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Cardiovascular Events in Patients
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OBJECTIVE

Poor glycemic control is related to vascular events in patients with type 2 diabetes,
but the presence of vascular disease might inﬂuence this relation. We evaluated
the relation between glycemic control (HbA1c level) and new cardiovascular
events and mortality in patients with type 2 diabetes, with and without vascular
disease.
RESEARCH DESIGN AND METHODS

In a cohort of 1,687 patients with type 2 diabetes enrolled in the Second Manifestations of Arterial Disease (SMART) study, the continuous relation between
HbA1c and cardiovascular events (composite of myocardial infarction, stroke, and
vascular mortality) and all-cause mortality was evaluated with Cox proportional
hazard analyses stratiﬁed for the presence of vascular disease.

CARDIOVASCULAR AND METABOLIC RISK

RESULTS

During a median follow-up time of 6.1 years (interquartile range 3.1–9.5 years), a
new cardiovascular event developed in 293 patients and 340 patients died. In all
patients, the hazard ratio (HR) of the relation between HbA1c level and cardiovascular events was 1.06 (95% CI 0.97–1.17). A 1 percentage point higher HbA1c level
was related to a 27% higher risk of a cardiovascular event in patients with type
2 diabetes without vascular disease (HR 1.27 [95% CI 1.06–1.51]), but not in
patients with vascular disease (HR 1.03 [95% CI 0.93–1.15], P for interaction =
0.195). A 1 percentage point higher HbA1c level was related to a 16% higher risk of
death (HR 1.16 [95% CI 1.06–1.28]) in patients with vascular disease and a nonsigniﬁcant 13% higher risk of all-cause mortality (HR 1.13 [95% CI 0.97–1.31]) in
patients without vascular disease.
CONCLUSIONS

In patients with type 2 diabetes, there is a modest, but not statistically signiﬁcant,
relation between HbA1c level and cardiovascular events, and, as there was no
statistically signiﬁcant interaction, this relation was not different for patients with
or without clinical manifestation of vascular disease.
Strict glycemic control has been proposed as an important means to lower the risk of
both microvascular and macrovascular complications of type 2 diabetes. A strong relation between glycemic control and microvascular complications (nephropathy, retinopathy, and neuropathy) and macrovascular complications is observed in patients
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with type 2 diabetes (1–4). However,
most of the cohort studies (3,5) conducted with patients having type 2 diabetes have investigated the relation
between glycemic control and cardiovascular disease in patients without vascular disease at baseline.
As prolonged exposure to hyperglycemia
results in vascular damage, it seems feasible that strict glycemic control will be
associated with a decrease in cardiovascular risk (6). Although cohort studies (7–
9) have indeed found a relation between
glycemic control and the incidence of
cardiovascular disease, the cardiovascular risk in patients with type 2 diabetes
does not seem to further decrease with
intensive glycemic control beyond an
HbA1c level of 7%. Identifying those patients with type 2 diabetes who would
beneﬁt from intensive glycemic control
might be an opportunity for improving
treatment. Existing guidelines on the
treatment of diabetes are based on this
principle and thus stress the importance
of identifying the characteristics for determining the optimal HbA1c target in individual patients. Guidelines do address
which patient groups are more likely to
proﬁt or suffer from strict glycemic control. Unfortunately, as studies (10,11) in
speciﬁc patient groups are lacking, setting practical treatment goals in different patient groups is still difﬁcult.
Post hoc analyses from the Action to
Control Cardiovascular Risk in Diabetes
(ACCORD) (9); the Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modiﬁed Release Controlled
Evaluation (ADVANCE) (8); the UK Prospective Diabetes Study (UKPDS) (12);
and the Veterans Affairs Diabetes Trial
(VADT) (7) suggested that the presence
of vascular disease is an important patient characteristic to determine an individual glycemic goal, since a different
effect of glycemic control was found in
patients with and without vascular disease (13). The goal of the current study
is to investigate the relation between
HbA1c level and cardiovascular events
and all-cause mortality in patients with
type 2 diabetes with and without clinical
manifestations of vascular disease.
RESEARCH DESIGN AND METHODS
Study Population

