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Abstract
Objectives  To compare short-term cardiovascular 
(CV) outcome in type 2 diabetes (T2D) patients without 
ischaemic heart disease (IHD), with IHD but no prior 
myocardial infarction (MI), and those with prior MI; and 
assess the impact on risk of age when initiating first-time 
glucose-lowering drug (GLD).
Design  Cohort study linking morbidity, mortality and 
medication data from Swedish national registries.
Participants  First-time users of GLD during 2007–2016.
Outcomes  Predicted cumulative incidence for the CV 
outcome (MI, stroke and CV mortality) was estimated. A 
Cox model was developed where age at GLD start and CV 
risk was modelled.
Results  260 070 first-time GLD users were included, 221 
226 (85%) had no IHD, 16 294 (6%) had stable IHD—prior 
MI and 22 550 (9%) had IHD+MI. T2D patients without 
IHD had a lower risk of CV outcome compared with the 
IHD populations (±prior MI), (3-year incidence 4.78% vs 
5.85% and 8.04%). The difference in CV outcome was 
primarily driven by a relative greater MI risk among the 
IHD patients. For T2D patients without IHD, an almost 
linear association between age at start of GLD and relative 
risk was observed, whereas in IHD patients, the younger 
(<60 years) patients had a relative greater risk compared 
with older patients.
Conclusions  T2D patients without IHD had a lower risk 
of the CV outcome compared with the T2D populations 
with IHD, primarily driven by a greater risk of MI. For 
T2D patients without IHD, an almost linear association 
between age at start of GLD and relative risk was 
observed, whereas in IHD patients, the younger patients 
had a relative greater risk compared with older patients. 
Our findings suggest that intense risk prevention should 
be the key strategy in the management of T2D patients, 
especially for younger patients.

Background 
In recent years, there has been an increase 
in the incidence of diagnosed type 2 diabetes 
(T2D) in both developed and developing 

societies, with approximately 425 million 
people (8%–9%) living with diabetes world-
wide in 2017.1 

T2D is commonly associated with macrovas-
cular complications, often resulting in early 
manifestation of ischaemic heart disease 
(IHD) and increased risk of cerebrovascular 
disease.2 Diabetes is associated with a substan-
tial increase in risk of major cardiovascular 
(CV) events in patients both with and without 
established cardiovascular disease (CVD).3–7 
This to such extent that CVD-related death is 
the most common cause of mortality among 
diabetes patients.8

There are several theories for why T2D 
patients have increased CV risk, a common 
view is that increased hyperglycaemic stress 
may worsen the prognosis in T2D patients 

Strengths and limitations of this study

►► The study was conducted in a nationwide national 
cohort including all patients who collected a first-
time glucose-lowering drug (GLD) at the pharmacy 
during the observational period, limiting the poten-
tial problems with selection bias.

►► Access to clinical data describing the type 2 dia-
betes (T2D) duration (prior to GLD therapy), extent 
and severity of T2D (blood glucose, HbA1c, weight, 
smoking pattern and kidney function) which have an 
impact on the risk was not available.

►► The study is reliant on International Statistical 
Classification of Diseases and Related Health 
Problems, 10th Revision codes for morbidity data 
and therefore, the possibility of coding errors cannot 
be ruled out.

►► Another limitation of our study was the lack of avail-
able data on socioeconomic status which is known 
to affect risk in T2D patients.
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and that T2D patients may be exposed to plaque insta-
bility due to the pro-inflammatory/oxidative properties 
of their plaque.9 10 This may result in a more severe IHD 
among T2D patients, as it is well known that T2D patients 
often have coronary multivessel disease and often 
have more severe CV outcome than other IHD patients.11

There has been an improvement in post-myocardial 
infarction (MI) survival in Western countries, leading 
to an overall growth of the population with a history of 
IHD.12 Combined with the increased incidence of T2D, 
it is likely that the T2D patient population with a history 
of IHD will increase in the coming decades and thus, 
increased knowledge of the short-term CV event pattern 
is important.

