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Prognostic Factors of Fatal and Nonfatal
Cardiovascular Events in Patients With Type 2
Diabetes: The Role of Renal Function Biomarkers
Stefanos Roumeliotis,1,2 Vassilios Liakopoulos,1 Athanasios Roumeliotis,1 Aikaterini Stamou,3

Stylianos Panagoutsos,4 Graziella D’Arrigo,2 and Giovanni Tripepi2

In this study, 158patientswith different degreesof renal
functionwerefollowedfor7years toassess theprognostic
value of various risk factors, including carotid intima-
media thickness (cIMT) and biomarkers of renal function,
for incident cardiovascular morbidity and mortality in
patients with type 2 diabetes. The investigators found that
estimated glomerular filtration rate, albuminuria, and
history of cardiovascular disease (CVD) can be used for
prognosis ofCVD,whereas cIMTadds little to theaccuracy
of this prediction.

Type 2 diabetes, the leading cause of chronic kidney disease
(CKD) and end-stage renal disease (ESRD), is characterized
by a heavy cardiovascular (CV) burden. In large population-
based epidemiological studies examining mortality and CV
events, it has been shown that the risk of these outcomes is
higher in patients with a combination of the two conditions
(type 2 diabetes and CKD) compared with individuals with
CKD but without diabetes and those with diabetes with
normal renal function (1,2). Moreover, in the dialysis pop-
ulation, compared with people without diabetes, those with
diabetes have a 1.6 times excess risk for CV mortality (3).

During the past few decades, novel risk factors have
emerged, including factors triggered by the uremic or
hyperglycemic environment such as anemia, hypo-
albuminemia, albuminuria and reduction of renal func-
tion (4), oxidative stress (5), and inflammation (6). Based
on the belief that the presence of calcium in any arterial
wall of the human body is associated with a nearly fourfold
increase in CV morbidity and mortality, it was considered

that the presence of atherosclerosis in the carotid artery
reflects general atherosclerosis (7). Carotid intima-media
thickness (cIMT)has beenproposed as a surrogatemarker
of subclinical atherosclerosis and a strong, independent
predictor of CV events in patients with type 2 diabetes or
predialysis CKD and those on dialysis (8).

Recently, scientific prognostic research has focused on
developing risk-predictive models, especially in high-risk
populations, such as people with diabetes or CKD. These
prognostic models could provide an individualized risk
prediction and stratification and thus improve patients’
outcomes and decision-making in clinical practice. An
ideal risk model should be simple, quick, easy to assess,
and accurate. Herein, we assessed the prognostic value of
various risk factors, including cIMT and biomarkers of
kidney function, to predict incident fatal and nonfatal CV
events in a high-risk population such as patients with
documented type 2 diabetes.

Materials and Methods

Study Population

The study was approved by the Ethics Committee of the
Scientific Council of the University General Hospital of
Alexandroupolis inGreeceandwas in accordancewith the
Helsinki Declaration of Human Rights. Informed consent
was obtained from each patient.

A total of 158 adults, followed in the diabetic ne-
phropathy clinic of the University General Hospital of
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Alexandroupolis were recruited in the study, including
30 patients in CKD stage 5D (patients with ESRD un-
dergoing maintenance hemodialysis). All participants
had a history of type 2 diabetes for at least 10 years.
Exclusion criteria included urinary tract disease and acute
illness.

At the first visit (baseline), anthropometric and clinical
data, background clinical information regarding the
history of CV events, blood and urine sampling, and
measurement of cIMT were recorded. The definition of a
CVevent includedahistoryofheart failure, coronaryheart
disease, angina, stroke, or peripheral artery disease.
At baseline, estimated glomerular filtration rate
(eGFR) was estimated by the CKD Epidemiology
Collaboration (CKD-EPI) Equation (9), and every par-
ticipant was classified in CKD stages according to the
National Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative (10).

All patients were followed for a period of 7 years
(2008–2015) with fatal or nonfatal CV events as the
primary outcome. Mortality from causes other than
cardiovascular disease (CVD) was considered a com-
petitive event. Follow-up datawere obtained for the study
population via death certificates, hospital medical rec-
ords, regular follow-up visits, or an integrated telephone
interview.