For this study, data from 1,687 participants with type 2 diabetes who were enrolled in the Second Manifestations of
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Arterial Disease (SMART) study before
1 March 2013 were used. Diabetes was
deﬁned as a referral diagnosis of type 2
diabetes, self-reported type 2 diabetes, a
fasting serum glucose concentration of
$7.0 mmol/L at study inclusion with the
initiation of glucose-lowering treatment
within 1 year, or the use of oral antihyperglycemic agents or insulin at baseline. Participants with known type 1
diabetes were excluded for this analysis.
The SMART study is an ongoing prospective, single-center, cohort study in
patients with manifest vascular disease
and/or cardiovascular risk factors. Starting from September 1996, consecutive
patients, who were 18–80 years of age
and had been referred to the University
Medical Centre Utrecht (UMCU), the
Netherlands, with manifest vascular disease or a cardiovascular risk factor
underwent a vascular screening. Written informed consent was obtained from all participants. The study was approved by the
Medical Ethics Committee of the UMCU.
Follow-up

Patients were biannually asked to ﬁll out a
questionnaire. Events of interest for the
current study were the occurrence of vascular death, stroke, myocardial infarction,
and the composite of these vascular
events. In addition, we were interested in
mortality and nonvascular death. Deﬁnitions have been described previously (14)
and are included in Supplementary Table
1. When a possible event was recorded by
the participant, hospital discharge letters
and results of relevant laboratory and radiology examinations were collected. With
this information, all events were audited
by three members of the SMART study
End Point Committee, comprising physicians from different departments.
HbA1c Measurement

HbA1c level was measured at baseline in
all patients who were enrolled in the
SMART study after 2006. In patients
who were enrolled in the SMART study
before 2006, HbA1c level was determined
using available stored blood samples.
Data Analyses

Missing data for HbA1c (n = 128; 7.6%)
were singly imputed by weighted probability matching on the basis of multivariable regression using covariate and
outcome data.
Baseline data are presented as the
mean 6 SD or median with interquartile
range in the case of a skewed distribution.

Cox proportional hazards analyses
were performed to estimate hazard ratios (HRs) and 95% CIs for the relation
between HbA1c and the occurrence of
cardiovascular events, deﬁned as a
composite of nonfatal and fatal myocardial infarction, nonfatal and fatal
stroke, or vascular mortality. If a patient
had multiple events, the ﬁrst event was
used in the analyses. The proportional
hazards assumption was satisﬁed based
on a Schoenfeld residual plot.
To estimate the relation between
HbA1c level and cardiovascular events
and mortality, we built three models.
First, the unadjusted relation between
HbA1c level and cardiovascular events
was estimated. In model II, age and sex
were added. In model III, the model was
additionally adjusted for current smoking
status, systolic blood pressure, diabetes
duration, non–HDL cholesterol level, and
modiﬁcation of diet in renal disease
(MDRD). The variables mentioned in the
models were a set of previously chosen
confounders of the relation between
HbA1c level and cardiovascular events
and mortality (age, sex, current smoking,
and diabetes duration), and a set of previously chosen traditional cardiovascular
risk factors (systolic blood pressure, non–
HDL cholesterol, and MDRD).
To investigate the possible modifying
effect of the presence of vascular disease at baseline, we stratiﬁed the population accordingly and performed
separate analyses in the different strata.
In addition, we performed standard
multiplicative interaction analyses by
adding the cross-product to the Cox
proportional hazards models. Using a
similar methodology, we investigated
whether vascular disease duration was
an effect modiﬁer in the relation between plasma HbA1c level and new cardiovascular events, since a differential
effect with vascular disease of longer
duration might be plausible from a pathophysiological perspective. Also, the relation between HbA1c level and all-cause
mortality, nonvascular mortality, and
separate end points (vascular mortality,
myocardial infarction, and stroke) was
studied in the strata of patients with
and without previous vascular disease.
Finally, the relation between HbA1c level
and cardiovascular events and mortality
was assessed in strata of HbA1c tertiles,
and in a continuous way using plots of
restricted cubic splines. The P values of
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the nonlinear effect of baseline HbA1c
level on cardiovascular events and mortality was based on the x2 statistic.
Sensitivity analyses were performed after excluding patients with the 1% highest
and 1% lowest HbA1c levels to eliminate
the effect of outliers. As it is possible that
the relation of interest differed in the
number of years of follow-up, for instance
because of better risk management over
time, the year of study inclusion was
added to the Cox models. As differences
in the use of thrombocyte aggregation
inhibitors and anticoagulants were expected between patients with and without vascular disease, it was investigated
in the same manner whether addition of
the use of these medications changed
the direction or magnitude of the relation. Also, the use of glucose-lowering
medication, blood pressure–lowering
treatment, and statins was included in
the models as a sensitivity analysis.
Finally, sensitivity analyses were performed investigating whether the relation was similar when analyses were
performed separately in patients with
cerebrovascular, peripheral artery, coronary artery, or vascular disease on
various locations at baseline. The level
of signiﬁcance was set at P , 0.05 for
all analyses. As the analyses were prespeciﬁed, no correction for multiple
comparisons was performed. All statistical analyses were performed using
SPSS version 21 and R version 3.1.0.
RESULTS