So far, there are no studies comparing the short-term 
prognostic impact of a history of clinical stable IHD with 
that of an atherothrombotic disease demonstrated as 
previous MI in diabetic patients. Moreover, the conse-
quences of age when initiating glucose-lowering drug 
(GLD) in relation to short-term CVD risk have not been 
well described either. These are all important consider-
ations when targeting patients for intensified secondary 
preventive measures.

The primary objective of the present study was to 
compare short-term (3-year) CV outcome in T2D patients 
without IHD, with IHD but no prior MI, and those with 
prior MI. Secondary objectives were to assess the impact 
of age when initiating first-time GLD. For these purposes, 
we used a highly representative nationwide sample of all 
T2D patients initiating first-time GLD in Sweden over 7 
years.

Method
Study design
Data for this observational study were retrieved by linking 
data from Swedish mandatory nationwide registers: 
the Swedish National Patient Register (NPR; including 
inpatient admission and discharge dates, and main and 
secondary diagnoses according to the International Statis-
tical Classification of Diseases and Related Health Prob-
lems, 10th Revision [ICD-10]), the Swedish Prescribed 
Drug Register (SPDR)13 and the Swedish Cause of Death 
Register.14 The Swedish NPR has had mandatory registra-
tion since 1984 and covers more than 99% of all somatic 
(including surgery) and psychiatric hospital admissions 
and discharges.15 The SPDR contains data on all prescribed 
medications collected from pharmacies in Sweden since 
2005. Linkage of patient-level data was performed by the 
Swedish National Board of Health and Welfare using the 
unique personal identification (ID) numbers, mandatory 
for every citizen in Sweden, and thereafter replaced by a 
study ID for further data processing.

Study population
The study population included all patients with T2D 
initiating use of GLD (ATC code A10B) from 1 January 
2007 to 31 December 2016. The index date was defined 

as the date of the first collected prescription of a GLD 
from the pharmacy during the observation period. To be 
defined as a first-time user, the patient should not have 
collected any prescriptions for GLD prior to the index 
date. Patient characteristics at baseline were established 
using hospitalisation (ICD-10 diagnoses codes) and 
drug utilisation data from national registers from 1987 
onwards. Patients with collection of GLD from the phar-
macy before the study period were excluded.

Three study sub  populations were defined based on 
patients’ clinical characteristics when collecting their 
first-time GLD was from the pharmacy (baseline/index).
1.	 T2D patients without IHD: first-time GLD treated T2D 

patients without any previous diagnosis of IHD (de-
fined as a history of MI, unstable angina or stable angi-
na pectoris) (ICD-10: I20–I25).

2.	 T2D patients with IHD without prior MI: first-time 
GLD treated T2D patients with previous diagnosis of 
IHD without MI (defined as a history of stable or unsta-
ble angina pectoris [ICD-10: I25], but no MI).

3.	 T2D patients with IHD with prior MI: defined as first-
time GLD treated T2D patients with a history of MI 
(ICD-10: I21–I24).

For the secondary objective, the three study popula-
tions were further stratified into the following age cate-
gories (based on age at first GLD collection GLD): <55 
years, 55–64 years, 65–74 years, 75–84 years and >85 years.

Outcomes
The primary CV outcome was a composite of hospitalisa-
tion with main diagnosis of non-fatal MI (ICD-10: I21), 
non-fatal stroke (ICD-10: I61–I64) or CV death (death 
with ICD-10 codes I00–I99 as a primary diagnosis).

Sensitivity and additional analyses
In order to test the impact of prior stroke, outcomes in 
T2D patients without IHD, MI or stroke were compared 
with T2D patients with IHD without prior MI or stroke, 
and T2D patients with IHD with MI without stroke.

All-cause mortality in the three study populations was 
described.

