The Netherlands Journal of Medicine

ORIGINAL ARTICLE

Trends in mortality, cardiovascular
complications, and risk factors
in type 2 diabetes
E.M. Heintjes1*, E. Houben1, W.L. Beekman-Hendriks2, E. Lighaam2, S.M. Cremers2,
F.J.A. Penning-van Beest1, C.D.A. Stehouwer3, R.M.C. Herings1,4
PHARMO Institute for Drug Outcomes Research, Utrecht, the Netherlands; 2 AstraZeneca BV,
Den Haag, the Netherlands; 3Department of Internal Medicine and Cardiovascular Research Institute
Maastricht (CARIM), Maastricht University Medical Centre, Maastricht, the Netherlands;4 Department
of Epidemiology & Biostatistics, VU Medical Centre, Amsterdam, the Netherlands.
*Corresponding author: pharmo@pharmo.nl
1

ABSTR ACT

K EY WOR DS

Background: Quality of diabetes care in the Netherlands
ranked second in the Euro Diabetes Index 2014, but
data on outcomes are lacking. We assessed trends in
cardiovascular disease and mortality among type 2 diabetes
(T2DM) patients in the context of risk factor control.
Methods: Annual cohorts of adult T2DM patients were
constructed from the PHARMO Database Network.
Age-standardised mortality rates and incidence rates (IR)
of hospitalisations for acute myocardial infarction (AMI),
stroke, and congestive heart failure (CHF) were compared
with a diabetes-free population matched on age, sex, and
general practitioner. Life years lost (LYL) to T2DM or
cardiovascular disease were determined by comparing
life expectancy between matched groups. Proportions
attaining glycated haemoglobin (HbA1c), blood pressure
(BP), and low-density lipoprotein cholesterol (LDL-C) goals
were assessed annually.
Results: Among 53,602 T2DM patients, slight increases in
IR between 2008 and 2016 were proportional to those in
diabetes-free controls; on average T2DM increased the risk
of mortality by 86%, hospitalisation for AMI 69%, stroke
57%, and CHF 185%. At age 55, LYL to T2DM averaged 3.5
years and established CVD added 1.8 years, irrespective of
sex. HbA1c goal attainment increased from 58% to 65%,
LDL-C from 56% to 65%, and systolic BP from 57% to 72%.
Conclusion: Despite highly organised diabetes care, excess
incident cardiovascular events and mortality due to T2DM
did not decrease over the study period. Life expectancy
of T2DM patients is significantly reduced and risk factor
control is suboptimal. This suggests there is considerable
room for improvement of diabetes care in the Netherlands.

Cardiovascular events, glucose-lowering drugs, mortality,
risk factor control, type 2 diabetes

INTRODUCTION
The quality of T2DM care in the Netherlands ranked
second in the Euro Diabetes Index 2014,1 due to its
highly organised primary care programs that involve
regular check-ups in a multidisciplinary team of general
practitioners (GPs), assistants, dieticians, podologists, and
ophthalmologists. GPs are the primary treating physicians
of T2DM patients in the Netherlands. Quality indicators
used by healthcare insurance companies to incentivise
GPs to optimise diabetes care focus on procedural aspects
of care, such as the intervals between check-ups and
adherence to guidelines with respect to risk factor control
and treatment. The Euro Diabetes Index 20141 stated that
the main criticism of Dutch diabetes care is the lack of data
on short- and long-term cardiovascular outcomes.
T2DM is associated with increased risk of microvascular
complications, cardiovascular morbidity, and mortality,2,3
which is generally more pronounced among women. 4
The aim of T2DM treatment guidelines is stated as the
prevention and treatment of micro- and macrovascular
complications.5-7 Lifestyle advice includes a healthy diet,
smoking cessation, increased exercise, and weight loss.
Treatment targets are set for the three pharmacologically
treatable risk factors low-density lipoprotein cholesterol
(LDL-C), blood pressure (BP), and glycated haemoglobin
(HbA1c). The relationship between LDL-C and BP and
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major cardiovascular events is well established.8,9 For
HbA1c, there is a well-established relationship with
microvascular complications10,11 and to a lesser extent with
macrovascular complications.12,13 The Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial showed
that intensive glucose-lowering treatment to reach HbA1c
< 42 mmol/mol (< 6%) decreased the risk of microvascular
events and myocardial infarctions, but increased the
risk of mortality and severe hypoglycaemic events.13,14
Re-evaluation of the benefits and risks of treatment in
specific age groups led to the introduction of individualised
targets in the 2013 revision of the Dutch treatment
guideline for T2DM.5
No new BP and cholesterol-lowering drugs were introduced
in the study period, except for pro-protein convertase
subtillsin/kexin type 9 (PCSK-9) inhibitors for very
high-risk patients in 2015.15 Glucose-lowering treatment
options changed considerably, with new additions in
the classes of dipeptidyl peptidase 4 (DPP-4) inhibitors,
glucagon-like peptide 1 receptor agonists (GLP1-RA)
and sodium-glucose co-transporter 2 (SGLT-2) inhibitors,16
and withdrawal of rosiglitazone. Nevertheless, the stepwise
treatment algorithm to obtain glycaemic control (start
with metformin and if necessary, add sulfonylureas (SU)
and ultimately basal insulin) was only revised with regard
to the mention of gliclazide as preferred SU in 2013.5 This
was due to its low risk of cardiovascular mortality and
hypoglycaemia in comparison to other SUs, and the fact
that no dose adjustment is deemed necessary for renal
impairment.17
In Sweden, a country with good quality and accessibility
of health care, incidence rates of cardiovascular disease
remained high despite changing diabetes care. However,
improvements in the number of life years lost to
diabetes were observed in a T2DM population relative
to a diabetes-free population from 2006 to 2013, with
the excess mortality among women slowly declining
over time.18 So far, it is unclear what changes have
occurred in diabetes care and outcomes in the Netherlands.
We therefore investigated trends in excess cardiovascular
incidence and mortality in the T2DM population relative to
the diabetes-free population between 2008 and 2016, goal
attainment of pharmacologically-treated risk factors, and
changing glucose-lowering treatment, in view of changing
guidelines.

