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Abstract

Aim: To quantify the magnitude and specific contributions of known cardiovascular
risk factors leading to higher cardiovascular risk and all-cause mortality caused by
type 2 diabetes (T2D).

Methods: Mediation analysis was performed to assess the relative contributions of
known classical risk factors for vascular disease in T2D (insulin resistance, systolic
blood pressure, renal function, LDL-cholesterol, triglycerides and micro-albuminuria),
and what proportion of the effect of T2D on cardiovascular events and all-cause
mortality these factors mediate in the Second Manifestations of ARTerial disease
(SMART) cohort consisting of 1910 T2D patients.

Results: Only 35% (95% Cl 15-71%) of the excess cardiovascular risk caused by T2D
is mediated by the classical cardiovascular risk factors. The largest mediated effect
was through insulin resistance [proportion of mediated effect (PME) 18%, 95% ClI
3-37%], followed by elevated triglycerides (PME 8%, 95% Cl 4-14%) and micro-
albuminuria (PME 7%, 95% CI 3-17%). Only 42% (95% Cl 18-73%) of the excess mor-
tality risk was mediated by the classical risk factors considered. The largest mediated
effect was by micro-albuminuria (PME 18%, 95% Cl 10-29%) followed by insulin
resistance (PME 15%, 95% Cl 1-33%).

Conclusion: A substantial amount of the increased cardiovascular risk and all-cause
mortality caused by T2D cannot be explained by traditional vascular risk factors.
Future research should focus on identifying non-classical pathways that might further

explain the increased cardiovascular and mortality risk caused by T2D.
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1 | INTRODUCTION

Despite significant advances in cardiovascular risk management,
patients with type 2 diabetes are still at high risk of cardiovascular dis-
ease and mortality.* This higher risk in patients with type 2 diabetes
compared with patients without diabetes is in part explained by tradi-
tional risk factors for cardiovascular disease including glycaemic con-
trol, but the excess risk cannot be solely attributed to the higher
prevalence of traditional vascular risk factors in patients with type
2 diabetes (e.g. hypercholesterolaemia, hypertension). Other non-
traditional risk factors, such as insulin resistance, micro-albuminuria or
inflammation, may be important in the pathophysiology of cardio-
vascular disease and vascular mortality.? The presence of micro-
albuminuria has been associated with a 2-fold increased risk of
cardiovascular morbidity or mortality in patients with type two
diabetes.® Insulin resistance, as measured by Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR), has been identified as
an independent predictor of cardiovascular events in patients with
type 2 diabetes. A one unit increase in HOMA-IR was related to 31%
higher risk of cardiovascular events.* Inflammation, as assessed by
elevated high-sensitivity C-reactive protein (hs-CRP) levels (>3 mg/L),
has been related to an increased risk of coronary heart disease of
72%.° To improve cardiovascular risk management in patients with type
2 diabetes, it is of importance to elucidate and understand the causal
pathways leading from type 2 diabetes to cardiovascular disease and
mortality, as this may direct therapy and quantify the need for future
research to find unknown risk factors and treatment targets. While
there have been many studies addressing the relation between different
risk factors and cardiovascular disease in this specific population, the
relative contribution of these risk factors to cardiovascular risk is
unknown. In epidemiologic research, understanding causal pathways
from an exposure to an outcome can be assessed using mediation
analysis techniques. Mediation analysis offers a tool to assess the mag-
nitude of different pathways (mediators) leading to the outcome.®
The aim of this study is to quantify the magnitude and relative contribu-
tions of known cardiovascular risk factors in the pathway from type

2 diabetes to increased cardiovascular risk and all-cause mortality.

2 | METHODS

2.1 | Study population and baseline measurements

The Second Manifestations of ARTerial disease (SMART) is an ongo-
ing prospective cohort at the University Medical Center Utrecht, The
Netherlands. Newly referred patients aged 18 to 79 years with vascu-
lar disease or with important risk factors for atherosclerosis
(e.g. diabetes, hypertension or hyperlipidaemia) were asked to partici-
pate. After inclusion, information on medical history, history of vascu-
lar disease (coronary artery disease, cerebrovascular disease,
peripheral arterial disease, abdominal aortic aneurysm), medication
use and cardiovascular risk factors (e.g. smoking, alcohol consumption,

physical activity, hypertension, hyperlipidaemia) was obtained with

the use of questionnaires. Additionally, patients underwent physical
examination and traditional cardiovascular risk factors were measured
(blood pressure, blood sample for plasma lipids, urine sample for albu-
minuria and creatinine excretion). LDL-c was calculated using the
Friedewald formula up to plasma triglyceride levels of 9 mmol/L to
avoid missing LDL-c.” A rationale and detailed description of the
SMART study has been previously published.® The study was
approved by the Medical Ethics Committee of the University Medical
Center Utrecht and informed consent was obtained from all
participants.