Patient and public involvement
This was a cohort study using nationwide register data. 
No patients were involved in the design of the study. 
The presented results will hopefully lead to an increased 
awareness of CV risk for various T2D populations and 
thus lead to improved management of patients with T2D.

Statistical analyses
Baseline characteristics are presented as mean and SD for 
continuous variables and absolute and relative frequen-
cies for categorical variables. Each patient was followed 
from date of index date to date of death, or end of study 
observational period. Comparison between groups with 
respect to time to event outcomes were analysed using 
Cox proportional hazards models adjusted for age, 
sex, T2D duration, atrial fibrillation and heart failure. 
The results are illustrated using predicted cumulative 
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incidence plots (based on the Cox models), as well as in 
unadjusted Kaplan-Meier plots.

In order to explore the change in relative risk related to 
age, a Cox model was developed where age was modelled 
using a restricted cubic spline with five knots. The results 
are illustrated as the log of the HR over time with the 
mean age of the total cohort as the reference.

Results are presented as HRs and 95% CIs. Statistical 
analyses were performed using SAS V.9.3 and R V.3.5.0.

Results
Overall, 260 070 T2D patients were first-time users of 
a GLD during the observation period and could be 
included. Of these, 221 226 (85%) were included in T2D 
population without IHD, 16 294 (6%) in the T2D IHD 
population without MI and 22 550 (9%) in the T2D IHD 
population with a history of MI. Mean follow-up (FU) was 
4.5 years with a maximum of 9.0 years, compromising a 
total of 1 179 802 patient years of FU.

T2D patients without IHD were younger (61.4 years), 
more often female (45%) and had a lower incidence of 
stroke (5%), atrial fibrillation (6%) and heart failure 
(3%) compared with the two T2D IHD populations 
(table  1). The IHD population without a history of MI 
had a mean age of 70.9 versus 70.3 years in IHD patients 
with a history of MI. The two IHD populations included 
40% versus 29% women, 10% versus 11% stroke, 22% 
versus 22% atrial fibrillation and 19% versus 28% heart 
failure, respectively. There were minor differences in 
GLD therapy among the three study populations, with 
the majority of patients treated with metformin (>76%), 
sulfonylurea (>6%) or insulin (>11%). A greater propor-
tion of the T2D IHD population with a history of MI were 
treated with insulin (15.0%). More patients in the two 
IHD populations were treated with statins (68% vs 26%), 
antiplatelets (71% vs 17%) and antihypertensives (92% vs 
56%) than the T2D patients without IHD.

The cumulative rate of the primary composite CV 
outcome (MI, stroke or CVD) was 5.69% in T2D popu-
lation without IHD, 13.08% in the T2D IHD population 
without MI and 18.83% in the T2D IHD population with 
a history of MI during the 3 years FU (see online supple-
mentary figure 1). T2D patients without IHD had a lower 
risk of the CV outcome compared with the T2D popula-
tions with IHD (3-year adjusted cumulative incidence for 
a 63-year-old patient [mean age of the study population] 
4.78% vs 5.85% and 8.04%) (figure 1 and online supple-
mentary table 1A). The greater risk seen for T2D IHD 
patients with no prior MI versus patients without IHD was 
primarily driven by MI (3-year adjusted cumulative inci-
dence 1.66% vs 3.09%) (figure 1 and online supplemen-
tary table 1B). The risk for stroke and CV death followed 
the same pattern as did the primary CV outcome and MI 
(see online supplementary table 1C,D). The 3 years cumu-
lative mortality rate was 8.08%, 14.77% and 18.68% in the 
three study groups (see online supplementary figure 2).

The results of the sensitivity analysis with exclusion 
of patients with a history of stroke showed a consistent 
pattern to the main results, T2D patients without IHD 
or stroke, had a lower risk of CV outcome compared 
with T2D IHD patients without MI and stroke and T2D 
patients with MI without stroke (3-year adjusted cumu-
lative incidence for a 62-year-old patient [mean age of 
the sensitivity analysis population] 4.22% vs 5.28% and 
7.80%). Also, in this population, the difference in risk was 
primarily driven by MI.