Baseline characteristics are presented in
Table 1. The mean age was 60.2 years (SD
10.2 years), and 30% of participants were
female. During a median follow-up time
of 6.1 years (range 3.1–9.5 years), 293
patients experienced a new cardiovascular event (event rate 17.3%). Of those 293
patients, 189 died of a vascular cause,
while 340 patients died of all causes
(event rate 20.1%). In total, 6.9% of the
patients were lost to follow-up (8.5% in
patients without vascular disease and
6.2% in patients with vascular disease).
Relation of HbA1c With Cardiovascular
Events and Mortality in Patients With
and Without Vascular Disease
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with type 2 diabetes and vascular disease at baseline, no relation between
HbA 1c level and new cardiovascular
events was found (HR 1.03 [95% CI
0.93–1.15]) (Table 2). Results were similar when performed separately in patients with cerebrovascular, peripheral
artery, coronary artery, or vascular disease on various locations at baseline
(Supplementary Table 2). On the other
hand, in patients without vascular
disease, a strong relation between
HbA1c level and cardiovascular events
was observed (HR 1.27 [95% CI 1.06–
1.51]). Additional sensitivity analyses
(the exclusion of patients with the 1%
highest and lowest levels of HbA1c; and
adjustment for the year of study inclusion or use of platelet inhibitors, anticoagulants, glucose-lowering medication,
blood pressure–lowering treatment,
and statins) did not change the direction
and magnitude of the relation (data not
shown). Analyses in tertiles of HbA1c
(data not shown) and cubic splines describing the relation of HbA1c level with
new cardiovascular events and mortality did not indicate the presence of
nonlinearity in patients both with and
without vascular disease (Supplementary Fig. 1). The P value for the crossproduct of HbA1c level and the presence
of vascular disease was 0.195, indicating
no signiﬁcant interaction.
The relation between HbA1c and separate events (vascular mortality and the occurrence of coronary ischemic disease or
ischemic stroke) in patients with and without vascular disease is shown in Table 3.
Though the numbers of events are small,
HbA1c level was signiﬁcantly associated
with the occurrence of ischemic stroke in
patients without vascular disease (HR 1.40
[95% CI 1.01–1.94]), while no relation was
found in patients with vascular disease
(HR 1.03 [95% CI 0.81–1.31]).
The P value for the cross-product of
vascular disease duration and new cardiovascular events was 0.490, indicating no
statistical interaction by the duration of
vascular disease. In all different groups of
patients based on the duration of vascular
disease, no signiﬁcant relations were
found between HbA1c level and new cardiovascular events (Table 4).