2.2 | Type 2 diabetes diagnosis

Type 2 diabetes was defined as self-reported type 2 diabetes, a refer-
ral diagnosis of type 2 diabetes, a glucose plasma concentration of
27.0 mmol/L at baseline with commencement of glucose-lowering
therapy within 1 year after inclusion or the use of glucose-lowering

medication at inclusion.

2.3 | Follow-up

During follow-up, information on hospitalization and outpatient clinic
visits was obtained through biannual questionnaires. All available data
on reported events were collected. Death was reported by relatives,
the general practitioner or treating specialist. All events were indepen-
dently evaluated by three members of the SMART study endpoint
committee. Primary outcomes for this study were a composite of
major events [myocardial infarction (MI), stroke and vascular mortal-
ity] and all-cause mortality. MI was defined as at least two of the fol-
lowing criteria: (a) chest pain for at least 20 minutes, not disappearing
after administration of nitrates; (b) elevation of the ST-segment
>1 mm in two following leads on an electrocardiogram or a left bundle
branch block; and (c) cardiac enzyme elevation (troponin above clinical
cut-off value or creatinine kinase of at least two times the normal
value and a myocardial band fraction >5% of the total creatinine
kinase). Sudden cardiac death was also considered as MI. Vascular
mortality was defined as death caused by M, stroke, congestive heart
failure, rupture of abdominal aortic aneurysm and vascular death from
other causes. The period between patient inclusion and first cardio-
vascular event, death, loss to follow-up, or the predefined date of
1 March 2015, was defined as the follow-up duration. In total,
655 patients (6.0%) in the SMART cohort were lost to follow-up
because of relocation or discontinuation of the study.

2.4 | Data analyses

Mediation analysis using marginal structural models was performed,
which is based on the counterfactual framework.? In brief, this type of
analysis provides a tool to deconstruct the total effect of a given
exposure on an outcome into a natural direct effect and an indirect
effect. The total effect estimates the risk of cardiovascular events and
all-cause mortality in type 2 diabetes patients compared with that in

patients without type 2 diabetes. The natural direct effect compares
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the risk of cardiovascular events and all-cause mortality in type 2 dia-
betes patients with that of patients without type 2 diabetes, if the risk
factor levels for type 2 diabetes patients were set to the levels that
would have been observed if they had been patients without type
2 diabetes. This is achieved by constructing counterfactual values for
the risk factor variables. To illustrate, imagine three versions of the
same patient (i.e. except for the difference described hereafter, these
three versions of the patient are exactly the same). In the first version,
the patient has type 2 diabetes and the risk factor levels (mediators)
have the natural levels of a patient with type 2 diabetes. In the second
version, the patient has type 2 diabetes, but the risk factor levels are
set to the value of a patient without type 2 diabetes. In the third ver-
sion, the patient does not have type 2 diabetes and the risk factor
levels have the natural levels of a patient without type 2 diabetes. The
total effect will be the difference in outcome between the patient in
versions 1 and 3. The natural direct effect will be the difference in
outcome between the patient in versions 2 and 3. The indirect effect
will be the difference in outcome between the patient in versions
1 and 2. The interpretation of these effects is as follows: the indirect
effect is the (relative) difference in cardiovascular events that can be
attributed to mediation through the risk factor, whereas the natural
direct effect is the (relative) difference in cardiovascular events that
can be attributed to a direct path from type 2 diabetes to cardiovascu-
lar events. This path will include mediation through other risk factors
that are not included in the analysis. Finally, the total effect is the (rel-
ative) difference in cardiovascular events between those who have
type 2 diabetes compared with those without type 2 diabetes, which
equals the sum of the natural direct effect and indirect effect. A sum-
mary of this approach can be found in Figure S1. The risk factors used
as mediators in this model are insulin resistance assessed by
triglyceride-glucose index (TyG index), systolic blood pressure, kidney
function estimated by the Modification of Diet in Renal Disease
(MDRD) formula, LDL-c, triglycerides and presence of micro-albumin-
uria. To ensure stability of the models, the mediators were dichoto-
mized using target levels described in the European Society of
Cardiology (ESC) guidelines: systolic blood pressure <140 mmHg, esti-
mated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?, LDL-
c < 2.6 mmol/L, triglycerides <1.7 mmol/L.*° The mediator insulin

resistance as measured by the TyG index was dichotomized using the
lower bound of the fourth quartile as a cut-off point (TyG index <9.3).