care hospitalisations, and mortality records. In order to be
able to accurately capture cardiovascular event dates, we
used hospitalisation data from the Dutch Hospital Data
Foundation.19 The source population for this study was
limited to the overlapping geographical areas in which
these data were collected. Mandatory health insurance
and required registration with a GP makes the GP
Database representative of the general Dutch population.
The out-patient Pharmacy Database is representative of the
general population that has picked up prescription drugs
or has registered with a pharmacy. Therefore, the diabetes
population represented in the PHARMO Database Network
has been shown to be representative of the pharmacologically-treated Dutch diabetes population.20
Within this source population, we identified annual
cohorts of patients with T2DM with index dates of
January 1st of each year in the period 2008-2016. Patients
with less than a year of recorded history prior to index
date (i.e., start of data collection < 365 days before index
date) were excluded from the annual cohort. Patients were
identified based on at least two glucose-lowering drug
(GLD) dispensings within the year prior to index date.
Inclusion was restricted to patients aged 18 or older at
index date, without type 1 diabetes, gestational diabetes,
or polycystic ovary syndrome. Matched cohorts of patients
without diabetes were created separately for each annual
cohort based on age (i.e., matched 1:1 with birth year),
sex, and treating GP, to control for possible differences
in recording of morbidity and data collection periods
between GPs.
Patient characteristics
Prevalent cardiovascular morbidity and cancer at index
date were extracted from GP and hospitalisation records
in all available history. Antihypertensive medication use,
statin use, and platelet aggregation inhibitor use were
determined in the year prior to index date. In the year prior
to index date, the last recorded body mass index (BMI)
and BP were extracted from GP records; HbA1c and LDL-C
from GP records were supplemented with available clinical
laboratory results.
Cardiovascular events and mortality
Annual age-standardised mortality rates and incidence
rates of hospitalisations for acute myocardial infarction
(AMI), congestive heart failure (CHF), and stroke were
determined in the year after index date. Patients with
T2DM were compared to matched controls without diabetes
using rate ratios (RR).
The number of life years lost to T2DM, cardiovascular
disease (CVD; including AMI, angina pectoris, CHF,
stroke, and peripheral artery disease) or both T2DM and
CVD were determined by subtracting life expectancy in
patients with the condition to those without it.

MATERIALS AND METHODS
Setting and patient selection
Health care data were obtained from the PHARMO
Database Network, which links out-patient pharmacy drug
dispensings, laboratory test results from both primary
and secondary care, primary care GP records, secondary
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Unmatched patients with T2DM were excluded from
analyses of cardiovascular events and mortality.

class of GLD was initiated as second-line GLD after at
least six months of first-line metformin monotherapy,
either as add-on or switch. First-line therapy was defined
as the first GLD dispensing after at least six months of
recorded medication history without GLD. Simultaneous
initiation of more than one GLD class was classified as
‘other’ GLD in this analysis.

Risk factor control
HbA1c goal attainment was assessed per age group
according to the guidelines in use. From 2008-2012 the
HbA1c target was 53 mmol/mol (7.0%) for all age groups.
After the revision of the Dutch GP guidelines in 2013, the
HbA1c target of 53 mmol/mol (7.0%) remained unchanged
for patients aged < 70 and for elderly patients who were
managed with lifestyle advice or treated with metformin
only. For patients over 70 years treated with other GLD,
the target was set to 58 mmol/mol (7.5%) if they were
diagnosed up to 10 years ago, or 64 mmol/mol (8.0%)
if they were diagnosed more than 10 years ago. For LDL-C
and systolic blood pressure (SBP), the corresponding
targets were set at ≤ 2.5 mmol/l and ≤ 140 mmHg,
respectively. For patients over 80 the SBP target was raised
to 160 mmHg in 2013.