Cardiovascular Events

In all patients with type 2 diabetes,
higher levels of HbA1c were nonsigniﬁcantly related to cardiovascular events
(HR 1.06 [95% CI 0.97–1.17]). In patients

Mortality

Patients with type 2 diabetes and manifest
vascular disease had a 16% higher risk of
all-cause mortality per 1 percentage point

increase in HbA1c (HR 1.16 [95% CI
1.06–1.28]), while a similar, albeit nonsigniﬁcant, relation was found in patients
without vascular disease (HR 1.13 [95%
CI: 0.97–1.31]). The P value for the crossproduct of HbA1c level and the presence of
vascular disease in the relation with allcause mortality was 0.749. The relation
between HbA1c level and all-cause mortality in patients with vascular disease was
found speciﬁcally in patients with coronary disease or cerebrovascular disease
at baseline (Supplementary Table 2).
When investigating the relation between HbA1c and all-cause mortality in
tertiles of vascular disease duration, differential relations were found between
the groups (P value of cross-product =
0.044). Interestingly, a signiﬁcant relation of HbA1c level and all-cause mortality (HR 1.25 [95% CI 1.07–1.46]) was
found in patients with the longest vascular disease duration (6–51 years). No
signiﬁcant relations were found between HbA1c level and nonvascular mortality in all subgroups. The effect of
baseline HbA1c level on all-cause mortality was of similar magnitude in patients
with and without vascular disease, although the relation was not statistically
signiﬁcant in patients without vascular
disease.
CONCLUSIONS

The current study shows that in patients
with type 2 diabetes there is a modest,
but not statistically signiﬁcant, relation
between HbA1c level and cardiovascular
events, and as there was no statistically
signiﬁcant interaction, this relation was
not different for patients with or without clinical manifestation of vascular
disease. The effect of baseline HbA1c
level on all-cause mortality was of similar magnitude in patients with and without vascular disease, although the
relation was not statistically signiﬁcant
in patients without vascular disease.
To the best of our knowledge, this is
the ﬁrst prospective cohort study to investigate the relation between HbA1c
level and new cardiovascular events in
patients with and without vascular disease. Interestingly, a different relation
between glycemic control and cardiovascular outcomes was suggested in
a meta-analysis (13) of randomized controlled trials that investigated the effect
of intensive versus standard glycemic
control (interaction P = 0.04). Although
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Table 1—Baseline characteristics of 1,687 patients with type 2 diabetes
T2D and vascular disease present
(n = 1,156)

T2D and no vascular disease present
(n = 531)

P value

Age, years

62.7 6 8.9

54.7 6 11.0

,0.001

Female sex

25 (288)

41 (216)

,0.001

Time since diagnosis of diabetes, median (IQR), years

4 (1–10)

3 (0–7)

,0.001
0.335

Oral glucose-lowering treatment

67.9 (745)

77 (411)

Use of insulin

24 (273)

22 (119)

0.586

Both oral treatment and insulin
Only lifestyle/diet treatment for diabetes

10 (116)
22 (254)

9 (50)
20 (107)

0.692
0.397

HbA1c
%
mmol/mol

7.5 6 1.5
58 6 16

7.0 6 1.2
52 6 13

,0.001
,0.001

Fasting blood glucose, mmol/L

8.5 6 2.7

9.3 6 3.3

,0.001

Total cholesterol, mmol/L
HDL cholesterol, mmol/L

4.6 6 1.2
1.1 6 0.3

5.3 6 1.7
1.2 6 0.4

,0.001
0.003

2.7 6 1.0

3.1 6 1.1

,0.001

1.6 (1.2–2.4)

1.8 (1.2–2.7)

,0.001

Non–HDL cholesterol, mmol/L

4.1 6 1.7

3.5 6 1.2

,0.001

Creatinine, mmol/L

96 6 43

84 6 25

,0.001

LDL cholesterol, mmol/L
Triglycerides, mmol/L

eGFR (MDRD)

75 6 20

84 6 22

,0.001

Platelet inhibitor

77 (886)

14 (75)

,0.001

Oral anticoagulants
Statins

14 (160)
60 (695)

4 (23)
32 (171)

,0.001
,0.001
,0.001

Blood pressure–lowering medication

83 (957)

63 (333)

Systolic blood pressure, mmHg

145 6 20

146 6 21

0.298

Diastolic blood pressure, mmHg

81 6 11

86 6 12

,0.001

Weight, kg

86 6 15

91 6 20

,0.001

BMI, kg/m2

30.1 6 6.1

28.4 6 4.3

,0.001

Waist circumference, cm

101 6 12

101 6 15

0.156

Current smoking

26.0 (300)

