
.1

%
 

0.
89

 
(0

.7
5-

1.
05

) 
0.

92
 

(0
.6

9-
1.

22
) 

A
ny

 c
om

bi
na

tio
n 

97
6 

85
 

8.
8%

 
0.

63
 

(0
.4

8-
0.

82
) 

0.
63

 
(0

.3
3-

1.
20

) 
17

7 
19

.5
%

 
0.

61
 

(0
.5

1-
0.

74
) 

1.
03

 
(0

.7
8-

1.
35

) 

N
o 

ph
ar

m
ac

ot
he

ra
py

  
1,

30
4 

16
3 

12
.6

%
 

0.
92

 
(0

.7
3-

1.
14

) 
0.

57
 

(0
.3

6-
0.

91
) 

35
3 

28
.8

%
 

0.
96

 
(0

.8
3-

1.
12

) 
0.

82
 

(0
.6

6-
1.

03
) 

* 
A

nt
id

ia
be

tic
 u

se
 w

as
 m

ea
su

re
d 

in
 th

e 
90

 d
ay

s p
rio

r t
o 

ho
sp

ita
liz

at
io

n 
fo

r i
sc

he
m

ic
 st

ro
ke

.  

† 
A

dj
us

te
d 

fo
r a

ge
, s

ex
, d

ur
at

io
n 

of
 d

ia
be

te
s m

el
lit

us
, f

or
m

er
 u

se
 o

f a
nt

id
ia

be
tic

 tr
ea

tm
en

t, 
le

ve
l o

f c
o-

m
or

bi
di

ty
 (m

ea
su

re
d 

by
 th

e 
C

ha
rls

on
 in

de
x)

, d
is

ch
ar

ge
 

di
ag

no
se

s o
f h

yp
er

te
ns

io
n,

 fo
rm

er
 re

va
sc

ul
ar

iz
at

io
n,

 re
tin

op
at

hy
, n

eu
ro

pa
th

y,
 a

nd
 p

re
sc

rip
tio

ns
 fo

r p
la

te
le

t i
nh

ib
ito

rs
, v

ita
m

in
 K

 a
nt

ag
on

is
ts

, s
ta

tin
s, 

ot
he

r 

lip
id

-lo
w

er
in

g 
ag

en
ts

, H
R

T 
be

fo
re

 th
e 

da
te

 o
f h

os
pi

ta
liz

at
io

n 
fo

r s
tro

ke
, S

ca
nd

in
av

ia
n 

st
ro

ke
 sc

al
e 

sc
or

e,
 fu

lfi
lle

d 
sp

ec
ifi

c 
qu

al
ity

 o
f c

ar
e 

cr
ite

ria
, s

m
ok

in
g 



  
28

 

ha
bi

ts
, a

lc
oh

ol
 in

ta
ke

, B
M

I, 
m

ar
ita

l s
ta

tu
s, 

gr
os

s i
nc

om
e,

 e
du

ca
tio

na
l l

ev
el

, e
m

pl
oy

m
en

t s
ta

tu
s, 

an
d 

tim
e-

de
pe

nd
en

t a
nt

id
ia

be
tic

 tr
ea

tm
en

t, 
ca

rd
io

va
sc

ul
ar

 

tre
at

m
en

t a
nd

 H
R

T 
af

te
r t

he
 d

at
e 

of
 h

os
pi

ta
liz

at
io

n 
fo

r i
sc

he
m

ic
 st

ro
ke

.  
 

  



  
29

 

T
ab

le
 3

. C
ru

de
 a

nd
 a

dj
us

te
d 

1-
ye

ar
 h

az
ar

d 
ra

tio
s (

H
R

s)
 w

ith
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s (
C

Is
) f

or
 a

dm
is

si
on

 w
ith

 re
cu

rr
en

t i
sc

he
m

ic
 st

ro
ke

 o
r 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n 
af

te
r f

irs
t-t

im
e 

ho
sp

ita
liz

at
io

n 
w

ith
 is

ch
em

ic
 st

ro
ke

 a
cc

or
di

ng
 to

 u
se

 o
f a

nt
id

ia
be

tic
 tr

ea
tm

en
t w

ith
in

 9
0 

da
ys

 p
rio

r t
o 

th
e 

ho
sp

ita
liz

at
io

n 

C
ru

de
 H

R
 

A
dj

us
te

d 
H

R
 †

 
 

N
 

R
ea

dm
is

si
on

s w
ith

in
 

on
e 

ye
ar

 
(9

5%
 C

I)
 

(9
5%

 C
I)

 

A
nt

id
ia

be
tic

 tr
ea

tm
en

t *
 

 
 

 
 

 
 

 

Su
lfo

ny
lu

re
as

 
1,

09
1 

52
 

4.
8%

 
1.