Statistical analyses
Confidence intervals around annual incidence rates
(excluding patients with a history of the event investigated)
were based on Byar’s approximation of the Poisson
distribution. Trends over time were tested using Poisson
regression at P-value < 0.05. Age standardisation of
incidence rates was performed by direct standardisation
where the Dutch population on January 1st of the calendar
year (according to data from the Dutch Central Bureau for
Statistics) was used as the standard population.21
Sullivan’s life table analysis was applied for calculating
life expectancy at the specific reference age using 2-year
age strata. The Sullivan method combines information on
morbidity and mortality to estimate years lived with and
without a specific disease, i.e., T2DM, CVD, or both.22 Sex
differences were explored for all outcomes. All analyses
were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

GLD use
The type of GLD treatment was determined using
drug classes based on level 3 Anatomical Therapeutic
Chemical coding for non-insulin GLD, and insulin
was considered as one class. In addition, gliclazide was
analysed separately from other SUs. The proportion
of patients in each annual cohort using specific GLD
classes at some time during the year was determined.
Furthermore, per annual cohort, we recorded which new

R ESULTS

Figure 1. Flow chart of patient selection per annual cohort

GLD = glucose-lowering drugs; T1DM = type 1 diabetes mellitus
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Antihypertensives

Cancer

PAD

Ischaemic stroke

CHF

AP

AMI

Any CVD

Age, mean ± SD

Male, n (%)

2,025 (30)

4,081 (60)

4,659 (69)

365 (5)

481 (7)

293 (4)

202 (3)

739 (11)

405 (6)

1,561 (23)

66 ± 12

3,425 (51)

2008
n = 6,768

5,147 (31)

10,357 (61)

12,051 (72)

1,068 (6)

1,099 (7)

1,016 (6)

545 (3)

1,958 (12)

1,138 (7)

4,138 (25)

66 ± 12

8,795 (52)

2009
n = 16,851

6,801 (31)

14,219 (64)

15,975 (72)

1,725 (8)

1,574 (7)

1,445 (6)

860 (4)

2,792 (13)

1,606 (7)

5,924 (27)

67 ± 12

11,713 (53)

2010
n = 22,298

8,397 (31)

17,991 (66)

19,832 (73)

2,385 (9)

2,077 (8)

2,051 (8)

1,178 (4)

3,611 (13)

2,120 (8)

7,774 (28)

67 ± 11

14,365 (53)

2011
n = 27,300

9,377 (31)

20,228 (67)

22,150 (74)

2,989 (10)

2,453 (8)

2,448 (8)

1,412 (5)

4,259 (14)

2,537 (8)

9,094 (30)

68 ± 11

15,876 (53)

2012
n = 30,037

9,552 (31)

21,066 (68)

22,752 (74)

3,567 (12)

2,823 (9)

2,569 (8)

1,622 (5)

4,482 (15)

2,708 (9)

9,695 (31)

68 ± 12

16,312 (53)

2013
n = 30,867

10,472 (31)

23,204 (69)

25,055 (74)

4,305 (13)

3,308 (10)

2,887 (9)

1,908 (6)

5,107 (15)

3,153 (9)

11,071 (33)

68 ± 11

18,101 (53)

2014
n = 33,842

11,093 (31)

24,912 (69)

26,750 (74)

5,051 (14)

3,715 (10)

3,491 (10)

2,274 (6)

5,707 (16)

3,752 (10)

12,594 (35)

69 ± 11

19,642 (54)

2015
n = 36,213

8,958 (31)

19,658 (68)

21,204 (74)

4,395 (15)

3,243 (11)

3,070 (11)

1,899 (7)

4,693 (16)

3,228 (11)

10,600 (37)

69 ± 11

15,795 (55)

2016
n = 28,779

0.6324

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

< .0001

p for trend

Co-medication

3,377 (50)
30 ± 5

9,540 (57)

30 ± 5

14,476 (65)

30 ± 5

18,347 (67)

30 ± 5

20,961 (70)

30 ± 5

22,351 (72)

30 ± 5

26,062 (77)

30 ± 5

29,209 (81)

30 ± 5

23,538 (82)

0.0363

<.0001

11,493 (68)

52 ± 11

16,111 (72)

52 ± 11

22,037 (81)

52 ± 11

24,681 (82)

53 ± 11

25,100 (81)

53 ± 11

28,314 (84)

54 ± 11

31,461 (87)

54 ± 12

25,245 (88)

<.0001

<.0001

Mean mmol/l ± SD

Recorded, n (%)

3,954 (58)

2.5 ± 0.9

4,246 (63)

141 ± 17

10,265 (61)

2.5 ± 0.9

11,601 (69)

15,583 (70)

140 ± 17

15,640 (70)

2.5 ± 0.9

15,776 (71)

78 ± 9

20,122 (74)

139 ± 17

20,231 (74)

2.5 ± 0.9

20,696 (76)

78 ± 9

22,845 (76)

138 ± 16

22,835 (76)

2.4 ± 0.9

23,033 (77)

78 ± 9

23,521 (76)

138 ± 16

23,541 (76)

2.4 ± 0.9

23,509 (76)

77 ± 9

27,143 (80)

137 ± 16

27,189 (80)

2.4 ± 0.9

26,554 (78)

77 ± 9

30,366 (84)

137 ± 16

30,396 (84)

2.4 ± 0.9

29,905 (83)

77 ± 9

24,370 (85)

137 ± 16

24,430 (85)

2.3 ± 0.9

24,423 (85)