Laboratory Analyses

Blood was drawn from all participants in the fasting state
to obtain whole blood, plasma, and serum, and the
samples were immediately transferred to the laboratory
for assay. Blood sampleswere collected from subjectswith
CKD stage 5D immediately before the start of a midweek
dialysis session. Hemoglobin, serum albumin, creatinine,
A1C, C-reactive protein (CRP), total cholesterol, LDL
cholesterol, and HDL cholesterol were immediately
assessed, as described elsewhere (11,12). For oxidized
LDL, blood samples were immediately centrifuged, and
plasma was stored at 220°C until analysis. Plasma levels
of oxidized LDL were assessed by enzyme-linked im-
munosorbent assay (ELISA), according to the manufac-
turer’s instructions (human oxidized LDL ELISA kit,
Mercodia, Sweden), as described before (12). Detection
limits for oxidized LDL were 0.3 units/L, and intra-/
interassay coefficients of variation were ,10%, as de-
scribed by themanufacturers. The presence of proteinuria
(urine protein-to-creatinine ratio [UPCR]) and albu-
minuria (urine albumin-to-creatinine ratio [UACR]) were
evaluated in a morning spot urine sample, as described
elsewhere (13).

Measurement of cIMT

cIMT was determined in all patients by a single trained
examiner using high-resolution, B-mode ultrasonography
with a 7.5-MHz transducer (ATL Ultrasound HDI 1300;
Phillips, Bothell, WA). cIMT was considered as the dis-
tance between the leading edge of the luminal-intimal
interface and the leading edge of the media-adventitia
interface (14). Three measurements were obtained for
each of the common carotid arteries in three sites: at
distances of 0.5, 1, and1.5 cm from the carotid bulb.Mean
cIMT was calculated as the mean of 18 values (nine for
each carotid artery).

Statistical Analyses

Data were tested for normality by the Kolmogorov-
Smirnov test. Normally distributed variables are pre-
sented as mean 6 SD, nonnormally distributed variables
are presented asmedian (interquartile range), and binary
data are presented as percentage frequency. Subject
characteristicswere comparedamonggroupsaccording to
previous history of CV events at baseline using a x2 test for
categorical variables and independent t tests and Mann-
WhitneyU tests for normally andnonnormally distributed
variables, respectively, as appropriate.

By adopting the Fine and Gray model, which takes into
account the competitive risk of death (15), we assessed
the associations between fatal and nonfatal CV events and
a series of candidate prognostic factors collected at
baseline. By univariate survival analyses, we tested
various risk factors, including age, sex, history of CV
events, smoking, duration of type 2 diabetes, BMI, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
A1C, total/LDL/HDL cholesterol, triglycerides, eGFR,
UACR, UPCR, albumin, hemoglobin, CRP, oxidized LDL,
and a surrogate marker of subclinical atherosclerosis
(cIMT). In multiple Cox Fine and Gray models, we in-
cluded all variables that were correlated with the study
outcome with P #0.05 in univariate analysis, which
included sex, history of CV events, duration of type 2
diabetes, HDL cholesterol, eGFR, UACR, albumin, he-
moglobin, and cIMT (full model). With both UPCR and
UACR associated with the study outcome, we chose to use
UACR in our analyses because it is more specific for
glomerular disease.

The prognostic performance of the full model (including
nine variables) was compared with that of a simpler
(nested) model based only on three prognostic variables:
history of CV events, eGFR, andUACR (simplifiedmodel).
Because simulation studies indicate that the minimum
observed interval coverage (91 vs. 91%) and maximum
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type I error rates (8.8 vs. 8.0%) were similar for 5–9
and .10 events per predictor variable in a Cox
analysis, we introduced into the full model one
prognostic factor for every eight patientswith the event of
interest, thus building a model of adequate statistical
power (16). In Fine and Gray models, data were
expressed as SEs, subhazard ratios (SHRs), 95% CIs,
and P values.

