% UNIVERSITY OF HELSINKI

https://helda.helsinki.fi
Helda

Subclinical atherosclerosis burden predicts cardiovascular
events in individuals with diabetes and chronic kidney disease

Palanca, Ana

BioMed Central
2019-07-19

Cardiovascular Diabetology. 2019 Jul 19;18(1):93

http://hdl.handle.net/10138/303967

Downloaded from Helda, University of Helsinki institutional repository.
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



Palanca et al. Cardiovasc Diabetol (2019) 18:93

https:/doi.org/10.1186/512933-019-0897-y Cardiovascular Diabetol ogy

ORIGINAL INVESTIGATION Open Access

. . ®
Subclinical atherosclerosis burden e

predicts cardiovascular events in individuals
with diabetes and chronic kidney disease

Ana Palanca'?', Esmeralda Castelblanco®*', Angels Betriu®, Héctor Perpifidn®, Berta Soldevila'*4,
José Manuel Valdivielso®, Marcelino Bermudez-Lopez®, Carlos Puig-Jové', Manel Puig-Domingo'~,
Per-Henrik Groop’#%'°, Elvira Fernandez®, Nuria Alonso'**" and Didac Mauricio®**"

Abstract

Background: Individuals with diabetes have remarkably high rates of cardiovascular morbidity and mortality. How-
ever, the incremental cardiovascular risk in diabetes is heterogeneous and has often been related to renal involve-
ment. The purpose of this study was to analyse the prognostic value of subclinical atherosclerosis in determining the
incidence of first cardiovascular events (CVEs) in individuals with diabetes and chronic kidney disease (CKD) compared
to CKD individuals without diabetes.

Methods: We included data from individuals with CKD with and without diabetes, free from pre-existing cardiovas-
cular disease, from the NEFRONA cohort. Participants underwent baseline carotid and femoral ultrasound and were
followed up for 4 years. All CVEs during follow-up were registered. Bivariate analysis and Fine—Gray competing risk
models were used to perform the statistical analysis.

Results: During the mean follow-up time of 48 months, a total of 203 CVE was registered. 107 CVE occurred among
participants without diabetes (19.58 per 1000 person-years) and 96 CVE occurred among participants with diabetes
(44.44 per 1000 person-years). Following the competing risk analysis, the variables predicting CVEs in CKD individu-
als without diabetes were the number of territories with plaque at baseline (HR 1.862, 95% Cl [1.432;2.240]), age (HR
1.026, 95% CI [1.003;1.049]) and serum concentrations of 25-OH vitamin D (HR 0.963, 95% Cl [0.933;0.094]). The only
variable predicting CVEs among CKD participants with diabetes was the number of territories with plaque at baseline
(HR 1.782,95% Cl [1.393, 2.278]). For both models, concordance (C) index yielded was over 0.7.

Conclusions: The burden of subclinical atherosclerosis is the strongest predictor of future CVEs in diabetic individuals
with CKD. Early detection of subclinical atherosclerotic burden by multiterritorial vascular ultrasound could improve
CVE prediction in this population.

Keywords: Chronic kidney disease, Diabetes, Multiterritorial arterial ultrasound, Subclinical atherosclerosis,
Cardiovascular events
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Background

It is well established that individuals with diabetes have
an increased risk of developing cardiovascular disease
(CVD) as well as poorer cardiovascular outcomes com-
pared to the general population [1]. For the last two
decades, diabetes has been considered an equivalent
condition to CVD [2], and this heightened cardiovascu-
lar risk has been emphasized in former clinical guide-
lines [3, 4]. That said, some studies have reported that
although individuals with diabetes show a two to fourfold
increased risk of CVD, this risk is not equivalent to that
of individuals who have had a cardiovascular event (CVE)
[5-8]. These data support the concept of heterogene-
ity in cardiovascular risk within the diabetic population
and therefore underline the need for cardiovascular risk
stratification [9, 10].

On the other hand, quantification of the burden of
atherosclerotic plaque assessed by noninvasive ultra-
sonography is a strong predictor for CVEs and, hence,
is considered a valid tool for cardiovascular risk stratifi-
cation [11, 12]. In addition, several studies support the
value of measuring subclinical atherosclerosis (SA) in
multiple arterial territories for an improved CVE pre-
dictive value and, thus, a more accurate cardiovascular
risk stratification [13, 14]. In addition, the substantial
impact of declining renal function and albuminuria on
cardiovascular risk has been broadly acknowledged in the
literature [15]. In fact, it has been reported that in indi-
viduals with diabetes, the presence of chronic kidney dis-
ease (CKD) is associated with an increased risk of CVD,
explaining in part their heightened burden of CVD [16].

To date, there is limited evidence describing the spe-
cific prevalence of SA in individuals with both diabetes
and CKD. Recently, our group reported that SA is more
prevalent, carries a higher plaque burden and is more
rapidly progressive in individuals with CKD and diabe-
tes [17]. In addition, our group also reported that renal
individuals show a higher prevalence of plaques [18, 19]
and a higher incidence of future CVEs across all stages of
CKD compared with controls [20].