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

Diastolic BPb
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Table 1. Characteristics of T2DM patients per annual cohort

Statins

30 ± 5
4,221 (62)

53 ± 11

Recorded, n (%)

141 ± 17

10,199 (61)

79 ± 9

N O V E M B E R 2 0 19 , V O L . 7 7, N O . 0 9

Morbiditya, n (%)

Platelet aggregation
Inhibitors
Recorded, n (%)

BMIb
Mean kg/m2 ± SD
Recorded, n (%)
52 ± 11

HbA1cb
Mean mmol/mol ± SD

Mean mmHg ± SD

3,923 (58)

79 ± 9

LDL-Cb

Recorded, n (%)

79 ± 9

Systolic BPb

Mean mmHg ± SD

a
Recorded in all available history; bLast recorded in the year prior to index date; c According to the general practioner guidelines, applicable at that time in the Netherlands and relative to known values only.
AMI = acute myocardial infarction; AP = angina pectoris; BMI = body mass index; BP = blood pressure; CHF = congestive heart failure; CVD = cerebrovascular disease; HbA1c = glycated haemoglobin; LDL-C = low-density
lipoprotein cholesterol; PAD = peripheral artery disease; SD = standard deviation
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Patient selection, characteristics
In total, 53,602 T2DM patients were included in annual
cohorts (figure 1). Fewer than 4% could not be matched
to diabetes-free patients because age- and sex-matched
controls were not available in some general practices.
The proportion of men increased from 51% to 55%
between 2008 and 2016 and the overall mean age
from 66 to 69 years (table 1), with women being
slightly older (68 to 71 years) than men (64 to 68
years). The proportion with cardiovascular morbidity
increased from 23% to 37% and cancer from 5% to 15%.

Antihypertensive drug use increased from 69% to 74%
and statin use from 60% to 68%; platelet aggregation
inhibitor use was stable over time at 31% (not included
in table 1).
The proportion of patients with recorded assessments of
LDL-C, BP, HbA1c, and BMI increased over time (table 1).
Mean levels of LDL-C, BP, and HbA1c decreased slightly
over the study period. Mean BMI was 30 kg/m2 (SD 5 kg/
m2) over the entire study period and comparable between
sexes. Characteristics of matched cohorts of patients
without diabetes are presented in Supplemental table 1.

Figure 2. Age-standardised IR and RR of major cardiovascular events and mortality, T2DM vs. no DM

AMI = acute myocardial infarction; CHF = congestive heart failure; CI = confidence interval; DM = diabetes mellitus; IR = incidence rates; RR = rate
ratio; T2DM = type 2 diabetes mellitus

Heintjes et al. Trends in diabetes complications and risk factors.
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Cardiovascular events and mortality
Age-standardised incidence rates of hospitalisations
for cardiovascular (CV) events (AMI, CHF, and stroke),
and mortality rates were higher among T2DM patients
compared to diabetes-free patients (figure 2). On average,
T2DM increased the risk of mortality by 86% without a
clear trend over the study period. Slowly increasing trends
were observed for age-standardised incidence rates for CV
events (p for trendT2DM = 0.0153 for AMI; < .0001 for CHF
and stroke) and mortality (p for trendT2DM < .0001), but
RRs did not show clear trends, indicating the increase was
proportional in diabetes patients and non-diabetes patients.
On average, T2DM increased the risk of AMI by 69%, CHF
by 185%, and stroke by 57%. Incidence rates for AMI and
mortality were considerably higher for males compared to
females, but RRs were similar between sexes (Supplemental
figure 1).

Figure 3. Life years lost to T2DM, to T2DM with
CVD, and to CVD within T2DM

Life years lost to T2DM decreased from 3.5 years at age 55
to just over 1 year at age 80 (figure 3). No clear differences
were observed between the sexes. Below the age of 55 the
power was insufficient for both sexes to reliably calculate
the life years lost to T2DM. The number of life years lost
to the combination of T2DM with CVD ranged from
about 5 years at age 55, and just below 2 years at age 80.
CVD combined with T2DM thus caused an additional loss
of 1.5 years at age 55 and 0.7 years at age 80 compared to
T2DM alone. Comparing patients with and without CVD

T2DM = type 2 diabetes mellitus; CVD = cardiovascular disease

within a T2DM population resulted in about 1.8 life years
lost to CVD at age 55 (higher for men) and 0.7 years at age
80 in both sexes.
Risk factor control
Figure 4 shows proportions of patients at goal for LDL-C,
SBP, HbA1c, and all risk factors combined over time,