To compare the datafitting of the full versus the simplified
model, we used 22 log likelihood (22 log L)
statistics. This procedure compares two different models
fitted to the same set of survival data, and the smaller
the22 log L value, the better the agreement between the
model and the observed data. A difference in the22 log L
between two nested models that differ in “n” covariates
has a x2 distribution with n21 df.

The calibration and the discrimination abilities of
both full and simplified models were assessed by
Hosmer-Lemeshow test and by receiver operating char-
acteristic (ROC) curve, respectively. Briefly, calibration
measureshowmuch theoutcomeprobability estimatedby
a predictive model matches the “real” probability of the
same outcome. In calibration analysis, predicted and
observed outcome probabilities are compared by the
Hosmer-Lemeshow test. When not significant, this test
provides statistical evidence that predicted and observed
outcome probabilities do not differ, implying that the
model is calibrated. The area under the ROC curve
represents the proportion of all possible pairs of
patients in which the risk of study outcome as
estimated by the model agrees with the observed out-
come. The concept underlying this index is that, under
the assumption of random sampling, the predicted

TABLE 1 Baseline Anthropometric, Clinical, and Biochemical Data of Patients With Type 2 Diabetes According to Baseline CVD
Status

All Subjects
(n 5 158)

Subjects With No CV Events
(n 5 57)

Subjects With CV Events
(n 5 101)

P

Age, years 69 (45–90) 66 (45–90) 70 (47–86) 0.24

Female sex, % 47.5 59.6 40.6 0.016

Smoking habit, % 19.6 15.8 21.8 0.24

Diabetes duration, years 14 (2–40) 13 (2–25) 15 (4–40) 0.045

BMI, kg/m2 30.7 (5.1) 30.6 (5.0) 30.8 (5.2) 0.77

SBP, mmHg 137.4 (91–213) 140 (98–213) 135 (91–180) 0.20

DBP, mmHg 80 (50–120) 80 (60–120) 80 (50–99) 0.55

Hemoglobin, g/dL 12.4 (7.3–16.7) 12.4 (9.3–15.9) 12.4 (7.3–16.7) 0.90

A1C, % 7.4 (5.0–11.6) 7.2 (5.0–10.0) 7.5 (5.6–11.6) 0.052

Albumin, g/dL 4.2 (2.8–5.0) 4.2 (2.9–4.9) 4.1 (2.8–5.0) 0.24

CRP, mg/dL 0.24 (0–14) 0.20 (0–4.0) 0.33 (0–14.0) 0.12

Total cholesterol, mg/dL 168.5 (69–416) 166 (100–416) 169 (69–345) 0.53

LDL cholesterol, mg/dL 93 (27–325) 94 (30–325) 92 (27–245) 0.76

HDL cholesterol, mg/dL 45.0 (12.4) 47.6 (11.3) 43.5 (12.8) 0.042

Triglycerides, mg/dL 142.5 (27–966) 140 (27–551) 147 (52–966) 0.14

eGFR, mL/min/1.73 m2 41.3 (4–106.3) 57.3 (4.0–106.3) 38.4 (4.0–106.2) 0.14

UPCR, g/g 0.39 (0.01–9.7) 0.25 (0.01–9.7) 0.48 (0.01–7.0) 0.50

UACR, mg/g 0.08 (0.001–65) 0.04 (0.001–65) 0.13 (0.02–70) 0.16

Oxidized LDL, units/L 61.06 (17.9–123.4) 61.06 (17.9–103.8) 61.06 (22–123.4) 0.23

cIMT, mm 0.86 (0.40–1.78) 0.78 (0.40–1.78) 0.90 (0.55–1.76) <0.0001

Results for continuous variables are presented as mean (SD) or median (range). P values are from t test or Mann-Whitney U test for differences of
variables and x2 test for differences in frequencies among groups according to CVD status. Bold type indicates statistical significance.
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probabilities in patients who experience a given
outcome should be systematically higher than those in
patients who did not.

To assess the robustness of our results, a sensitivity
analysis was conducted by comparing the prognostic
accuracy of the full and simplified models by excluding
patients with stage 5D CKD.