Figure 1 shows the underlying model of this analysis. It assumes a
causal relationship between the selected well-established risk factors
and cardiovascular events and all-cause mortality. Age and sex were
included in the models to adjust for confounding of the type 2 diabe-
tes mediator, type 2 diabetes endpoint of interest, and mediator end-
point of interest associations. Estimates of the direct and indirect
effects were obtained from weighted Cox proportional hazards
models for the outcome cardiovascular events and all-cause mortality.
The proportional hazards assumption was visually checked by use of a
hazard function plot and showed no signs of violation. The linearity
assumption was visually checked by plotting martingale residuals. The
plots showed no violation of the linearity assumption.

For determining the weights needed in the Cox model, inverse
probability weighting was used by regressing the binary mediators
TyG index, systolic blood pressure, eGFR, LDL-c, triglycerides and
micro-albuminuria on type 2 diabetes, age and sex with separate bino-
mial logistic regression models. The effect of all mediators was
assessed simultaneously by multiplying the weights derived from the
regression models. The total, direct and indirect effect are estimated
as hazard ratios with 95% confidence intervals and proportion medi-
ated effect (PME) with 95% confidence intervals. The PME is a mea-
sure relative to the total effect which is defined as 100%. The
contribution of direct and indirect effects to the total type 2 diabetes
effect was estimated on the In(hazard ratio) scale as the effects are
additive on this scale. To obtain 95% confidence intervals for the total
effect and (combined) indirect effect, bootstrapping was used with
1000 bootstrap samples. The bounds of the 95% confidence interval
were based on the 2.5 and 97.5 percentiles of the different distribu-
tions of effects. Single imputation methods were used to reduce miss-
ing covariate data for glucose (n = 74; 0.7%), triglycerides (n = 64;
0.6%), systolic blood pressure (n = 19; 0.2%), LDL-c (n = 162; 1.5%),
micro-albuminuria (n = 512; 4.7%) and eGFR (n = 60; 0.5%). Given the
very low percentages of missing data, multiple imputation was
deemed unnecessary. To assess whether the relative contributions of
the mediators were different for patients with and without previous

cardiovascular disease, subgroup analyses were performed in strata of
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FIGURE 1 Path diagram of the
relation between type 2 diabetes
(exposure), cardiovascular risk factors
(mediators) and cardiovascular events/all-
cause mortality (outcome) in the presence
of measured confounders: age and sex.
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presence of cardiovascular disease. All analyses were performed using
statistical package R 3.2.2. For all analyses, P < 0.05 was considered
significant.

3 | RESULTS

3.1 | Baseline characteristics

In total, 10 915 patients were included, of which 1910 (17%) were
identified as type 2 diabetes patients. The patients with type 2 diabe-
tes were on average aged 60 * 10 years and were predominantly male
(70%) (Table 1). Patients with type 2 diabetes had an average body
mass index (BMI) of 29.0 + 5.0 kg/mz. Current smoking and alcohol
use were 50% and 14%, respectively (Table 1).

3.2 | Mediation analysis of type 2 diabetes and
cardiovascular events

During follow-up, the event rate for patients without diabetes was
17.1 per 1000 person-years, while patients with type 2 diabetes had
an event rate of 27.5 per 1000 person-years. The total effect of type
2 diabetes on cardiovascular events was an increased risk with an
adjusted hazard ratio of 1.46 (95% Cl 1.29-1.70). The direct effect
and indirect effect contributions were 65% (95% Cl 29-85%) and
35% (95% Cl 15-71%), respectively (Table 2). The largest mediated
effect contributing to the indirect effect was insulin resistance (PME
18%, 95% Cl 3%-37%). The second largest mediated effect was
through elevated triglycerides (PME 8%, 95% Cl 4-14%), followed
closely by presence of micro-albuminuria (PME 7%, 95% CI 3-17%)
and reduced kidney function (PME 6%, 95% Cl 2-12%) (Table 2). The
excess risk was not mediated through elevated systolic blood pres-
sure or high LDL-c (PME 1%, 95% Cl -1-4% and PME -5%, 95% ClI
-10-0%) (Table 2). showed that LDL-
c > 2.5 mmol/L appears to be a mediator for patients without previ-
ous cardiovascular disease (PME 17%, 95% Cl -3 to —=57%) and not
for patients with previous cardiovascular disease (PME -8%, 95%
Cl -14 to —3%).