23.2 (123)

0.220

Vascular disease
Coronary disease

100
66 (766)

0
0

Cerebrovascular disease

29 (333)

0

Peripheral arterial disease

22 (253)

0

Abdominal aortic aneurysm

7 (82)

0

Duration of vascular disease, median (IQR), years

1 (0–9)

NA

Data are reported as the mean 6 SD or % (n), unless otherwise indicated. P values for differences in baseline characteristics between patients with
and without vascular disease are given. Differences were evaluated with the independent samples t test for continuous variables with a normal
distribution and with the Mann-Whitney U test for continuous variables without a normal distribution. For categorical variables, the Pearson x2 test
was used. eGFR, estimated glomerular ﬁltration rate; IQR, interquartile range; NA, not applicable; T2D, type 2 diabetes.

the point estimates and CIs of the HRs
are different in direction between the
groups, no signiﬁcant interaction P value
(P = 0.195) for multiplicative interaction
was found. Since we observed no statistical interaction, we cannot conclude
that the relation between HbA1c level
and cardiovascular events is really different depending on the presence or absence of vascular disease. However,
the results of this study are mainly important for hypothesis generation. Further research is warranted to speciﬁcally
investigate this potential difference in
effect.

Our ﬁndings in patients with type 2
diabetes (with and without vascular disease) are in line with those of other cohort studies (3,5) that studied the
relation between HbA1c level and macrovascular complications in patients with
type 2 diabetes. Some cohort studies
(15–17) have suggested the presence
of a U-shaped relation between HbA1c
level and cardiovascular events. In this
study, we did not ﬁnd a U-shaped curve
between HbA1c level and macrovascular
complications in patients with type 2
diabetes, and thus proceeded to analyze the data in a linear fashion. The

explanation for the difference between
our ﬁndings and those of earlier studies
is probably to be found in the difference
in study population, comprising younger
patients and patients with diverse types
of vascular disease in the current study
versus only patients with coronary artery
disease in most other studies.
The ﬁndings of cohort studies (18–22)
investigating the relation between
HbA 1c level and new cardiovascular
events in patients with and without
type 2 diabetes after cardiac interventions for coronary artery disease are in
line with our ﬁndings. In these studies
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Table 2—Relation between HbA1c level and new cardiovascular events and all-cause mortality
New cardiovascular events*
Model

HR (95% CI)†

T2D with vascular disease (n = 1,156)

I
II
III

1.03 (0.93–1.14)
1.07 (0.96–1.18)
1.03 (0.93–1.15)

T2D without vascular disease (n = 531)

I
II
III

1.16 (0.99–1.35)
1.24 (1.03–1.43)
1.27 (1.06–1.51)

P value for interaction

All-cause mortality‡
HR (95% CI)†

P value for interaction

1.12 (1.02–1.22)
1.19 (1.09–1.31)
1.16 (1.06–1.28)
0.195

0.749
1.11 (0.96–1.27)
1.15 (1.00–1.32)
1.13 (0.97–1.31)

Model I, crude; Model II, sex and age; Model III, Model II plus current smoking, systolic blood pressure, diabetes duration, non–HDL cholesterol level,
and MDRD; T2D, type 2 diabetes. *T2D patients with vascular disease and new cardiovascular events, n = 240; T2D patients without vascular disease
and new cardiovascular events, n = 53. †HR per 1 percentage point increase in HbA1c level. For example, in patients with T2D without vascular disease
a 1% higher HbA1c level is associated with a 1.27-fold higher risk of vascular events. P value for interaction between HbA1c level and new
cardiovascular events is 0.195, and for all-cause mortality 0.749. ‡T2D patients with vascular disease and all-cause mortality, n = 264; T2D patients
without vascular disease and all-cause mortality, n = 73.