Statistical analyses were performed using two standard
statistical packages (Stata 13.0 for Windows, College
Station, TX, and IBM SPSS, v. 18.0, for Windows, Chi-
cago, IL).

Results

Baseline Characteristics

Baseline anthropometric, clinical, andbiochemical data in
the whole group of patients with type 2 diabetes and
separately according to background CVD are presented in
Table 1. Patients with history of a CV event were more
likely to bemale,with a longer duration of type2diabetes,
lower serumHDL cholesterol levels, andmarkedly higher
cIMT values. Although glycemic control (assessed by serum
A1C) was more impaired in the group with a previous CV
event, thisassociationwasofmarginal statistical significance
(P50.052).Nodifferencewas foundbetweengroups for all
other variables, including biomarkers of diabetic CKD (i.e.,
eGFR, UPCR, and UACR).

Outcomes

During the follow-up period (median 57.5 months, range
7–84 months, total patient-time 6,263 months), 75 pa-
tients experienced CV events (33 fatal, 42 nonfatal), and
13 died of causes other than CV. In univariate competitive
risk analysis, hemoglobin (SHR 0.85, 95% CI 0.74–0.98,
P5 0.02), female sex (0.50, 0.30–0.82, P5 0.006), eGFR
(0.98, 0.97–0.99, P ,0.0001), serum albumin (0.43,
0.26–0.74, P 5 0.002), and HDL cholesterol (0.97,
0.95–0.99, P 5 0.02) were inversely associated with the
incident rate of CV events, whereas the duration of type 2
diabetes (SHR 1.03, 95% CI 1.00–1.06, P 5 0.04),
background CVD (5.47, 2.45–12.23, P ,0.0001),
UPCR (1.36, 1.22–1.51, P ,0.0001), UACR (1.01,
1.00–1.01, P ,0.0001), and cIMT (7.45, 3.46–16.04,
P ,0.0001) were directly related to the same end point
(Supplementary Table S1). In a multivariate Fine and
Graymodel including all univariate correlates of fatal and
nonfatal CV events (fullmodel), only history of CVD (SHR
5.86, 95% CI 2.15–13.36, P ,0.0001), eGFR (0.99,
0.98–0.99, P 5 0.009), UACR (1.01, 1.00–1.01,
P ,0.0001), and cIMT (3.92, 1.24–12.35, P 5 0.02)

remained significantly associated to the study outcome. In
the simplified model (see Statistical Analysis), history of
CVD (SHR 6.47, 95% CI 2.69–15.55, P ,0.0001), UACR
(1.01, 1.00–1.01, P ,0.0001), and eGFR (0.98,
0.97–0.99, P ,0.0001) (Table 2) all maintained an in-
dependent relationship with CV outcomes.

The comparison of the full (including nine variables)
versus the simplified (including only three variables)
model by22 log L statistics showed that the data fitting of
the twomodels did not significantly differ (x259.48, 6 df,
P50.15). Furthermore, the assessment of the areas under
the ROC curves (Figure 1) confirmed that the twomodels
had almost identical accuracy to predict the study out-
come (full model 87%, 95% CI 0.81–0.92, P ,0.001;
simplified model 84%, 95% CI 0.78–0.90, P ,0.001).
Moreover, the Hosmer-Lemeshow test showed that
the simplified model was better calibrated than the full
model, because the P value of this test in the simplified
model is farther from statistical significance (x2 5 9.24,
P 5 0.32) than that of the full model (x2 5 11.09,
P 5 0.20).