The baseline characteristics for patients were stratified 
by age at first pharmacy GLD collection irrespective of 
IHD status during the observation period (table 2). The 
proportion of women was lower, in the younger catego-
ries (<55 years), 42% compared with 61% among patients 
older than 85 years. The proportion of patients with 
cardiovascular comorbidities was greater in older patients, 
the proportion of patients with previous MI in >85 years 
was 19%, compared with 3% in patients <55 years, and 
the corresponding numbers for heart failure were 26% 
and 1%, respectively. The increased CV burden among 
the older patients was also reflected in the proportion 
of patients treated with secondary preventive drugs; the 
proportion of patients on statin therapy increased from 
16% to 26% and for antiplatelets from 8% to 53% for 
patients <55 years to >85 years. A larger proportion of the 
older patients were treated with insulin and sulfonylurea, 
whereas younger patients predominately were treated 
with metformin.

The short-term (3-year after index) risk of CV outcome 
for T2D patients differed among the three study popula-
tions in relation to age when collecting first GLD from 
pharmacy. Patients without IHD showed an almost linear 
association between age and relative risk of CV outcome 
respectively (figures 2 and 3). The presence of IHD was 
associated with a relatively higher increase in relative risk 
of CV outcome in younger (<60 years) patients (figures 
2 and 3). In patients with IHD, with or without previous 
MI, the relative CV and MI risk did not increase with age 
in patients younger than 65 years. In patients older 65 
years, there was an increased relative risk of CV outcome 
and risk of MI with increasing age (figures 2 and 3). In all 
age categories, the MI risk was the main risk contributor, 
both for T2D patients without IHD or MI and for the two 
IHD populations.

Discussion
In the present study, we examined a highly representa-
tive sample of all T2D patients initiating first-time glucose 
lowering treatment in a whole country for an 8-year period. 
There were two key findings: first, T2D patients without 
IHD had a lower risk of the CV outcome compared with 
the T2D populations with IHD. The difference in CV 
outcome was primarily driven by a greater risk of MI in 
T2D patients with IHD. Second, for T2D patients without 
IHD an almost linear association between age at start of 
GLD therapy and relative risk of CV outcome and MI 

https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
https://dx.doi.org/10.1136/bmjopen-2018-027199
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was observed, whereas in IHD patients, the younger (<60 
years) patients had a relative greater increase in short-
term CV risk compared with older patients. Also, in T2D 
patients with IHD, there was no increase in relative CV 
risk with increasing age until the age of 65, with a linear 
increase in risk thereafter.

Previously, it has been shown that a T2D population 
compared with the general population in Sweden has 
significant increased risk for CV events like MI, heart 
failure, atrial fibrillation and all-cause death.16 Over time 
from 1998 to 2013, the incidence of hospitalisation for 

CVD and CV mortality has almost decreased by half in 
patients with T2D but remained considerably higher than 
in matched controls without T2D.17

Our findings highlight that there is a marked difference 
in CV and MI risk in different T2D populations related to 
the presence and severity of IHD disease. Even the T2D 
patients without prior MI have a risk that is comparable to 
a post MI population.12 Bearing in mind that we focus on 
difference in short-term risk in this paper (3 year after initi-
ation of GLD treatment for T2D), and still see large differ-
ences in risk between the different study populations, it is 

Table 1  Baseline demographic and clinical characteristics for first-time GLD treated T2D patients without IHD, T2D IHD 
patients without MI and in T2D IHD patients with a history of MI

No IHD n=221 226 IHD without MI n=16 294 IHD with MI n=22 550 Total n=260 070

Age (years, mean, SD) 61.4 (13.8) 70.9 (10.5) 70.3 (11.1) 62.8 (13.8)

Age group (years)

 � <55, n (%) 64 987 (29.4) 1005 (6.2) 1879 (8.3) 67 871 (26.1)