Subgroup analyses

3.3 | Mediation analysis of type 2 diabetes and all-
cause mortality

During follow-up, the event rate for patients without diabetes was
18.5 per 1000 person-years, while patients with type 2 diabetes had
an event rate of 29.6 per 1000 person-years. The total effect of type
2 diabetes on all-cause mortality was an increased risk with an
adjusted hazard ratio of 1.37 (95% Cl 1.20-1.53). The direct effect
and indirect effect contributions were 58% (95% Cl 27-82%) and 42%
(95% CI 18-73%), respectively (Table 3). The largest mediated effect
contributing to the indirect effect was by presence of micro-
albuminuria (PME 18%, 95% Cl 10-29%), followed closely by insulin
resistance (PME 15%, 95% Cl 1-33%), and then by elevated triglycer-
ides (PME 7%, 95% Cl 2-14%) and decreased kidney function (PME
7%, 95% Cl 3-13%) (Table 3). The excess risk was not mediated

TABLE 1 Baseline characteristics of patients without type
2 diabetes (T2D) versus patients with type 2 diabetes
No T2D T2D
N n = 9005 n=1910
Men, n (%) 5912 (66) 1329 (70)
Age, years; mean (SD) 56 (12) 60 (10)
BMI, kg/m?; mean (SD) 26.5(4.1) 29.0 (5.0)
Smoking current, n (%) 3885 (43) 946 (50)
Pack-years, median (IQR) 11 (0-28) 13 (0-31)
Alcohol use, n (%) 809 (9) 272 (14)
Systolic blood pressure, mmHg; mean 141 (22) 145 (21)
(SD)
Diastolic blood pressure, nmHg; mean 83 (13) 83(12)
(SD)
Duration of diabetes, years; median - 4(1-10)
(IQR)
Medication
Glucose-lowering, n (%) - 1262 (66)
Insulin, n (%) - 455 (24)
Lipid-lowering, n (%) 4906 (55) 1218 (64)
Blood pressure-lowering, n (%) 5927 (66) 1473 (77)
Type of vascular disease
Coronary artery disease, n (%) 3684 (41) 842 (44)
Cerebrovascular disease, n (%) 1857 (21) 364 (19)
Peripheral artery disease, n (%) 1114 (12) 269 (14)
Abdominal aortic aneurysm, n (%) 552 (6) 92 (5)
Laboratory measurements
Glucose, mmol/L; mean (SD) 5.7 (0.7) 8.7 (2.9)
HbA1c, %; mean (SD) 5.6 (0.4) 7.1(1.3)
Triglyceride glucose index; mean 8.8 (0.6) 9.4(0.7)
(SD)
eGFR, ml/min/1.73 m?; mean (SD) 78.5(18.1) 78.5(22.1)
Micro-albuminuria, n (%) 463 (9) 417 (23)
Total cholesterol, mmol/L; mean 5.2(1.4) 4.8 (1.4)
(SD)
LDL-c, mmol/L; mean (SD) 3.2(1.2) 2.7 (1.1)
HDL-c, mmol/L; mean (SD) 1.3(0.4) 1.1(0.3)
Non-HDL-c, mmol/L; mean (SD) 3.9 (1.4) 3.7 (1.4)
Triglycerides, mmol/L; median (IQR) 1.4(1.0-20) 1.7 (1.2-2.5)

Note: Continuous variables are depicted as mean + SD, count variables as
n (%) and non-normally distributed variables as median (interquartile
range).