Therefore, we examined the prognostic value of mul-
titerritorial vascular evaluation and the extent of SA in
predicting the incidence of new CVEs in individuals with
renal disease and diabetes, using data from the National
Observatory of Atherosclerosis in Nephrology (NEE-
RONA) study [21]. We hypothesized that the additional
atherosclerotic plaque burden that involves having both
conditions would be a marker of an increased risk of
CVEs and contribute to the prediction of the incidence
of CVEs among CKD individuals with diabetes in our
cohort.

Thus, the aim of our study was to analyse the incidence
of CVEs and its association with baseline subclinical
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atherosclerotic status in CKD individuals with and with-
out diabetes.

Methods

Design and study population

The present study included 1747 individuals with CKD
without diabetes and 698 individuals with CKD with dia-
betes from the NEFRONA cohort. The design, objective
and methods of the NEFRONA study have been pub-
lished in detail previously [21]. Briefly, the NEFRONA
study is a multicentre, prospective observational study.
We aimed to evaluate the prevalence and evolution of
subclinical atheromatosis in CKD individuals, as well as
the contribution of vascular imaging for a more precise
cardiovascular risk assessment.

Between October 2010 and June 2012, 2445 CKD indi-
viduals with and without diabetes who were free from
previous cardiovascular disease and were 18 to 75 years
of age were recruited from 81 Spanish hospitals and
dialysis clinics [19]. Participants with known CVD or
who had undergone any carotid artery intervention were
excluded. Other exclusion criteria were pregnancy, life
expectancy of less than 12 months, any active infection or
previous organ transplantation. Participants underwent
baseline carotid and femoral ultrasound examinations.
During a 4-year follow-up period, all cardiovascular
events, noncardiovascular deaths and kidney transplan-
tations were registered.

The Ethical Committees of all involved Spanish neph-
rology centres approved this study with the final approval
by the Ethics committee board of the Hospital Universi-
tario Arnau de Vilanova (Lleida, Spain). The investigation
has been conducted according to the principles expressed
in the Declaration of Helsinki, and all the included par-
ticipants provided written informed consents.

Clinical data and laboratory examinations

Information on the participant’s medical history, cardio-
vascular risk factors and drug use was collected at base-
line. Dyslipidaemia was therefore defined as a recorded
clinical diagnosis or current use of lipid-lowering medi-
cation. A detailed history was taken. A physical examina-
tion including standard vital tests and anthropometric
measures, such as height, weight and waist-hip ratio,
was performed [21]. A routine fasting blood test was
carried out within 3 months of the vascular ultrasound
examination, and biochemical parameters were obtained.
The estimated glomerular filtration rate was determined
using the Modification of Diet in Renal Disease Study
formula (MDRD-4). High-sensitive C reactive protein
(hsCRP) plasma concentrations were measured with an
immunoturbidimetric method (Roche/Hitachi modu-
lar analytics). Serum concentrations of 25-OH vitamin
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D were determined by an ELISA (IDS, UK) as described
previously [20].

Diagnosis of diabetes mellitus

The criteria used to make the diagnosis of diabetes and,
thus, to include a individual in the diabetes group have
been reported previously [17]. The criteria used were
as follows: a previous diagnosis of diabetes recorded in
the individual’s medical history, a fasting plasma glu-
cose > 126 mg/dl or HbAlc> 6.5% determined by labora-
tory testing or a current prescription of any anti-diabetic
drug.

Carotid and femoral imaging

B-mode ultrasound and colour Doppler examinations
of carotid and femoral sites were performed using the
Vivid BT09 apparatus (GE Healthcare, Waukesha, WT)
equipped with a 6-13 MHz broadband linear array probe
previously explained [21]. The presence of atheromatous
plaque was assessed in ten vascular territories: internal,
bulb and common carotid, and common and superfi-
cial femoral arteries. Atheromatous plaque was defined
as intima media thickness (cIMT)>1.5 mm protruding
into the lumen, according to the ASE Consensus State-
ment [22] and the Mannheim cIMT Consensus [23]. The
ultrasound examination was performed in a blinded fash-
ion by three itinerant teams belonging to the UDETMA
(Unit for Detection and Treatment of Atherothrom-
botic Diseases, Hospital Universitari Arnau de Vilanova,
Lleida, Spain) using semi-automatic EchoPAC Dimension
software (GE Healthcare) according to a standardized
protocol. To evaluate intraobserver plaque assessment
reliability, a sample of 20 randomly chosen subjects was
assessed 3 to 5 times on different days, obtaining a kappa
coefficient of 1 and, therefore, indicating excellent intrao-
bserver reliability [20].