Figure 4. Risk factor goal attainment per age group

LDL-C = low-density lipoprotein cholesterol; HbA1c = glycated haemoglobin; SBP = systolic blood pressure
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stratified by age group. Overall LDL-C goal attainment
rose from 56% in 2009 to 65% in 2016 (p for trend <
.0001) (male 60% to 69%, female 50% to 60%, data not
shown). Overall SBP goal attainment rose from 57% to 72%
(p for trend < .0001), HbA1c goal attainment from 58% to
65% (p for trend < .0001), both similar between the sexes
(data not shown). LDL-C and HbA1c goal attainment were
considerably lower among the younger age groups, whereas
SBP goal attainment was considerably higher. In 2009,
21% of patients attained all goals, which rose to 33% in
2016 (p for trend < .0001). The lowered HbA1c targets for
patients over age 70 treated with metformin only caused
HbA1c targets to rise sharply in 2013, but this had a very
limited effect on combined goal attainment for the age
group of 70-80 years. Raised SBP and HbA1c targets for
patients over the age of 80 in 2013 caused combined goal
attainment to double from 22% to 44% in this group.
Combined goal attainment was about 3-4% points lower
in women than in men over the entire study period
(Supplemental table 2).

about 1% in 2012; for DPP-4 inhibitors, the proportions
increased from 1% in 2008 to 7% in 2013, after which the
proportion stabilised. Other GLD were used by only up to
0.5% of patients.
In total, second-line treatment after ≥ 6 months
mono-metformin use was recorded for 4,159 patients
during the study period (2008-2016). The proportion
starting second-line therapy with SUs dropped from 96%
in 2008 to 80% in 2012, then increased to 93% again in
2016 (figure 6). Within the SU class, the use of gliclazide
decreased from 23% to 19% until 2012; afterwards, it
increased sharply to 88% of all second-line therapy.
The second most-used GLD drug class in second-line
therapy was DPP-4 inhibitors, which increased until 2012
and then decreased again.

DISCUSSION
In the Netherlands, loss of life due to T2DM is
considerable, averaging 3.5 years at the age of 55 compared
to the general population and independent of sex. Diabetes
and CVD combined, account for 5 years lost at age 55.
Within the diabetes population, CVD accounts for 1.5 to 2
years lost at age 55. CVD is therefore an important driving
factor behind diabetes mortality, which is why diabetes
treatment guidelines aim to prevent excess mortality
through prevention of CVD. Nevertheless, in our cohort
of diabetes patients requiring glucose-lowering treatment,
incidence rates for hospitalisations for AMI, stroke, and
CHF, as well as mortality rates, increased slightly over the

GLD use
More than 80% of patients used metformin, which
increased slowly over the study period (figure 5).
The proportion using SUs decreased from 50% in 2008
to 43% in 2016. Between 2012 and 2016, a sharp increase
in gliclazide use from about 11% to approximately 25%
was observed. The proportion of insulin users was
approximately 25%, showing a minimal increase over
the whole study period. The proportion of patients using
thiazolidinediones dropped from about 7% in 2008 to

Figure 5. Proportion using GLD class

Figure 6. Distribution of second-line GLD class
initiated after metformin monotherapy

DPP-4i = dipeptidyl peptidase 4 inhibitor; GLD = glucose-lowering
drugs; GLP1-RA = glucagon like peptide 1 receptor agonist; SGLT-2i
= sodium-glucose co-transporter 2 inhibitor; SU = sulfonylurea
derivative; TZD = thiazolidinedione

DPP-4i = dipeptidyl peptidase 4 inhibitor; GLD = glucose-lowering
drugs; GLP1-RA = glucagon like peptide 1 receptor agonist; SGLT-2i
= sodium-glucose co-transporter 2 inhibitor; SU = sulfonylurea
derivative; TZD = thiazolidinedione
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study period. Interestingly, this also occurred to a similar
extent, in the matched diabetes-free patients, and no
obvious trends could be observed in the RRs, suggesting
that changes in guidelines did not yet result in reduced
CVD or mortality.

potential gain for young patients.26 Results of combined
risk factor control and life years lost in our study suggest
much can be gained by more aggressive treat-to-target in
young patients.26
According to our analyses, loss of life years attributable
to diabetes is less than 1 year at age 80. Physicians will
therefore be less inclined to treat-to-target, which is
aligned with the Dutch GP guidelines stating that in
elderly patients, prevention of symptomatic hyper- and
hypoglycaemic events is the main focus, rather than goal
attainment.5 The raise of HbA1c and SBP targets in the
2013 revision of the guidelines are based on the same
principle.5 It also states that it is up to the GP to convince
younger patients to adhere to targets, even if patients prefer
not to because of the impact on life style.5

Excess risk of AMI and stroke in our study were within
the same range as reported by a Swedish study (69% vs.
70% for AMI; 50% vs. 57% for stroke) but excess risk of
CHF was higher in our study (185% vs. 80%)18. This may
be explained by the fact that we based incidence rates of
cardiovascular events on hospitalisations only, in order
to capture accurate event dates. However, with respect
to CHF, there may be some detection bias: patients with
T2DM may be referred to a hospital sooner than patients
without CHF because GPs may be more vigilant in this
population and may suspect CHF sooner. A Spanish study
found that despite a 5-fold increase in hospitalisations
for CHF in diabetes patients compared to non-diabetes
patients, the mortality rate was actually lower,23 which
would aligns with the idea that diabetes patients are
referred sooner.