Abbreviations: BMI, body mass index; eGFR, estimated glomerular
filtration rate.

through the other mediators; elevated systolic blood pressure (PME
3%, 95% Cl 0-7%) or high LDL-c (PME -7%, 95% Cl -15 to —2%). Sub-
group analyses showed that LDL-c > 2.5 mmol/L appears to be a
mediator for patients without previous cardiovascular disease (PME
20%, 95% Cl 3-54%) and not for patients with previous cardiovascular
disease (PME -13%, 95% Cl -25 to —5%) (Table 4).
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TABLE 4 Subgroup analyses; mediation analysis: total, direct and indirect effects of type 2 diabetes on cardiovascular events and all-cause mortality; adjusted for age, sex and mediators

All-cause mortality

Cardiovascular events

Effects T2D vs. no T2D

No cardiovascular disease (n = 2745)

HR (95% ClI)

Presence of cardiovascular disease (n = 7469)

HR (95% ClI)

2745)

PME (95% Cl)

No cardiovascular disease (n

HR (95% Cl)

Presence of cardiovascular disease (n = 7469)

HR (95% Cl)

Subgroup

PME (95% ClI)

PME (95% ClI)

PME (95% Cl)

100%
59.7% (0-99.3)

1.85(1.33-2.57)
1.45(0.97-2.18)
1.28 (1.01-1.58)

100%

1.35(1.16-1.53)
1.20(1.03-1.37)
1.12(1.05-1.20)

100%

1.71 (1.21-2.41)
1.49 (0.98-2.24)
1.15 (0.93-1.40)

100%
69.2% (43.1-49.5)

1.49 (1.29-1.71)
1.32(1.14-1.55)
1.13 (1.04-1.22)

Total effect

59.1% (19.8-84.5)
40.9% (15.5-80.2)

69.2% (—11.0-100)
30.8% (—16.1-100)

Direct effect®

SHARIF ET AL

40.3% (0.7-100)

30.8% (10.5-56.9%)

Indirect effect, combined®

Indirect effect through:®

6.3% (—14.5-29.3)
-2.2% (-8.7-1.9)

1.04 (0.92-1.17)
0.99 (0.96-1.01)
1.00 (0.97-1.03)
1.12(1.02-1.23)
1.02 (0.98-1.06)
1.08 (1.02-1.15)

16.7% (1.7-38.6)

1.05 (1.00-1.09)
1.01 (1.00-1.03)
1.02 (1.01-1.04)
0.97 (0.95-0.98)
1.02 (1.00-1.03)
1.05(1.03-1.08)

12.1% (-14.5-50.3)
—6.3% (-19.9-0.5)

1.06 (0.93-1.19)
0.97 (0.93-1.00)
1.00 (0.97-1.03)
1.07 (0.98-1.18)
1.02 (0.98-1.05)
1.02 (0.98-1.07)

16,0% (3.1-31.3)

1.06 (1.01-1.12)
1.00 (0.99-1.02)
1.02 (1.01-1.04)
0.97 (0.95-0.99)
1.03 (1.01-1.04)
1.03(1.01-1.06)

Insulin resistance

4.7% (0.2-10.9)

1.1% (-2.4-4.7)

6.3% (2.0-11.6)
-7.8% (-13.8 to —3.0)

Systolic blood pressure

0.2% (-5.0-5.9)
20.2% (3.3-53.9)

7.3% (2.95-15.7)

-12.7% (-25.0 to —5.4)

0.2% (-8.0-8.1)

Kidney function

LDL-c

16.6% (—2.8-55.7)
3.5% (—4.7-15.9)
4.7% (—4.0-19.9)

3.5% (—3.4-12.5)
12.3% (3.7-27.1)

5.9% (0.2-14.2)

6.4% (2.0-11.7)

Triglycerides

19.1% (9.6-36.8)

8.8% (2.9-16.6)

Micro-albuminuria

Abbreviations: Cl, confidence interval; HR, hazard ratio; PME, proportion mediated effect; T2D, type 2 diabetes.

2Effect of type 2 diabetes not explained by mediators.

PEffect of type 2 diabetes through mediator(s).

4 | DISCUSSION

The aim of the current study was to assess and quantify the contribu-
tion of known risk factor pathways in the relation between type 2 dia-
betes and cardiovascular disease and all-cause mortality. The main
findings are that 65% of the cardiovascular risk and 58% of the mor-
tality risk could not be explained by traditional risk factors. Only 35%
of the excess cardiovascular risk and 42% of the mortality can be
attributed to the classical pathways leading to cardiovascular disease
and mortality. The pathway contributing the most to cardiovascular
disease was the presence of insulin resistance (18%), followed by ele-
vated triglycerides (8%), presence of micro-albuminura (7%) and
reduced kidney function (6%), whereas the pathways contributing the
most to mortality were presence of micro-albuminuria (18%), insulin
resistance (15%), elevated triglycerides (7%) and reduced kidney func-
tion (6%).