Follow-up period and cardiovascular events

Participants were followed-up for 4 years. During the
follow-up period, data on fatal and nonfatal cardiovas-
cular events were recorded by the referring physician as
reported previously [20]. The CVE were defined accord-
ing to the International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD9-CM], which
includes unstable angina, myocardial infarction, tran-
sient ischaemic attack, cerebrovascular accident, conges-
tive heart failure, arrhythmia, peripheral arterial disease
or amputation due to peripheral arterial disease, and
aortic aneurism [21]. Cardiovascular mortality causes
included myocardial infarction, arrhythmia, congestive
heart failure, stroke, abdominal aortic aneurism, mesen-
teric infarction, and sudden death. CVEs and death were
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accurately recorded. Noncardiovascular death and kid-
ney transplants were also recorded during follow-up.

Statistical analysis

Data for quantitative variables are presented as a median
and interquartile range, and qualitative variables are pre-
sented as a number and percentage. Participant char-
acteristics were compared between nondiabetic and
diabetic participants using the Mann—Whitney U test
and Pearson’s Chi-square test for non-normal quantita-
tive and categorical variables, respectively.

The association between potential risk factors and
CVEs was investigated using bivariate analyses (Cox pro-
portional hazards model). Significant variables in bivari-
ate analyses and potential confounding factors were used
to develop appropriate multiple models for estimating
CVE risk under competitive risk conditions.

The Fine—Gray competing risk regression model was
used to estimate the contribution of baseline patient
characteristics to the cumulative incidence of CVEs.
Noncardiovascular death and kidney transplantation
were both considered competing events. Different mod-
els were fitted for CKD participants without diabetes as
well as for CKD participants with diabetes. The model in
each case was selected using the Bayesian information
criteria [24]. A concordance index (C-index) was used to
measure the discriminative power of the Fine—Gray mod-
els at 24 and 48 months. A statistical significance level
of 0.05 was used. The statistical analysis was carried out
with R statistical software version 3.3.1.

Results

Baseline patient characteristics and study endpoints

The participants included 1747 CKD individuals with-
out diabetes and 698 CKD individuals with diabetes. The
baseline characteristics of the participants are described
in Table 1. The median follow-up time was 48 months in
both groups.

During the mean follow-up time of 48 months, a total
of 203 CVE was registered, of which 107 occurred among
participants without diabetes and 96 among participants
with diabetes. Corresponding CVE rates were 19.58 ver-
sus 44.44 per 1000 person-years, respectively (Additional
file 1: Figure S1). We also observed that among diabetes
participants, CVE rates increased with declining renal
function: CVE rates were 30.90 per 1000 person-years
in CKD-3 versus 41.14 per 1000 person-years in CKD-
4/5 and 100.67 per 1000 person-years in individuals on
renal replacement therapy (RRT) (p-trend<0.001). This
tendency was milder among renal participants with-
out diabetes: CVE rates were 15.04 per 1000 person-
years in CKD-3 versus 18.19 per 1000 person-years in
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Table 1 Population baseline characteristics
CKD without diabetes CKD with diabetes p-value
N=1747 N=698
Gender, male 1047 (59.9%) 461 (66.0%) 0.006
CKD stage < 0.001
CKD-3 662 (37.9%) 288 (41.3%)
CKD-4/5 551 (31.5%) 256 (36.7%)
RTT 534 (30.6%) 154 (22.1%)
Age [years] 59.0 [48.0,67.0] 65.0 [56.0;70.0] < 0.001
Current smoker 967 (55.4%) 404 (57.9%) 0.275
Hypertension 1554 (89.0%) 673 (96.4%) <0.001
25-0OH vitamin D [ng/ml] 154 [11.4,19.6] 13.8[104;,18.5] <0.001
eGFR [ml/min per 1.73 m?] 31.6[20.9;44.3] 31.7[21.5/44.2] 0.812
Glucose [mg/dl] 92.0[85.0;101] 133[108;164] < 0.001
Total cholesterol [mg/dl] 177 [153;205] 171 [143;197] < 0.001
HDL cholesterol [mg/dl] 48.0[39.0;59.0] 44,0 [36.0;53.9] < 0.001
LDL cholesterol [mg/dl] 103 [82.0;123] 92.0[71.4,113] < 0.001
non-HDL cholesterol [mg/dl] 128 [105;153] 122 [100;148] 0.011
Triglycerides [mg/dl] 1181[89.0;162] 147 [103;205] < 0.001
hsCRP [mg/dl] 1.86 [0.90;4.17] 2.58(1.16,5.84] <0.001
Antidiabetic treatment < 0.001
Diet - 166 (23.8%)
Oral hypoglycemic drugs - 164 (23.5%)
Insulin treatment - 368 (52.7%)
HbA1c [g/dl] 5401[5.10,5.70] 6.80 [6.10;7.80] <0.001
Albumin/creatinine ratio mg/g 89.1[11.2,384] 149 [18.6,601] 0.001
Pulse pressure [mmHg] 56.0 [47.0,69.0] 68.0 [54.0,81.0] < 0.001
Antihypertensive treatment 1506 (86.2%) 650 (93.1%) < 0.001
Lipid-lowering drugs 975 (55.8%) 465 (66.6%) <0.001
Number of plaques 1.00 [0.00;3.00] 3.00 [1.00;5.00] < 0.001
Presence of any plaque 1138 (65.1%) 570 (81.7%) < 0.001
Presence of carotid plaques 901 (51.6%) 502 (71.9%) < 0.001
Carotid plague [only] 291 (16.7%) 165 (23.6%) <0.001
Presence of femoral plaques 847 (48.5%) 405 (58.0%) <0.001
Femoral plaque [only] 237 (13.6%) 68 (9.74%) 0.012
> 2 territories with plaque 853 (48.8%) 465 (66.6%) < 0.001
Carotid and femoral plaques 610 (34.9%) 337 (48.3%) <0.001
Follow-up time [months] 48.4[27.1;52.0] 4831[25.7:52.0] 0.675