(19–21), no relation was found between
HbA1c level and cardiovascular events in
patients with established type 2 diabetes after cardiac interventions. In patients without established type 2
diabetes, this relation did exist
(18,21,22). In the current study, we expand on these ﬁndings by showing a
consistent relation across different
types of vascular disease.
Several explanations can be given for
the different relation between HbA1c
level and new cardiovascular events in
patients with type 2 diabetes with and
without vascular disease. Although we
could not support this hypothesis in
this study, it is possible that the relation
between HbA1c level and cardiovascular
events is more U shaped in patients with
vascular disease compared with the relation in patients without vascular
disease. Such a U-shaped relation between HbA1c level and vascular events
and mortality in the total diabetic

population was indeed suggested in
several cohort studies (15–17). As hypoglycemia is associated with severe cardiovascular events and arrhythmia
(23), the left arm of this U shape might
be caused by the occurrence of hypoglycemia. Analyses of the data from the
ADVANCE trial (8) suggested that the
increased all-cause mortality in the intensive treatment group could be
associated with the occurrence of hypoglycemia, although the causality of this
observation is uncertain. An explanation
for the different relation in patients with
and without vascular disease could thus
be that patients with established vascular disease might be more susceptible to
the detrimental effects of hypoglycemia.
However, analyses in the current study
did not indicate the presence of a
U-shaped relation between HbA1c level
and new cardiovascular events. Our ﬁndings probably differ from earlier cohort
studies because of the inclusion of

Table 3—Relation of HbA1c level with different events
T2D and vascular disease
(n = 1,156)

T2D without vascular disease
(n = 531)

HR (95% CI)*

Events (n)

HR (95% CI)*

Events (n)

Vascular mortality

1.11 (0.97–1.26)

161

1.25 (0.99–1.60)

28

Nonvascular mortality

1.16 (0.98–1.38)

87

1.01 (0.81–1.25)

39

Myocardial infarction
Ischemic stroke†

0.90 (0.75–1.09)
1.03 (0.81–1.31)

77
49

1.32 (0.98–1.78)
1.40 (1.01–1.94)

46
13

Peripheral arterial disease

1.10 (0.95–1.28)

119

1.13 (0.80–1.61)

18

T2D, type 2 diabetes. *HR per 1 percentage point increase in HbA1c level for vascular events
adjusted for sex, age, current smoking, systolic blood pressure, diabetes duration, non–HDL
cholesterol level, and MDRD. For example, in patients without vascular disease a 1% higher
HbA1c level is related to a 1.40-fold increased risk of ischemic stroke. †Ischemic stroke does not
include hemorrhagic stroke.

patients without vascular disease and
with different types of vascular disease
besides coronary artery disease.
Another explanation for the different
relation between HbA1c level and new
cardiovascular events in patients with
type 2 diabetes with and without vascular
disease could be that in patients with established vascular disease, hyperglycemia
is not the key factor for progressive vascular damage. Factors such as hypertension (24,25) and dyslipidemia (26,27)
have been shown to be strongly related
to new cardiovascular events in patients
with type 2 diabetes and in patients with
already established vascular disease.
Thus, if hypertension and dyslipidemia
are important modiﬁable risk factors contributing to the pathogenesis of cardiovascular events in patients with type 2
diabetes in general, these risk factors
may be even more important in patients
with type 2 diabetes in whom a cardiovascular event developed before inclusion in our study. In patients with
diabetes, the pathogenesis of vascular
disease is at least in part intrinsically different from that of vascular disease in
patients without diabetes, as medial vascular calciﬁcation or Mönckeberg medial
sclerosis is often found in patients with
diabetes (28). This difference in pathogenesis could therefore translate into a
difference in the most important risk factors for new cardiovascular disease.
The interpretation of the strong relation between HbA1c level and all-cause
mortality in patients with type 2 diabetes with long-term vascular disease and
the absence of this relation in patients
with short-term vascular disease is not
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Table 4—Relation of HbA1c level with vascular events and all-cause mortality in different groups of vascular disease duration
Vascular disease duration
(n = 1,151)

New cardiovascular events

All-cause mortality

Model*

HR (95% CI)†

P value

HR (95% CI)†

P value

0 years (n = 545, 93 events, 100 died)