The sensitivity analysis excludingpatients in stage5DCKD
(n5 30) confirmed that the full and simplifiedmodels did
not significantly differ (x2 5 11.8, 6 df, P 5 0.07). The
areas under the ROC curveswere quite similar (fullmodel

TABLE 2 Multiple Cox Proportional Analysis (Fine-Gray
SHR Model) Showing Predictors for Fatal or Nonfatal CV
Events inMultivariateModels in PatientWith Type 2 Diabetes

Variables SHR 95% CI P

Full model (nine variables)

Hemoglobin, g/dL 0.93 0.79–1.09 0.37

eGFR, mL/min/1.73 m2 0.99 0.98–0.99 0.009

Female sex 0.63 0.38–1.06 0.08

Diabetes duration, years 0.98 0.95–1.02 0.51

Positive history of CV events 5.86 2.15–13.36 <0.0001

Albumin, g/dL 0.92 0.44–1.91 0.82

HDL cholesterol, mg/dL 1.00 0.98–1.02 0.98

UACR, mg/g 1.01 1.00–1.01 <0.0001

cIMT, mm 3.92 1.24–12.35 0.02

Simplified model (three variables)

eGFR, mL/min/1.73 m2 0.98 0.97–0.99 <0.0001

Positive history of CV events 6.47 2.69–15.55 <0.0001

UACR, mg/g 1.01 1.00–1.01 <0.0001

Bold type indicates statistical significance.
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83%, 95% CI 0.76–0.09, P ,0.001; simplified model
79%, 95% CI 0.72–0.87, P ,0.001), and, once again,
calibration of the simplified model (x2 5 4.97, P 5 0.76)
was better than that of the full model (x2 5 5.85,
P 5 0.60).

Discussion

In this study, we found that, among various risk factors,
biomarkers of kidney function (eGFR and urinary albu-
min) and background CVD have an adequate prognostic
value to predict CV mortality and morbidity in patients
with documented type 2 diabetes. Patients with diabetes
and CKD are considered one of the highest risk groups for
CV events. In our study, oxidative stress, inflammation,
and Framingham risk score (FRS) risk factors failed to
show any predictive value.

Kidney disease progression measures such as eGFR and
albuminuria—independent of each other—have been
repeatedly highlighted as strong predictors of CV mor-
tality and morbidity in the general population, people
with diabetes, and those with both early and advanced
CKD (17–19). Reduction of eGFR via various patterns
(slowor abrupt) has been shown to independently predict
earlydeath inpeoplewithESRDandpredialysisCKD(20).
Moreover, albuminuria confers a high CV risk on people
with type 2 diabetes via three pathways. First, it is an
independent predictor of deterioration of renal function;

second, it has been associated with progression of pre-
diabetes to type 2 diabetes (21); and, finally, it predicts
CVD independently of diabetes and eGFR.

The risk model proposed in this study contains only three
simple variables (albuminuria, eGFR, and previous CVD).
Because it requires a very short interview, a blood sample
for serum creatinine, and a urine spot test for UACR, it is
simple, quick, and inexpensive.

Theperformanceof a riskpredictionmodel is evaluatedby
assessment of its discrimination and calibration (22).
Discriminationmeasures the ability of a prognostic model
to distinguish (discriminate) individuals who develop the
outcome (event) of interest from those who do not (23),
whereas calibration measures the agreement between
real (observed) and predicted event rates (24). In our
study the simplified three-variable model had a high
discriminative power (area under the ROC curve: 84%),
whichwas almost identical to that of the full nine-variable
model (area under the ROC curve: 87%) and was
better calibrated. These results remained almost
unchanged in a sensitivity analysis excluding patients
with stage 5D CKD. Unfortunately, in most studies, the
issue of competitive risk is overlooked, and calibration
values are usually omitted, leading to poorly validated
models (25).

cIMT is considered a noninvasive surrogate marker for
atherosclerosis. Its measurement is time-consuming and

FIGURE 1 ROC curves showing the
performance of the full model and the
simplifiedmodel in predicting CV events
in patients with type 2 diabetes.

192 CLINICAL.DIABETESJOURNALS.ORG

FEATURE ARTICLE Predicting Cardiovascular Events in Type 2 Diabetes

https://clinical.diabetesjournals.org


requires a B-mode sonograph and a trained technician or
physician. Moreover, to eliminate examiner bias in a
specific cohort of patients, it is preferable that all mea-
surements should be done by a single examiner, which is
difficult to schedule in everyday clinical practice.