Use of GLD was aligned with the position of the Dutch
GP guidelines: metformin, SU, and insulin were the
most frequently-used medications; new drug types such
as DPP-4 inhibitors, GLP1-RA, and SGLT-2 inhibitors
were used by fewer than 10% of patients during the
entire study period. According to the 2006 guideline,
first-line oral GLD should be metformin, and second-line
treatment, the addition of SU.6 The increase in use
of DPP-4 inhibitors as second-line treatment over the
period 2008-2012 was probably a result of reported
lower rates of hypoglycaemic events compared to SU.27
In 2010, the Dutch GP association discouraged the use
of DPP-4 inhibitors and GLP1-RA because of lack of
evidence of long-term safety and efficacy.28 In the 2013,
revision of this position was confirmed, and gliclazide
was introduced as preferred SU.5 After 2013, gliclazide use
increased substantially, whereas other SU use decreased
substantially, and DPP-4 inhibitor use declined slowly. This
pattern is especially evident in the initiation of second-line
treatment after a minimum of six months metformin
monotherapy as first-line treatment. In Sweden, the use
of insulin increased by 30% in the period 2006-2013 to
28%, whereas the use of SU decreased by 55%.18 Relative
changes in overall SU use (-14%) and insulin use (+10%)
in the Netherlands were very modest.
Even though the Dutch guidelines indicate treatment
intensification usually increases treatment satisfaction, the
importance of reaching a consensus with the patient is also
highlighted.5 Treatment inertia may be driven in part by
reluctance of patients to initiate insulin therapy if targets
are not reached with metformin or SU.29 Basal insulin
has long been the only third-line treatment option in the
conservative Dutch guidelines, with high adherence.5,6 In
that respect, it is interesting to note that in the 2018 partial
revision of the Dutch GP guidelines, third-line treatment
options now include GLP1-RA and DPP-4 inhibitors as
alternatives to basal insulin. If glycaemic control is not
reached with those options, acarbose, SGLT-2 inhibitors,

In T2DM patients, incident AMI and mortality are
generally reported to be higher for men, similar to our
results, but excess risk of cardiovascular morbidity and
mortality due to T2DM is usually higher in women
compared to men, in contrast to our findings.2,3,24 A
trend of diminishing sex differences among high-income
countries has been reported with respect to mortality,
cardiovascular outcomes, and treatment.18,25 Differences in
treatment, higher life expectancy of diabetes-free women,
as well as a greater decline in risk factors associated with
diabetes in women compared to men are all thought to
contribute to the sex difference in excess mortality.2,3,24
LDL-C, SBP, and HbA1c have been shown to be important
risk factors for excess mortality in diabetes: non-smokers
without albuminuria and LDL-C, SBP, and HbA1c within
target ranges were reported to have limited to no excess
risk of mortality, AMI, or stroke, although substantial
excess risk of heart failure due to T2DM remained.2,3,26
Access to health care in Scandinavian countries is similar
to the Netherlands. It is therefore interesting to note that
the number of life years lost by Swedish men is similar to
Dutch men and women, but Swedish women had a slightly
higher excess mortality, despite declining sex differences
since 2006.18
In our study, we found that despite modest improvements
over time, goal attainment for LDL-C and HbA1c was
especially poor in younger patients. Only approximately
25% of patients under the age of 60 have LDL-C, SBP,
and HbA1c within target range. This is important, since
the Swedish study also suggested there may be greater
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pioglitazone, or repaglinide may be considered.30
International guidelines have adopted the use of the new
treatment classes as early as second-line treatment31 and as
a result, in many other European countries, their use was
incorporated into diabetes type 2 care much earlier and to
a greater extent over the past decade.1,18,32

study period. The risk factors albuminuria and smoking
were not included in our study. The increased prevalence
of comorbidities over the study period is observed in both
T2DM and control cohorts; therefore, this may be attributed
to increasing age and disease duration, rather than improved
recording practices.
Although mortality rates in the general Dutch population
are reported to decrease over time,34 we observed a slight
increase in our control cohort. The fact that we analysed
an ageing subgroup of the general population might
explain this difference, because younger age groups were
underrepresented and therefore grouped together for
standardisation. As the aim was to compare our cohorts,
age standardisation can serve to compare rates with
other diabetes studies, but not with general populations.
Adherence to guidelines has remained strong over the past
decade, which is reflected in the conservative choices of
treatment, indicating alignment with changing guidelines.
During the study period, around two-thirds of patients
attained goals for HbA1c, BP, and LDL-C. Despite these
signs of good quality in diabetes care, only one in three
reached combined goal attainment in 2016. Event rates of
cardiovascular events and mortality increased over time,
although the increase in T2DM patients was proportional
to that in the diabetes-free population and no clear trend
could be observed for RR. T2DM shortens a 55-year-old
patient´s life expectancy by 3.5 years, irrespective of sex.
The presence of cardiovascular complications reduces the
number of life years by an additional two years at the age
of 55. Trends in excess cardiovascular events and mortality
due to T2DM were similar to those found in Sweden,
although sex differences were absent. Poor risk factor
control below the age of 60 suggests that major gains may
be expected from further improving cardiovascular risk
factor control in diabetes patients.