CKD chronic kidney disease, RRT renal replacement therapy, eGFR estimated glomerular filtration rate determined by the Modification of Diet in Renal Disease Study
formula (MDRD-4), HDL high density lipoprotein, LDL low density lipoprotein, hsCRP high sensitivity C-reactive protein

CKD-4/5 versus 31.72 per 1000 person-years for RRT
(p-trend <0.001). (Additional file 1: Figure S1).

Among women without diabetes, the CVE rate during
follow-up was 16.04 per 1000 person-years and in men
without diabetes, it was 22.05 per 1000 person-years.
Among women with diabetes, the CVE rate was 32.17 per
1000 person-years, whereas among men with diabetes, it
was 50.92 per 1000 person-years. Women with diabetes
presented with more CVEs than men without diabetes
(32.17 versus 22.05 per 1000 person-years, respectively;

p=0.0019), and this was observed consistently across
all stages of CKD. In line with this result, stage 3 CKD
women with diabetes experienced a slightly higher rate
of incident CVEs compared to men with diabetes and
stage 3 CKD (31.52 versus 30.67 per 1000 person-years,
respectively) (Additional file 1: Figure S1).

Factors associated with CVE
Among CKD participants without diabetes, the bivariate
analysis showed that age (HR 1.04, 95% CI [1.02;1.06]),
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RRT (HR 2.23, 95% CI [1.40;3.55]), current smoker (HR
1.60, 95% CI [1.08;2.39]), serum concentration of HDL-
cholesterol (0.98, 95% CI [0.96;0.99]), serum concentra-
tion of hsCRP (HR 1.01, 95% CI [1.00;1.03]) and pulse
pressure values (1.02, 95% CI [1.01;1.03]) were associ-
ated with the occurrence of CVEs during the follow-up
period (Additional file 1: Table S1). Among CKD partici-
pants with diabetes, factors associated with a CVE were
RRT (HR 3.58, 95% CI [2.16;5.93]) and insulin treatment
(HR 1.87, 95% CI [1.06;3.30]). Additionally, in this group
of CKD participants with diabetes, being a female was
associated with fewer CVEs (0.63, 95% CI [0.40;1.00])
as well as having better renal function (HR 0.98, 95% CI
[0.96;1.00]) (Additional file 1: Table S1). In both groups,
it was found that serum concentrations of 25-OH vita-
min D were inversely associated with the incidence of
CVE, participants without diabetes HR 0.96, 95% CI
[0.93;0.99], and participants with diabetes HR 0.95, 95%
CI[0.92;0.98] (Additional file 1: Table S1).

In both the nondiabetic and diabetic study groups, the
bivariate analysis showed that the presence of plaque (HR
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5.83,95% CI [2.95;11.54] and HR 3.39, 95% CI [1.48;7.75],
respectively) and the number of territories with basal
plaque (HR 1.26, 95% CI [1.18;1.35] and HR 1.18, 95% CI
[1.09;1.27], respectively) as well as having more than two
vascular territories affected with plaque at baseline (HR
3.26, 95% CI [2.09;5.07] and HR 3.35, 95% CI [1.87;6.01],
respectively) were associated with suffering from a CVE
during follow-up (Table 2). To the same extent, the pres-
ence of atherosclerotic plaques in both vascular sites,
carotid and femoral, was also found to be positively asso-
ciated with incident CVEs in both groups (HR 2.57, 95%
CI [1.75;3.78] and HR 2.09, 95% CI [1.37;3.17], respec-
tively) (Table 2).