The clinical utility of cIMT for CV risk prognosis remains
controversial. Although the American Heart Association
(AHA) and the American College of Cardiology (ACC)
produced guidelines recommending evaluation of cIMT
for CV risk assessment in asymptomatic patients at in-
termediate risk or having other CVD risk factors (26), 3
years later, the AHA and ACC published new guidelines
that discouraged the use of cIMT for CV risk prediction in
everyday clinical practice (27). Moreover, the data re-
garding the association between carotid atherosclerosis
and CVD in the special population of people having CKD
and diabetes remain controversial. In this population,
some studies showed that cIMT was a predictor of CV
morbidity (28,29), but other investigators failed to show
any predictive value of carotid atherosclerosis (30,31).
Despite the initial enthusiasm regarding the clinical
predictive value of cIMT, a meta-analysis of 14
population-based studies and 45,828 subjects showed
that the addition of cIMT to the FRS conferred a slight,
clinically insignificant improvement in the 10-year pre-
diction of stroke or myocardial infraction (similar C
statistic for both models and 3.6% reclassification im-
provement in the cIMT1FRSmodel) (32). Similar results
in patients with type 2 diabetes were published by den
Ruijter et al. (33); the FRS and the expanded model with
cIMT had similar predictive value for 10-year develop-
ment of CV events, as assessed by similar C statistic and no
net reclassification improvement among groups. There-
fore, although cIMT remains a fundamental treatment
target in patients with type 2 diabetes, its measurement
solely for risk stratification is unwarranted.

Tangri et al. (25) performed a systematic review to
identify riskprognosticmodels forCKDpatients and found
three studies (six models) involving CV events (34–36).
The first study aimed to compare the predictive value of
traditional versus novel risk factors using data from the
community-based Cardiovascular Health Study cohort
(1,249 subjects $65 years of age with CKD defined as
eGFR ,60 mL/min/1.73 m2) followed for an average
period of 8.6 years (34). The authors found that FRS risk
factors such as diabetes, SBP, physical inactivity, smoking,
and use of alcohol were stronger predictors than novel
factors such as CRP, lipoprotein, interleukin, and fi-
brinogen. However, the authors did not include in their
study eGFR, albuminuria, and history of CVD. Moreover,
their model had a modest discriminative power (0.73),

whereas no calibration and data-fitting assessments were
reported. Therefore, Tangri et al. (25) concluded that this
proposed model had no clinical utility or usability. The
second study, byWeiner et al. (35), reported that the FRS
underpredicted CV events in a population with CKD (934
patients aged 45–74 years), with poor discriminatory
power (0.60) and calibration. The third study was an
analysis of TREAT (Trial to Reduce CV Events with
Aranesp Therapy), aiming to establish predictors of fatal
and nonfatal CV events in a cohort of 3,847 patients with
type 2 diabetes, anemia, and CKD (stages 2–4) (36). In
agreementwith our results, the authors found that history
of heart failure, coronary heart disease, arrythmia, serum
albumin, and proteinuria (assessed byUPCR)were strong
independent factors for their end point. Using these
variables, the authors formed a risk model with modest
discriminatory power (0.72), although no calibration or
data-fitting assessmentswere reported. Therefore, Tangri
et al. (25) suggested that thismodelmight notbe clinically
useful. None of the three studies was designed to focus on
creating clinical risk prognostic models, and none in-
cluded an easy-to-use model that could aid everyday
clinical decision-making. The authors of the systematic
review (25) concluded that a quick and accurate bedside
risk model should be developed for this high-risk
population.

The clinical value of albuminuria, eGFR, and history of
CVD as predictors of CV events has been highlighted in
other risk prediction models. In agreement with our
results, Bansal et al. (37)developedapredictionmodel for
5-year risk for all-cause mortality in 789 older adults with
predialysis CKD (stages 3–5). They found that, in uni-
variate Cox models with all tested variables, type 2 di-
abetes, UACR, history of CV events, sex, and eGFR were
the strongest predictors of death. Themodel also included
age, race, and smoking and had an acceptable discrim-
ination and calibration. Moreover, one of the major ad-
vantages of this risk model was that it included variables
that were easy to measure. In another 16-variable risk
model developed to predict mortality in 4,054 elderly
(aged 65–80 years) patientswithmoderate to severe CKD
(eGFR ,30 mL/min/1.73 m2), sex, type 2 diabetes,
history of CVD, and eGFR were reported as independent
risk factors (38).