 � 55–64, n (%) 60 785 (27.5) 3480 (21.4) 4944 (21.9) 69 209 (26.6)

 � 65–74, n (%) 57 619 (26.0) 5671 (34.8) 7484 (33.2) 70 774 (27.2)

 � 75–84, n (%) 29 105 (13.2) 4467 (27.4) 5763 (25.6) 39 335 (15.1)

 � 85+, n (%) 8730 (3.9) 1671 (10.3) 2480 (11.0) 12 881 (5.0)

Female sex, n (%) 99 389 (44.9) 6472 (39.7) 6632 (29.4) 112 493 (43.3)

Myocardial infarction, n (%) 0 (0.0) 0 (0.0) 22 550 (100.0) 22 550 (8.7)

Unstable angina, n (%) 0 (0.0) 3286 (20.2) 5085 (22.5) 8371 (3.2)

Angina pectoris, n (%) 0 (0.0) 8014 (49.2) 6545 (29.0) 14 559 (5.6)

Stroke, n (%) 11 080 (5.0) 1549 (9.5) 2504 (11.1) 15 133 (5.8)

Ischaemic stroke, n (%) 9730 (4.4) 1434 (8.8) 2324 (10.3) 13 488 (5.2)

Atrial fibrillation, n (%) 14 070 (6.4) 3530 (21.7) 4854 (21.5) 22 454 (8.6)

Heart failure, n (%) 7612 (3.4) 3025 (18.6) 6386 (28.3) 17 023 (6.5)

Prescribed drugs at first collection of glucose lowering drug

 � Antiplatelets, n (%) 37 214 (16.8) 11 670 (71.6) 18 081 (80.2) 66 965 (25.7)

 � �  Clopidogrel, n (%) 1781 (0.8) 1312 (8.1) 3716 (16.5) 6809 (2.6)

 � �  Low-dose ASA, n (%) 35 797 (16.2) 11 248 (69.0) 17 407 (77.2) 64 452 (24.8)

 � Anticoagulants, n (%) 10 636 (4.8) 2376 (14.6) 2945 (13.1) 15 957 (6.1)

 � Statins, n (%) 58 288 (26.3) 11 146 (68.4) 17 160 (76.1) 594 (33.3)

 � Antihypertensives, n (%) 122 861 (55.5) 14 962 (91.8) 20 805 (92.3) 158 628 (61.0)

 � �  Beta-blockers, n (%) 61 174 (27.7) 11 774 (72.3) 18 098 (80.3) 91 046 (35.0)

 � �  ACEIs, n (%) 47 838 (21.6) 5681 (34.9) 10 674 (47.3) 64 193 (24.7)

 � �  ARBs, n (%) 36 103 (16.3) 4263 (26.2) 5597 (24.8) 45 963 (17.7)

 � �  Ca-blockers, n (%) 43 338 (19.6) 5629 (34.5) 6412 (28.4) 55 379 (21.3)

 � �  Diuretics, n (%) 52 610 (23.8) 7228 (44.4) 9860 (43.7) 69 698 (26.8)

GLD

 � Insulin, n (%) 25 181 (11.4) 1917 (11.8) 3384 (15.0) 30 482 (11.7)

 � Metformin, n (%) 185 387 (83.8) 12 995 (79.8) 17 211 (76.3) 215 593 (82.9)

 � SU, n (%) 13 049 (5.9) 1311 (8.0) 1899 (8.4) 16 259 (6.3)

 � DPP-4is, n (%) 1784 (0.8) 181 (1.1) 327 (1.5) 2292 (0.9)

 � Metiglinides, n (%) 2488 (1.1) 274 (1.7) 430 (1.9) 3192 (1.2)