Following the competing risk model analysis, the vari-
ables predicting CVE in CKD participants without diabe-
tes were the number of territories with plaque at baseline
(HR 1.862, 95% CI [1.432;2.240]), age (HR 1.026, 95% CI
[1.003;1.049]) and serum concentrations of 25-OH vita-
min D (HR 0.963, 95% CI [0.933;0.094]) (Table 3). On
the other hand, among CKD participants with diabetes,
the only variable that predicted CVEs was the number

Table 2 Bivariate unadjusted analysis of the plaque at baseline according to the incidence of cardiovascular events

CKD without diabetes

CKD with diabetes

NoCVEN=1640 CVEN=107 HRI[95% ClI] pvalue* NoCVEN=602 CVEN=96 HR[95%CI] pvalue*
Territories with plaque 1.0 [0.0;3.0] 3.0[2.0,5.0] 1.26[1.18135]  <0.001 2.0[1.0,5.0] 40[2.060] 1.18[1.091.27] <0.001
Presence of plaque 1040 (63.4%) 98 (91.6%) 5.83[2951154] <0.001 480 (79.7%) 90 (93.8%)  3.39[1.48;7.75] 0.004
Presence of carotid 815 (49.7%) 86 (80.4%) 380[236,6.12]  <0.001 418 (69.4%) 84 (87.5%)  2.86[1.56,5.24] 0.001
plaque
Carotid plaque [only] 267 (16.3%) 24 (22.4%) 1.41[0.90;,2.22] 0.137 143 (23.8%) 22 (229%) 0.92[0.57;1.49] 0.748
Presence of femoral 773 (47.1%) 74 (69.2%) 242[1.603.64]  <0.001 337(56.0%) 68 (70.8%)  1.81[1.17,2.82] 0.008
plaque
Femoral plaque [only] 225 (13.7%) 12 (11.2%) 0.83[0.45;1.51] 0.538 62 (10.3%) 6 (6.25%) 0.56 [0.25;1.29] 0.173
> 2 territories with plaque 772 (47.1%) 81 (75.7%) 3.26 [2.09,5.07] <0.001 382 (63.5%) 83(86.5%) 3.35[1.87:6.01] <0.001
Carotid and femoral 548 (33.4%) 62 (57.9%) 2.57[1.753.78]  <0.001 275(45.7%) 62 (64.6%) 2.09[1.37;3.17] 0.001
plaque
CVE fatal and non-fatal cardiovascular event
*p values correspond to HR. Chi-squared test for trend in proportions p < 0.005
Table 3 Fine and Gray multiple regression to model incidence of cardiovascular events
CKD without diabetes CKD with diabetes
HR [95% Cl] p-value HR[95% Cl] p-value
Age 1.026 [1.003;1.049] 0.024 - -
Baseline PL [sq] 1.862 [1.432;2.420] < 0.001 1.782[1.393;2.278] <0.001
25-OH vitamin D 0.963 [0.933;0.994] <0.001 - -
C-index (24 months) 78.88 71.82
C-index (48 months) 75.63 7149

The variables introduced to build the model were: gender, age in years, smoking, CKD stage, HDL cholesterol, 25-OH vitamin D and the square root of number of
territories with plaque(s) at baseline, and glycated haemoglobin, oral treatment, and insulin treatment only for DM patients

CKD chronic kidney disease, Baseline PL [sq] the square root of number of territories with plaque
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of territories with plaque at baseline (HR 1.782, 95% CI
[1.393;2.278]) (Table 3). Estimated C-index values over
0.7 were found for the selected model in each group
(Table 3).

Discussion

In the present study, we found that in CKD participants
with diabetes and without known CVD, an increased
burden of basal atherosclerotic plaque translates into an
increased risk of incident CVEs. We also demonstrated
that the number of vascular territories affected with
plaque is the strongest associated factor for future CVEs
in CKD individuals with diabetes, whereas in nondiabetic
CKD individuals, other factors influenced the occurrence
of CVE, such as age and serum concentrations of 25-OH
vitamin D. To the best of our knowledge, this is an origi-
nal work showing that in individuals with CKD and dia-
betes, multiterritorial vascular ultrasonography could
help in future CVE prediction.

Atherosclerosis burden and CVE

Atherosclerosis is a diffuse condition. Historically, nec-
ropsy examinations have revealed extensive atheroscle-
rotic lesions in subjects experiencing fatal CVEs [25],
thus linking CVD and atherosclerosis burden. Data from
the literature have shown that the detection of preclinical
atherosclerosis improved cardiovascular risk prediction
beyond traditional cardiovascular risk factors [26, 27]. In
addition, the quantification of plaque burden improved
risk prediction even further [27-29]. Proxy measures
of atherosclerosis burden, including noninvasive tech-
niques, such as coronary artery calcification (CAC) score
and vascular ultrasonography, have been the object of
multiple investigations as a tool to predict incident CVEs.
In individuals without established CVD, previous stud-
ies have reported that atherosclerosis burden, meas-
ured either by CAC score or plaque burden at carotid
or femoral sites, is a strong and independent predictor
of CVEs [30, 31]. A high atherosclerotic burden has also
been associated with increased cardiovascular and total
mortality risk [32—34], even in very elderly people [35].
Additionally, data from prior studies including renal par-
ticipant cohorts have also demonstrated the relationship
between atherosclerosis burden and CVD. A study from
our group published in 2017 [20] found that the number
of arterial territories affected with atherosclerotic plaque
predicted the occurrence of CVEs in a cohort of asymp-
tomatic renal individuals, including all-stages of CKD.
Likewise, in a work that followed 226 individuals on hae-
modialysis for 5 years with carotid ultrasonography [36],
plaque number was found to be an independent marker
of fatal CVEs.
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Concerning individuals with diabetes, the atheroscle-
rotic burden measured by the CAC score has been shown
to predict CVEs in asymptomatic subjects [7], while the
presence of carotid and/or lower limb atherosclerosis
assessed by ultrasonography has been shown to be asso-
ciated with the prevalence of CVD [37], with the risk
being greater in those subjects with concomitant carotid
and femoral atherosclerosis.