I
II
III

0.98 (0.83–1.16)
1.01 (0.85–1.21)
0.97 (0.81–1.16)

0.800
0.873
0.723

1.04 (0.89–1.21)
1.10 (0.94–1.29)
1.02 (0.86–1.21)

0.634
0.243
0.787

0–6 years (n = 220, 44 events, 57 died)

I
II
III

0.85 (0.65–1.12)
0.88 (0.67–1.16)
0.84 (0.62–1.13)

0.249
0.351
0.247

1.07 (0.88–1.30)
1.13 (0.92–1.39)
1.11 (0.88–1.41)

0.492
0.257
0.356

6–51 years (n = 386, 99 events, 107 died)

I
II
III

1.11 (0.94–1.31)
1.14 (0.97–1.34)
1.12 (0.95–1.33)

0.207
0.103
0.179

1.18 (1.02–1.37)
1.26 (1.08–1.46)
1.25 (1.07–1.46)

0.029
0.003
0.006

*Model I, crude model; Model II, model I with sex and age; Model III, Model II with current smoking, systolic blood pressure, diabetes duration,
non–HDL cholesterol level, and MDRD. †HR per 1 percentage point increase in HbA1c level.

obvious. An explanation might be that
HbA1c, as a marker of glycemic regulation, is a proxy of overall condition or
frailty and therefore singles out the patients with the poorest health status,
especially in those patients with a longer
duration of vascular disease.
The chief strengths of this study include the prospective design and large
number of participants, both with and
without cardiovascular disease. Because
of the substantial follow-up period and
large cohort size, there was a relatively
high number of events. Furthermore, the
risk of bias in this study was reduced
because of the completeness of the data.
Several limitations of this study need
to be addressed. As the SMART study is a
single-center cohort study in an academic hospital, it may be questioned
whether this cohort is a representation
of the total population of patients with
type 2 diabetes. It should be noted that
the current cohort contains a broad
scope of patients with type 2 diabetes
with and without vascular disease representing clinical practice. Despite the
relatively large number of participants
in this cohort, a small number of end
points in some groups could have resulted in insufﬁcient power. This is
most likely the case in the patients
with type 2 diabetes without vascular
disease at baseline because of the small
number (n = 531) in this group. Furthermore, only baseline HbA 1c level was
used for the analyses in the current
study, while the median duration of
follow-up in this study was 6 years.
While a possible variation in HbA1c level
during follow-up could theoretically
change the relations, this is not taken
into account in the current study. The

lack of statistically signiﬁcant interaction
of the presence of vascular disease at
baseline needs to be taken into account
when interpreting these results. Although the point estimates are clearly
different between the two groups, no
signiﬁcant interaction was observed.
The difference in point estimates may,
of course, be due to chance, but we think
that, in light of the relatively wide CIs,
the absence of statistically signiﬁcant
interaction could very well be due to
insufﬁcient power in this study. Further
studies are needed to support our
hypothesis of a differential effect of
HbA1c level on cardiovascular events
between patients with and without vascular disease.
As we only studied patients with type
2 diabetes, our ﬁndings cannot be extrapolated to patients with type 1
diabetes, a population in which strict
control has been shown to be associated
with fewer cardiovascular events (2,29).
Last, our study only takes into account
macrovascular complications of type 2
diabetes. As HbA1c level has been shown
to be strongly related to microvascular
complications (2,12,29,30), the importance of strict glycemic control should
not be devaluated completely in patients with type 2 diabetes and vascular
disease. Microvascular complications
should be taken into account when setting individualized therapeutic targets in
patients with type 2 diabetes, including
those with vascular disease. Nevertheless,
our ﬁndings are important for generating
hypotheses that may eventually lead to
more tailored treatment in this very
high-risk population. Further studies are
therefore needed to establish whether
the presence of vascular disease inﬂuences

the relation between HbA1c level and cardiovascular events.
HbA1c level is related to cardiovascular events, and no interaction of the
presence or absence of vascular disease
on this relation was observed. The effect
of baseline HbA1c level on all-cause mortality was of similar magnitude in patients with and without vascular disease,
although the relation was not statistically
signiﬁcant in patients without vascular
disease.
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