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASA, acetylsalicylic acid; Ca-blockers, calcium-
channel blocker; DPP-4is, pipeptidyl peptidase-4 inhibitors; GLD, glucose lowering drug; SU, sulfonylurea.
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inevitable that T2D patients with a history of IHD should 
be carefully monitored and managed with a long-term 
perspective. That is, by effective prevention programmes 
and aggressive drug therapy after being diagnosed with 
T2D, particularly in those considered to be at high risk of 
ischaemic events. The importance of risk factor control 
has recently been shown in a study from the Swedish 
National Diabetes Registry  (NDR) where patients with 
T2DM who had appropriate risk factor control had little 
or no excess risk of CV events as compared with the 
general population.18

The data included in our study is recent, but as manage-
ment of T2D is rapidly progressing, the observed GLD 
therapy, with a high proportion of patients treated with 
insulin. T2D drug therapy with the novel drug options, 
including glucagon-like peptide 1 analogues and sodi-
um-glucose cotransporter 2 inhibitors, have in addition to 
improving glucose control, been shown to be associated 
with lower rates of CV events and mortality compared 
with older glucose lowering therapies.19–22

Only a limited number of studies have examined the 
association between age at start of first-time GLD and CV 
risk. A recent study from Australia showed that a younger 
age at T2D diagnosis was associated with a higher risk of 
all-cause and CVD-related death.23 Hence, the duration 
of T2D was shown to be an important factor for life-time 
risk, as also reported previously in several other publica-
tions.16 That said, there is still a scarcity of data describing 
CV risk in T2D age-stratified populations, comparable to 
our findings, focusing on the relatively short-term CV risk 
after start of GLD therapy, and not the full life-time risk in 
relation to age at start of GLD therapy. Our findings are 
based on time from first collection of GLD from the phar-
macy and not the total duration of T2D prior to index 
(start of GLD therapy). We can thus only speculate that 
the IHD populations in general are older, have a higher 
morbidity burden and consequently would have seen 
more frequently by healthcare professionals and thus 
might have a relative earlier detection of their T2D than 
the non-IHD patients.24 The Swedish NDR has reported 

Figure 1  Adjusted probability plots* for time to the first occurrence of the composite CV composite outcome, and the 
components MI, stroke and CV death separately among T2D patients without IHD, T2D IHD patients without MI and in T2D IHD 
patients with a history of MI.*Predicted for the ‘average’ 63-year-old patient (mean age of the study population, and ‘mean’ of 
the following risk factors: sex, diabetes duration, atrial fibrillation and heart failure). CV, cardiovascular; CVD, cardiovascular 
disease; IHD, ischaemic heart disease; MI, myocardial infarction; T2D, type 2 diabetes. 
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that time from T2D diagnosis to GLD therapy initiation 
has been shorten during 2002 to 2011.25

For patients without a history of IHD at start of GLD 
therapy, an almost linear association between age and 

CV and MI risk was observed. In contrast, a relatively 
higher increase in risk for CV outcome and MI events was 
observed in younger patients with established IHD when 
starting with GLD, compared with older patients with 
IHD. Furthermore, a low proportion of the patients were 
treated with statins and antiplatelets, ranging from 16% 
statins and 8% antiplatelets for patients below 55 years, 
to 45% statins and 43% antiplatelets for patients of 75–84 
years.

Recent data from Sweden complementing our data 
examined clinical characteristics in age stratified T2D 
patients, and showed that patients who develop T2D 
earlier in life are more frequently obese, have a more 
adverse lipid profile, higher HbA1c levels and a faster dete-
rioration in glycaemic control compared with individuals 
who develop diabetes later in life.26 They also found 
that a low proportion of these young patients received 
blood pressure lowering drugs, statins and antiplatelet 
drugs.26 This more severe metabolic dysregulation, and 
inadequately provided drug therapy seen, may be asso-
ciated with accelerated atherosclerosis, supported by the 
recent findings of a correlation between younger age at 
T2D diagnosis, increasing number of variables not within 
target ranges and a higher relative risk of CVD outcomes.18 
The commonly seen low socioeconomic status among 
younger T2D patients might be a contributing factor to 
the noted increased risk, as low socioeconomic status in 
itself increases risk among T2D patients.27 28 This should 
be amenable to primary prevention both by lifestyle 
changes and medical treatment.