Other factors associated with CVE

The analysis of associated factors with the incidence of
CVEs in our cohort of individuals has shown that age and
serum 25-OH vitamin D concentrations were predictive
of CVEs only in CKD individuals without diabetes, while
the number of territories with plaque at baseline was
predictive of CVEs both in individuals with and without
diabetes.

Age is a well-known factor for CVD [38]. In our study,
age was independently associated with CVEs in CKD
individuals without diabetes but not in those with diabe-
tes, inferring that individuals with diabetes present with
a higher incidence of CVEs at younger ages, as has been
reported in the literature [39]. Likewise, the association
between 25-OH vitamin D serum concentrations and the
incidence of CVE found in the present study in individu-
als without diabetes is in keeping with studies that appear
to link vitamin D deficiency to CVD [40].

In the current analysis, there were no other risk factors
that improved the assessment of CVE risk once added to
the number of territories with plaque. Strikingly, the only
factor predicting CVEs in this group with diabetes was
atherosclerotic burden.

In fact, in our study, sex was not a risk factor for the
incidence of CVEs in individuals with or without diabe-
tes. In the general population, it is known that nondia-
betic women have fewer CVEs than nondiabetic men of
the same age. However, this advantage appears to be lost
in the presence of diabetes [41-45]. The present study is
in agreement with these findings showing that the loss of
the protective cardiovascular sex effect is also observed
in women with diabetes and CKD. This statement is rein-
forced by the fact that the incidence of CVEs in women
from our cohort with diabetes was higher than that in
men without diabetes, as well as by the data that the inci-
dence of CVEs was similar in women with diabetes in
stage 3 CKD compared to males with diabetes with simi-
lar kidney function.

Regarding cardiovascular risk prediction in patients
with diabetes, Colom et al. have recently described that
in patients with type 1 diabetes without previous cardio-
vascular disease alterations in the composition of HDL
are associated with subclinical coronary artery disease
as well as with an increased volume of epicardial adipose
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tissue suggesting that HDL composition may be a link
between coronary atherosclerosis and the accumulation
of this type of adipose tissue in these subjects [46]. Also
in subjects with type 1 diabetes free from CV disease, our
group has recently described that presence of advanced
stages of diabetic retinopathy are associated with pres-
ence and burden of subclinical carotid atherosclerosis
[47]. On the other hand, in healthy normotensive and
normoglycaemic subjects classical risk factors, such as
age and blood pressure, have been found to be associated
with subclinical vascular damage while no association
has been found with plasma biomarkers involved in the
inflammatory process of atherosclerosis [48].

Finally, as we have demonstrated in the present work,
quantification of atherosclerotic lesions by vascular ultra-
sonography is a feasible and reliable tool for CVE predic-
tion. It should also be noted that new three-dimensional
[28] and contrast-enhanced ultrasonography [49] could
improve vascular assessment even further and thus con-
tribute to refining the early prediction of CVEs.

Limitations

A limitation of the current work relates to the baseline
clinical characteristics relevant to diabetes that were not
available due to the inherent nature of the NEFRONA
study that was initially designed to investigate renal dis-
ease and cardiovascular risk. In addition, the endpoints
registered during the observation period entailed the
discontinuation of the follow-up after a first CVE, after
nonCV death or after renal transplantation. However,
this has been considered and mitigated with the compet-
ing risk analysis.

Conclusions

CVD screening in asymptomatic individuals with dia-
betes remains controversial [50]. Moreover, CVD risk
stratification remains an important challenge in the CKD
population. However, our results shed some light on this
matter. We have demonstrated that multiterritorial ultra-
sonography is a valid and strong noninvasive tool to help
predict CVEs among diabetic individuals with CKD. In
this subgroup of high-risk individuals, quantifying SA by
the combined application of carotid and lower extremity
vascular ultrasonography could improve CVE prediction
and may help identify those individuals with higher CV
risk. The strategies implemented in routine practice to
efficiently quantify subclinical arterial lesions in diabetic
individuals with CKD might be of clinical benefit and
should be considered with a special emphasis on younger
women with diabetes.
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1000 person-years according to chronic kidney disease stage, diabetes
status and gender. Table S1. Bivariate analysis of baseline characteristics
in the NEFRONA cohort by incidence of cardiovascular events.

Abbreviations

CKD: chronic kidney disease; CVEs: cardiovascular events; SA: subclinical
atherosclerosis; CVD: cardiovascular disease; cIMT: carotid intima media thick-
ness; RRT: renal replacement therapy; CAC: coronary artery calcification; MI:
myocardial infarction.