Strengths and limitations
The data used for this study come from regular care and
were not recorded for research purposes. Completeness
of data and detail of information could therefore not be
controlled. By matching patients on age, sex, and GP
practice, it was ensured that differences in event rates
between cohorts with and without T2DM were not driven
by differences in recording of events by different GPs.
The study was performed in a database representative
of the Dutch population and standard T2DM care in the
Netherlands, combining diabetes treatment prescribed
in both primary and secondary care. We limited analyses
to pharmacologically-treated patients, which excludes
approximately 20% of all diabetes patients. This may
have led to overestimation of the cardiovascular risk for
the entire T2DM population. The slightly higher HbA1c
goal attainment reported in this study in comparison to
a previous Dutch study covering a different part of the
Netherlands, may have been caused by the inclusion of
patients not using GLD, who are less severely diseased.33
Due to transfer of data governance during the study
period, coverage of hospitals in the Hospitalisation
Database dropped to 85% in 2016. However, this sample
of participating hospitals from which data are collected is
representative of all Dutch hospitals with regard to type
of hospital. Generalisability of our study to the Dutch
population was therefore considered good.
The majority of HbA1c and LDL measurements were
retrieved from GPs. Clinical laboratory data were used to
complete those measurements for patients in secondary care
(5-10% of patients), but these records were not available for
all patients. This may have led to an underrepresentation of
patients with poor glycaemic control and high cardiovascular
risk for this subset. Furthermore, assessments of HbA1c,
LDL, BMI, and BP in GP records were more frequently
recorded over time, probably due to health insurance
companies reimbursing GPs for the quality of record
keeping when the GP is the primary treating physician
in the management of T2DM, per incentives that were
introduced in 2010. In general, we assume that GPs may
have been more likely to record patients off target than those
on target before 2010. If recording proportions increase
due to the 2010 introduced incentives, this may account for
more patients who are registered at target. Therefore, we
may have underestimated goal attainment at the start of the
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Supplemental files

Supplemental figure 1. Sex-stratified age-standardised IR and RR of major cardiovascular events and mortality,
T2DM vs. no DM

AMI = acute myocardial infarction; CHF = congestive heart failure; CI = confidence interval; DM = diabetes mellitus, IR = incidence rates;
RR = rate ratio; T2DM = type 2 diabetes mellitus
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Antihypertensives

Cancer

PAD

Ischaemic stroke

CHF

AP

AMI

Any CVD

Age, mean ± SD

Male sex, n (%)

605 (10)

696 (11)

1,412 (22)

320 (5)

159 (3)

265 (4)

83 (1)

339 (5)

187 (3)

769 (12)

65 ± 11

3,189 (51)

2008
n = 6,291

2,027 (13)

2,373 (15)

4,843 (30)

937 (6)

495 (3)

775 (5)

234 (1)

1,023 (6)

555 (3)

2,320 (14)

66 ± 11

8,475 (52)

2009
n = 16,184

2,793 (13)

3,363 (16)

6,790 (32)

1,434 (7)

730 (3)

960 (4)

364 (2)

1,469 (7)

803 (4)

3,257 (15)

66 ± 11

11,289 (53)

2010
n = 21,459

3,685 (14)

4,551 (17)

8,791 (33)

2,033 (8)

1,026 (4)

1,271 (5)

515 (2)

1,918 (7)

1,060 (4)

4,345 (17)

67 ± 11

13,874 (53)

2011
n = 26,326

4,290 (15)

5,444 (19)

10,042 (35)

2,644 (9)

1,317 (5)

1,408 (5)

579 (2)

2,332 (8)

1,292 (4)

5,106 (18)

67 ± 11

15,339 (53)

2012
n = 29,017

4,653 (16)

6,140 (21)

10,772 (36)

3,109 (10)

1,601 (5)

1,464 (5)

663 (2)

2,495 (8)

1,429 (5)

5,546 (19)

67 ± 11

15,758 (53)

2013
n = 29,801

5,155 (16)

7,183 (22)

12,167 (37)

3,926 (12)

1,909 (6)

1,682 (5)

798 (2)

2,879 (9)

1,728 (5)

6,471 (20)

68 ± 11

17,493 (53)

2014
n = 32,742

5,679 (16)

8,086 (23)

13,224 (38)

4,563 (13)

2,210 (6)

2,023 (6)

938 (3)

3,178 (9)

1,994 (6)

7,406 (21)

68 ± 11

18,980 (54)

2015
n = 35,034

4,757 (17)

6,952 (25)

10,997 (40)

3,980 (14)

2,013 (7)

1,747 (6)

848 (3)

2,730 (10)

1,774 (6)

6,412 (23)

69 ± 11

15,239 (55)

2016
n = 27,796

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

p for trend

Co-medication

1,580 (10)

28 ± 4

2,714 (13)

28 ± 4

4,199 (16)

27 ± 4

5,186 (18)

27 ± 4

6,512 (22)

27 ± 4

8,717 (27)

27 ± 4

10,707 (31)

27 ± 4

9,665 (35)

0.1490

<.0001

949 (6)

40 ± 4

1,461 (7)

40 ± 6

2,519 (10)

41 ± 7

3,007 (10)

41 ± 7

2,868 (10)

41 ± 7

3,269 (10)

41 ± 7

3,554 (10)

42 ± 8

2,606 (9)