The combination of metabolic risk factors, start of 
GLD therapy and presences of IHD in young age predicts 
high risk of major adverse CV events, especially risk for 
MI. These findings further highlight the importance of 
providing a closer monitoring of younger T2D patients 
with established IHD. This is also further highlighted by 
our findings, where younger T2D patients in general are 
not receiving adequate treatment with blood pressure 
lowering drugs, statins and antiplatelet therapy. That 
said, there may be a possible uncertainty regarding clin-
ical responsibility for drug treatment initiation between 
specialist and primary care for these patients, which may 
hamper a thorough T2D patient management.

The strengths of our study are that it was conducted 
in a nationwide national cohort including all patients 
collecting a first-time GLD from pharmacy during the 
observational period, which limits the potential problems 
with selection bias. The study however also has limitations. 
First, we did not have access to clinical data describing the 
duration of T2D prior to GLD start, extent and severity of 
T2D (blood glucose, HbA1c, weight, smoking pattern and 
kidney function) which have an impact on the risk.29 30 
However, complementary data on these clinical variables 
from Sweden were recently published, showing that an 
unfavourable metabolic profile of the younger patients 
could be a part of the explanation for our findings.26 
Second, our study is reliant on ICD-10 codes for morbidity 
data and therefore, the possibility of coding errors cannot 

Figure 2  Spline plots for risk of composite CV outcome 
by age and IHD severity. Reference is mean age (63 years) 
in the T2D no IHD population. No IHD: T2D patients without 
IHD, T2D patients without any previous diagnosis of IHD. IHD 
wo MI: T2D patients with IHD without prior MI, T2D patients 
with previous diagnosis of IHD without MI. IHD with MI: T2D 
patients with IHD with prior MI, defined as T2D patients with 
a history of MI, and unstable angina or angina pectoris. CV, 
cardiovascular; IHD, ischaemic heart disease; MI, myocardial 
infarction; T2D, type 2 disease. 

Figure 3  Spline plots for MI risk by age and IHD severity. 
Reference is mean age (63 years) of the T2D no IHD 
population. No IHD: T2D patients without IHD, T2D patients 
without any previous diagnosis of IHD. IHD wo MI: T2D 
patients with IHD without prior MI, T2D patients with previous 
diagnosis of IHD without MI. IHD with MI: T2D patients with 
IHD with prior MI, defined as T2D patients with a history of 
MI, and unstable angina or angina pectoris. IHD, ischaemic 
heart disease; MI, myocardial infarction; T2D, type 2 disease. 
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be ruled out. However, previous data show that coding is 
correct in 98% of Swedish NPR entries.15 Another limita-
tion of our study was the lack of available data on socio-
economic status which is known to affect risk in T2D and 
CAD patients.31

Conclusion
In conclusion, T2D patients without IHD had a lower risk 
of the CV outcome compared with the T2D populations 
with IHD. The difference in CV outcome was primarily 
driven by a relative greater MI risk among the T2D IHD 
patients. Younger (<60 years) T2D IHD patients had a 
relatively higher risk of CV outcome, with MI as the main 
risk driver, compared with the older T2D IHD patients 
and T2D patients without a history of IHD. Risk factors 
other than age and conventional CV comorbidities 
seemed to be more important in T2D IHD patients below 
the age of 60 years at diagnosis, compared with older T2D 
IHD patients.

Our findings suggest that intense risk prevention should 
be the key strategy in the management of T2D patients, 
especially for younger patients, including both encour-
agement for positive lifestyle changes and prescription 
of secondary preventive drug therapy with antiplatelet 
therapy and statins. Ideally, to reduce CV outcome and 
progression of T2D, younger T2D patients with IHD 
should be offered participation in guideline-recom-
mended risk reduction programmes.
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