Grams et al. (39) enrolled 1,798 patients with advanced
CKD (eGFR ,30 mL/min/1.73 m2) and found that age,
sex, race, eGFR, albuminuria, type 2 diabetes, BMI,
smoking, background CVD, SBP, and ejection fraction
were independent predictors of CV event occurrence over
a follow-up period of 5.5 years.
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Similarly, the predictive value of eGFR and proteinuria
was evaluated in an observational, retrospective study
including 447 patients with diabetes and advanced CKD
(40). The authors reported that, among all tested vari-
ables, eGFR and proteinuriawere the strongest predictors
of CVevents,whereas the effect of age, SBP, andA1Cwere
minimal. Theauthors proposeda riskmodel formortality/
progression to ESRD and CVD based on these variables.

Schlackow et al. (41) developed a risk prognostic model
for CV events in patients with moderate-to-severe CKD
(stages 3–5) using the 5-year follow-up data of the 9,270
patients in SHARP (Study of Heart and Renal Protection).
Similar to our findings, the authors reported that previous
CVD and advanced CKD were the main contributors to
increased individual risk for future CV events. Moreover,
this was the first prognostic study to include duration of
CKD as a risk factor. All variables of our full model were
included in their risk models except cIMT, which was not
measured.

Avery recent article reportedon a riskmodel forCVevents
using data from264,296 patientswith severe CKD (stages
4–5) from 30 countries participating in the CKD Prognosis
Consortium (42). The authors included in their model
similar variables to those in our study: sex, UACR, type 2
diabetes, history of CVD, eGFR, age, race, smoking, and
SBP. Moreover, they identified eGFR and albuminuria as
the factors that could dramatically affect the probability
of adverse outcomes in this cohort.

It has been reported that eGFR and albuminuria promote
atherosclerosis and the development of CVD through
entirely different mechanisms. Population-based studies
in large cohorts of peoplewith type 2diabetes suggest that
reduced eGFR and increased UACR are strong, inde-
pendent risk factors for both renal and CVD outcomes
(43,44). Given that, in our study, we found that eGFR and
albuminuria were associated with CV outcomes inde-
pendently of each other, we hypothesize that these two
factors might increase CV risk by partially different
pathogenetic pathways.

It is believed that low eGFR might represent local and
systemic atherosclerosis (45,46), and high albuminuria
may indicate endothelial dysfunction (47,48). Indeed, it
has been suggested that endothelial dysfunction, in-
flammation, and increased transvascular leakage of
albumin might be the pathophysiologic processes
underlying the strong association between albuminuria
and CVD (47,49). On the other hand, it has been sug-
gested that decline in eGFR might represent duration of
exposure to FRS risk factors, whereas others suggest that
the uremic environment triggers development and

progression of inflammation, oxidative stress, abnormal
calcium/phosphorus metabolism, and secondary hyper-
parathyroidism (50).

To the best of our knowledge, this is the first study aiming
to develop a risk model for prediction of CV events in a
cohort of patients with long-term type 2 diabetes and
different degrees of renal function.Moreover, it is the first
study in this population to compare risk models with and
without cIMT, a surrogatemarker for atherosclerosis with
controversial clinical utility. However, our study had
certain limitations. First, the observational design cannot
establish causality for our findings. However, the de-
mographic characteristics of our cohort and the outcomes
were consistent with published data in large populations.
Second, our cohort was composed of White only;
therefore, race could not be examined, and our results
were based on a single cohort. For generalization of our
findings, further studies are needed in multiple cohorts
that include patients of various races.

Conclusion

Based on this study, we propose a simple model for CV
event prediction that includes only three easy-to-measure
variables. eGFR, albuminuria, and history of CVD can
be used for prognosis of CVD, whereas cIMT adds little
to the accuracy of this prediction.
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