00
 

(r
ef

er
en

ce
) 

1.
00

 
(r

ef
er

en
ce

) 

M
et

fo
rm

in
 

56
3 

37
 

6.
6%

 
1.

30
 

(0
.8

5-
1.

98
) 

1.
40

 
(0

.7
9-

2.
48

) 

In
su

lin
 

88
2 

74
 

8.
4%

 
1.

73
 

(1
.2

2-
2.

47
) 

1.
61

 
(0

.9
6-

2.
69

) 

A
ny

 c
om

bi
na

tio
n 

97
6 

76
 

7.
8%

 
1.

56
 

(1
.0

9-
2.

22
) 

1.
46

 
(0

.9
1-

2.
32

) 

N
o 

ph
ar

m
ac

ot
he

ra
py

  
1,

30
4 

92
 

7.
1%

 
1.

50
 

(1
.0

7-
2.

11
) 

1.
58

 
(1

.0
4-

2.
42

) 

* 
A

nt
id

ia
be

tic
 u

se
 w

as
 m

ea
su

re
d 

in
 th

e 
90

 d
ay

s p
rio

r t
o 

ho
sp

ita
liz

at
io

n 
fo

r i
sc

he
m

ic
 st

ro
ke

.  

† 
A

dj
us

te
d 

fo
r a

ge
, s

ex
, d

ur
at

io
n 

of
 d

ia
be

te
s m

el
lit

us
, f

or
m

er
 u

se
 o

f a
nt

id
ia

be
tic

 tr
ea

tm
en

t, 
le

ve
l o

f c
o-

m
or

bi
di

ty
 (m

ea
su

re
d 

by
 th

e 
C

ha
rls

on
 in

de
x)

, d
is

ch
ar

ge
 

di
ag

no
se

s o
f h

yp
er

te
ns

io
n,

 fo
rm

er
 re

va
sc

ul
ar

iz
at

io
n,

 re
tin

op
at

hy
, n

eu
ro

pa
th

y,
 a

nd
 p

re
sc

rip
tio

ns
 fo

r p
la

te
le

t i
nh

ib
ito

rs
, v

ita
m

in
 K

 a
nt

ag
on

is
ts

, s
ta

tin
s, 

ot
he

r 

lip
id

-lo
w

er
in

g 
ag

en
ts

, H
R

T 
be

fo
re

 th
e 

da
te

 o
f h

os
pi

ta
liz

at
io

n 
fo

r s
tro

ke
, S

ca
nd

in
av

ia
n 

st
ro

ke
 sc

al
e 

sc
or

e,
 fu

lfi
lle

d 
sp

ec
ifi

c 
qu

al
ity

 o
f c

ar
e 

cr
ite

ria
, s

m
ok

in
g 

ha
bi

ts
, a

lc
oh

ol
 in

ta
ke

, B
M

I, 
m

ar
ita

l s
ta

tu
s, 

gr
os

s i
nc

om
e,

 e
du

ca
tio

na
l l

ev
el

, e
m

pl
oy

m
en

t s
ta

tu
s, 

an
d 

tim
e-

de
pe

nd
en

t a
nt

id
ia

be
tic

 tr
ea

tm
en

t, 
ca

rd
io

va
sc

ul
ar

 

tre
at

m
en

t a
nd

 H
R

T 
af

te
r t

he
 d

at
e 

of
 h

os
pi

ta
liz

at
io

n 
fo

r i
sc

he
m

ic
 st

ro
ke

.  
 



 

 30

Figure legends 

Figure 1. Kaplan-Meier curves of 1-year all-cause mortality after hospitalization with 

ischemic stroke according to use of antidiabetic treatments within 90 prior to the 

hospitalization. 
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