Acknowledgements

We particularly acknowledge the participants, the NEFRONA team (Teresa
Vidal, Eva Castro, Virtudes Maria, Teresa Moli, Meritxell Soria) and the Biobank
of RedInRen for their collaboration.

Authors’ contributions

AP and EC contributed to the study design, conduct of the study, data analy-
sis, and the writing of the manuscript. JMV, MB-L and AB contributed to the
data collection and conduct of the study. HP and XD contributed to the data
analyses and writing of the manuscript. EF, PHG and MPD contributed to data
interpretation and discussion. NA and DM contributed to the study design
and coordination, conduct of the study, data analysis, and writing of the
manuscript. All authors critically reviewed the manuscript and approved the
final version for publication. DM and NA are the guarantors of this work and, as
such, had full access to all the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis. All authors read and
approved the final manuscript.

Funding

This research was supported by grants from the Carlos Ill National Institute of
Health (P114/1772), the European Foundation for the Study of Diabetes (2014-
EFSD-00914) and European Regional Development Fund. CIBER for Diabetes
and Associated Metabolic Diseases (CIBERDEM) is an initiative of ISCIII, Spain.
The NEFRONA study is funded by a research grant from AbbVie.

Availability of data and materials
Primary material is held by the authors.

Ethics approval and consent to participate

The Ethical Committees of all involved Spanish nephrology centres approved
this study with the final approval by the Ethics committee board of the
Hospital Universitario Arnau de Vilanova (Lleida, Spain). The investigation has
been conducted according to the principles expressed in the Declaration of
Helsinki, and all the included participants provided written informed consents.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Endocrinology & Nutrition, Health Sciences Research
Institute & University Hospital Germans Trias i Pujol, Carretera Canyet S/N,
08916 Badalona, Spain. 2 Department of Medicine, Barcelona Autonomous
University (UAB), Barcelona, Spain. 2 Department of Endocrinology & Nutrition,
Hospital de la Santa Creu i Sant Pau & Institut d'Investigacio Biomédica Sant
Pau (IIB Sant Pau), Sant Quinti, 89, 08041 Barcelona, Spain. * Center for Bio-
medical Research on Diabetes and Associated Metabolic Diseases (CIBERDEM),
Barcelona, Spain. ® Vascular and Renal Translational Research Group, Institut
de Recerca Biomedica de Lleida, Lleida, Spain. 5 Biostatistics Unit, Institut de
Recerca Biomédica de Lleida, Lleida, Spain.’ Folkhalsan Institute of Genetics,
Folkhélsan Research Center, Helsinki, Finland. ¢ Abdominal Center Nephrol-
ogy, University of Helsinki and Helsinki University Central Hospital, Helsinki,
Finland. ® Research Program for Clinical and Molecular Metabolism, Faculty


https://doi.org/10.1186/s12933-019-0897-y

Palanca et al. Cardiovasc Diabetol

(2019) 18:93

of Medicine, University of Helsinki, Helsinki, Finland. ' Department of Diabe-
tes, Central Clinical School, Monash University, Melbourne, VIC, Australia.

Received: 30 April 2019 Accepted: 12 July 2019
Published online: 19 July 2019

References

1.

Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease
associated with diabetes in men and women: meta-analysis of 37 pro-
spective cohort studies. BMJ. 2006;332:73-8.

Haffner SM, Lehto S, Rdnnemaa T, Pyoréld K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondia-
betic subjects with and without prior myocardial infarction. N Engl J Med.
1998,339:229-34.

Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, Foster
E, Hlatky MA, Hodgson JM, Kushner FG, Lauer MS, Shaw LJ, Smith SC Jr,
Taylor AJ, Weintraub WS, Wenger NK, Jacobs AK, Smith SC Jr, Anderson
JL, Albert N, Buller CE, Creager MA, Ettinger SM, Guyton RA, Halperin JL,
Hochman JS, Kushner FG, Nishimura R, Ohman EM, Page RL, Stevenson
WG, Tarkington LG, Yancy CW, American College of Cardiology Founda-
tion and American Heart Association. ACCF/AHA guideline for assess-
ment of cardiovascular risk in asymptomatic adults: a report of the Ameri-
can College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol. 2010;2010(56):e50-103.
Piepoli MF, Hoes AW, Agewall S. European Guidelines on cardiovascular
disease prevention in clinical practice. Eur Heart J. 2016;37:2291-3.

Evans JM, Wang J, Morris AD. Comparison of cardiovascular risk between
individuals with type 2 diabetes and those who had had a myocardial
infarction: cross sectional and cohort studies. BMJ. 2002;324:939-42.

Lee CD, Folsom AR, Pankow JS, Brancati FL, Atherosclerosis Risk in Com-
munities (ARIC) Study Investigators. Cardiovascular events in diabetic
and nondiabetic adults with or without history of myocardial infarction.
Circulation. 2004;109:855-60.