Even although there have been significant advances in cardiovas-
cular risk management and treatment, there is still an excess risk of
cardiovascular disease and mortality in patients with type 2 diabe-
tes."'! The results of the current study show that a substantial
amount of the type 2 diabetes-related cardiovascular and mortality
risk is unexplained by classical pathways. Many factors may contribute
to the increased cardiovascular and mortality risk that is observed in
patients with type 2 diabetes. The present study assessed mediators
in the relation between type 2 diabetes and cardiovascular events or
all-cause mortality, therefore known cardiovascular risk factors such
as lifestyle (e.g. smoking, alcohol use, physical exercise, diet), which
are not a causal consequence of type 2 diabetes, are not evaluated in
this analysis and will contribute to the unexplained type 2 diabetes-
related cardiovascular and mortality risk.

Non-traditional risk factors are potentially of importance and may
contribute to unexplained type 2 diabetes-related cardiovascular and
mortality risk, as only a quarter of the excess risk was explained by
the traditional risk factors. These non-traditional risk factors were not
evaluated in the mediation analysis because this analytical approach
assumes non-intertwining pathways and most of the non-traditional
risk factors have a common soil.

One of the non-traditional risk factors is adipose tissue dysfunc-
tion contributing to low-grade inflammation. Adipose tissue is an
active endocrine organ secreting hormones and cytokines. When
excess adipose tissue becomes dysfunctional, it produces tumor
necrosis factor (TNF-a) and interleukin-6 (IL-6), resulting in a state of
systemic low-grade inflammation and insulin resistance.*? Inflamma-
tion has been related to cardiovascular disease in an apparently
healthy population, although the study population included a small
proportion of patients with type 2 diabetes.'®'* Part of the
unexplained type 2 diabetes cardiovascular risk may be caused by adi-
pose tissue dysfunction and low-grade inflammation. Impaired fibrino-
lysis and thrombosis may also be the result of adipose tissue
dysfunction.*? Insulin resistance has been linked to increased expres-
sion of plasminogen activator inhibitor-1 (PAI-1), leading to decreased
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(fibrinogen, von Willebrand factor, factor VIII) were found to be risk
factors for coronary heart disease in patients with type 2 diabetes.*®
Impaired fibrinolysis and thrombosis may therefore also contribute to
the unexplained type 2 diabetes-related cardiovascular risk.

Patients with type 2 diabetes have high levels of advanced
glycation end products (AGEs). These are a group of molecules pro-
duced by non-enzymatic glycation and oxidation of lipids, proteins
and nucleic acids.? Glycation can alter the structure of low-density
lipoprotein and thereby prevent its clearance from the circulation
resulting in subsequent higher uptake in monocytes causing formation
of foam cells. Serum AGE levels are higher in patients with type 2 dia-
betes compared with patients without type 2 diabetes and, in addi-
tion, serum AGE levels are in turn higher in patients with type
2 diabetes and coronary heart disease compared with patients with
type 2 diabetes without coronary heart disease.?’ Also, increased
serum AGE levels have been related to more severe coronary athero-
sclerosis.?! A different route is through crosslinking of extracellular
matrix proteins in the arterial wall (e.g. elastin, collagen) leading to
arterial stiffness.'? Indeed, increased serum AGE levels are related to
increased arterial stiffness, which is thought to explain part of the
increased cardiovascular risk in patients with type 2 diabetes.?%23
The formation of AGEs and presence of arterial stiffness may also
have contributed to the unexplained type 2 diabetes-related
cardiovascular risk.

Glucose-lowering treatment might not be only beneficial but may
also induce cardiovascular harm. As such, the size of the remaining
unexplained risk related to type 2 diabetes may be in part caused by
detrimental or beneficial (side) effects of glucose-lowering pharmaco-
therapy. A recent meta-analysis consisting of 14 trials showed that
glucose-lowering drugs (especially peroxisome proliferator-activated
receptor agonists and dipeptidyl peptidase-4 inhibitors) increased the
risk of heart failure in patients with type 2 diabetes.?* Another meta-
analysis showed that severe hypoglycaemia, which is a common
adverse effect of glucose-lowering treatment, is also related to a
higher risk of cardiovascular events in patients with type 2 diabetes.?’