<.0001

<.0001

Mean mmol/l ± SD

Recorded, n (%)

143 ± 17

1,557 (25)

3.2 ± 1.0

1,318 (21)

81 ± 9

3,911 (24)

143 ± 17

4,067 (25)

3.3 ± 1.0

4,280 (26)

81 ± 9

6,538 (30)

142 ± 17

6,605 (31)

3.2 ± 1.0

6,164 (29)

80 ± 9

8,913 (34)

141 ± 17

8,955 (34)

3.2 ± 1.0

8,443 (32)

80 ± 9

10,271 (35)

140 ± 17

10,304 (36)

3.2 ± 1.0

10,093 (35)

79 ± 9

11,366 (38)

139 ± 17

11,432 (38)

3.2 ± 1.0

11,083 (37)

79 ± 9

13,847 (42)

139 ± 16

13,899 (42)

3.1 ± 1.0

13,300 (41)

79 ± 9

15,726 (45)

139 ± 16

15,797 (45)

3.1 ± 1.0

15,393 (44)

79 ± 9

13,077 (47)

139 ± 16

13,132 (47)

2.9 ± 1.0

13,421 (48)

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

Diastolic BPb
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Supplemental table 1. Characteristics of matched controls without diabetes per annual cohort

Statins

478 (8)
28 ± 4

265 (4)

39 ± 4

Recorded, n (%)

1,547 (25)

N O V E M B E R 2 0 19 , V O L . 7 7, N O . 0 9

Morbiditya, n (%)

Platelet aggregation
inhibitors
Recorded, n (%)
27 ± 4

BMIb

Mean kg/m2 ± SD
Recorded, n (%)
39 ± 4

HbA1cb

Mean mmol/mol ± SD

Mean mmHg ± SD

81 ± 9

LDL-C b

Recorded, n (%)

Systolic BPb

Mean mmHg ± SD

a
Recorded in all available history; b Last recorded in the year prior to index date; c According to the GP guidelines, applicable at that time in the Netherlands and relative to known values only.
AMI = acute myocardial infarction; AP = angina pectoris; BMI = body mass index; BP = blood pressure; CVD = cerebrovascular disease; CHF = congestive heart failure; HbA1c = glycated haemoglobin; LDL-C = low-density
lipoprotein cholesterol; PAD = peripheral artery disease
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2012

2013

2014

2015

2016

Supplemental table 2. Risk factor goal attainment stratified by sex
2011

9,157 (69)

2010

10,850 (67)

11,062

2009

9,322 (66)

13,723

6,642 (60)

2008

8,069 (65)

12,354

7,949 (58)

13,282

N

7,954 (65)

11,068

6,934 (56)

16,301

9,485 (71)

Sex

6,955 (63)

10,815

6,111 (55)

14,420

11,592 (71)

11,148

Risk factor

5,077 (61)
9,724

6,031 (56)

12,309

10,195 (71)

14,095

8,185 (73)

13,361

3,629 (60)
7,424
5,250 (54)

11,920

8,503 (69)

12,769

10,338 (73)

13,833

16,182

1,328 (62)
5,523
3,865 (52)
10,519

7,688 (64)

11,232

9,271 (73)

17,030

8,887 (64)

14,200

2,107
2,781 (50)
8,100

6,624 (63)

10,915

7,980 (71)

15,149

11,222 (66)

11,412

12,441

1,142 (54)
5,254
4,841 (60)

9,712

6,893 (63)

13,317

10,601 (70)

14,431

7,496 (66)

12,218

nat goal (%)

1,917
2,998 (57)
7,540

5,935 (61)

13,040

9,157 (69)

13,165

9,853 (68)

11,994

10,972

N

1,112 (58)
5,011

4,526 (60)

11,635

7,954 (61)

11,783

9,480 (72)

14,695

4,136 (34)

8,352

nat goal (%)

2,037
2,808 (56)

8,424

7,165 (62)

11,641

8,357 (71)

12,924

4,993 (34)

6,078

Nrecorded

1,128 (55)
5,969

5,040 (60)

10,402

7,065 (61)

11,058

4,616 (36)

2,139

Nrecorded

2,093
3,522 (59)

7,687

6,491 (62)

10,660

3,718 (34)

Nrecorded

nat goal (%)

1,224 (58)
5,524

4,680 (61)

9,300

3,000 (28)

Male

Nrecorded

2,128

3,268 (59)

6,817

2,477 (27)

LDL-C

Female

Nrecorded
1,245 (59)

4,309

1,651 (24)

n

(%)

(%)

recorded

at goal

at goal

recorded

nat goal (%)
1,358

913 (21)

n

N
323 (24)

10,080
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Male

Female

Male

Female

Male
nat goal (%)

12,639

3,213 (32)

11,391

3,974 (31)

10,027

3,619 (32)

9,639

3,052 (30)

8,444

2,263 (23)

6,208

1,939 (23)

4,110

1,336 (22)

1,454

722 (18)

Nrecorded

256 (18)
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SBP

HbA1c

All combined

Female
nat goal (%)

HbA1c = glycated haemoglobin; LDL-C = low-density lipoprotein cholesterol; SBP = systolic blood pressure
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