Besides non-traditional risk factors, a different explanation might
be that the increased risk of cardiovascular disease and all-cause mor-
tality has presumably already accumulated during the metabolic syn-
drome phase, preceding type 2 diabetes.2¢28 This would imply that
cardiovascular risk management should be focused on preventing
metabolic syndrome and the progression of patients with metabolic
syndrome into type 2 diabetes. In cases of patients with already
established type 2 diabetes, a multifactorial approach should be con-
sidered where, in addition to the traditional modifiable risk factors,
non-traditional risk factors are also targeted. An example of such an
approach is implemented in the Steno-2 trial, which resulted in a sig-
nificant decrease in cardiovascular events.?’

Even though there is a substantial residual cardiovascular and
mortality risk because of type 2 diabetes, it is important to emphasize
that about a quarter of the risk is explained by traditional modifiable
risk factors. Inherent to the mediation analysis technique, the present

study would imply that if the optimal levels of the classical risk factors

were achieved, an additional 25% relative risk reduction could be
achieved.

The current study also showed that in patients with type 2 diabe-
tes the remaining cardiovascular and mortality risk was not mediated
through LDL-c < 2.5 mmol/L or systolic blood pressure > 140 mmHg.
It is important to underline that the current study does not imply that
LDL-c and hypertension are not important risk factors in cardiovascu-
lar disease and mortality, but they do not explain the increased risk in
the relation between type 2 diabetes and cardiovascular events. This
is most probably because of the heterogeneity of the population, as
the subgroup analyses showed that LDL-c does explain part of the
cardiovascular and mortality risk.

The strength of this prospective study is the large real-world study
population with a considerable number of type 2 diabetes patients
with a standardized data collection. Another strength is that this ana-
lytical approach allows classification of the relation between type
2 diabetes and cardiovascular events or all-cause mortality, and is able
to quantify the specific contributions of the mediators. Also, the com-
bined indirect effect for cardiovascular events was higher than that
for all-cause mortality, which is expected, and therefore adds to the
validity of the results. A study limitation may be the assumption that
all confounders in the relation between type 2 diabetes and the out-
comes, and all the confounders in the relation between mediator and
the outcomes, were adjusted for in this analysis. Furthermore, only
baseline data of the mediators were available; they may have changed
and fluctuated over the course of follow-up. This may have amplified
or diminished the mediator effect. Also, as only baseline data were
available for the diagnosis of type 2 diabetes, it could not be assessed
as a time-varying variable, which may dilute the reference group and
attenuate the results. Future research incorporating time-varying anal-
ysis is therefore needed. In addition, with mediation analysis it is
assumed that pathways are non-intertwining and that the contribu-
tions of the specific mediators are additive. However, cardiovascular
risk factors tend to cluster, which can lead to some uncertainty
around the precise estimates in the mediation analysis. Also, the sub-
group of patients without previous cardiovascular disease consisted
only of 2745 patients, which leads to wide confidence intervals, mak-
ing interpretation more difficult. In addition, the subgroup analyses
may have been confounded by indication as the group of patients
with cardiovascular disease will be treated to lower LDL-c levels. This
may explain the reversed mediation by LDL-c in the subgroup ana-
lyses. To stress further upon subgroups, it is known that cardiovascu-
lar risk factors may vary by ethnicity. As patients were included in the
central part of The Netherlands and it was necessary to understand
Dutch, almost all of the patients were of Caucasian descent. The
potential problem with generalizability to other ethnic groups is pre-
sumably limited as differences in risk factors by ethnicity mostly have
an impact on the prevalence of the risk factor in different populations,
and not on the role of the risk factor in the pathogenesis of athero-
sclerosis. Finally, there may be risk of immortal time bias, as the defini-
tion of type 2 diabetes needs survival of 1 year in order to establish
whether the patients with glucose plasma concentration of

27.0 mmol/L at baseline commenced with glucose-lowering
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medication. However, this would result in dilution of the reference
group and would have attenuated the current results.

In conclusion, a substantial amount of the increased cardiovascular
risk and all-cause mortality because of type 2 diabetes cannot be
explained by traditional vascular risk factors. Future research should
focus on identifying non-classical pathways that might further explain
the increased cardiovascular and mortality risk caused by type
2 diabetes.
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