Malik S, Budoff MJ, Katz R, Blumenthal RS, Bertoni AG, Nasir K, Szklo M,
Barr RG, Wong ND. Impact of subclinical atherosclerosis on cardiovascular
disease events in individuals with metabolic syndrome and diabetes: the
multi-ethnic study of atherosclerosis. Diabetes Care. 2011;34:2285-90.
Bulugahapitiya U, Siyambalapitiya S, Sithole J, Idris I. Is diabetes a coro-
nary risk equivalent? Systematic review and meta-analysis. Diabet Med.
2009;26:142-8.

Budoff MJ, Raggi P, Beller GA, Berman DS, Druz RS, Malik S, Rigolin VH,
Weigold WG, Soman P, Imaging Council of the American College of
Cardiology. Noninvasive cardiovascular risk assessment of the asympto-
matic diabetic patient: the Imaging Council of the American College of
Cardiology. JACC Cardiovasc Imaging. 2016;9:176-92.

Ferndndez-Friera L, Pefalvo JL, Ferndndez-Ortiz A, Ibanez B, Lopez-Melgar
B, Laclaustra M, Oliva B, Mocoroa A, Mendiguren J, Martinez de Vega

V, Garcia L, Molina J, Sanchez-Gonzalez J, Guzman G, Alonso-Farto JC,
Guallar E, Civeira F, Sillesen H, Pocock S, Ordovas JM, Sanz G, Jimenez-
Borreguero LJ, Fuster V. Prevalence, vascular distribution, and multiter-
ritorial extent of subclinical atherosclerosis in a middle-aged cohort: the
PESA (progression of early subclinical atherosclerosis) study. Circulation.
2015;131:2104-13.

Inaba Y, Chen JA, Bergmann SR. Carotid plaque, compared with carotid
intima-media thickness, more accurately predicts coronary artery disease
events: a meta-analysis. Atherosclerosis. 2012;220:128-33.
Sturlaugsdottir R, Aspelund T, Bjornsdottir G, Sigurdsson S, Thorsson

B, Eiriksdottir G, Gudnason V. Prevalence and determinants of carotid
plague in the cross-sectional REFINE-Reykjavik study. BMJ Open.
2016;,6:€012457.

Belcaro G, Nicolaides AN, Ramaswami G, Cesarone MR, De Sanctis M,
Incandela L, Ferrari P, Geroulakos G, Barsotti A, Griffin M, Dhanjil S, Sabetai
M, Bucci M, Martines G. Carotid and femoral ultrasound morphology
screening and cardiovascular events in low risk subjects: a 10-year follow-
up study (the CAFES-CAVE study). Atherosclerosis. 2001;156:379-87.
Laclaustra M, Casasnovas JA, Fernandez-Ortiz A, Fuster V, Ledn Latre

M, Jiménez-Borreguero LJ, Pocovi M, Hurtado-Roca Y, Ordovas JM,
Jarauta E, Guallar E, Ibanez B, Civeira F. Femoral and carotid subclinical

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 9

atherosclerosis association with risk factors and coronary calcium: the
AWHS Study. J Am Coll Cardiol. 2016;,67:1263-74.

. Matsushita K, Coresh J, Sang Y, Chalmers J, Fox C, Guallar E, Jafar T, Jassal

SK, Landman GW, Muntner P, Roderick P. Estimated glomerular filtration
rate and albuminuria for prediction of cardiovascular outcomes: a col-
laborative meta-analysis of individual participant data. Lancet Diabetes
Endocrinol. 2014;3:514-25.

. Jansson FJ, Forsblom C, Harjutsalo V, Thorn LM, Wadén J, Elonen N, Ahola

AJ, Saraheimo M, Groop PH, FinnDiane Study Group. Regression of
albuminuria and its association with incident cardiovascular outcomes
and mortality in type 1 diabetes: the FinnDiane Study. Diabetologia.
2018;61:1203-11.

. Palanca A, Castelblanco E, Perpiidn H, Betriu A, Soldevila B, Valdivielso JM,

Bermudez M, Duran X, Ferndndez E, Puig-Domingo M, Groop PH, Alonso
N, Mauricio D. Prevalence and progression of subclinical atherosclerosis
in individuals with 2 chronic kidney disease and diabetes. Atherosclerosis.
2018;276:50-7.

. Betriu A, Martinez-Alonso M, Arcidiacono MV, Cannata-Andia J, Pascual

J, Valdivielso JM, Fernédndez E, Investigators from the NEFRONA Study.
Prevalence of subclinical atheromatosis and associated risk factors in
chronic kidney disease: the NEFRONA study. Nephrol Dial Transplant.
2014;29:1415-22.

. Gracia M, Betriu A, Martinez-Alonso M, Arroyo D, Abajo M, Fernandez E,

Valdivielso JM, NEFRONA Investigators. Predictors of subclinical athero-
matosis progression over 2 years in individuals with different stages of
CKD. Clin J Am Soc Nephrol. 2016;11:287-96.

Valdivielso JM, Betriu A, Martinez-Alonso M, Arroyo D, Bermudez-Lopez
M, Fernandez E, NEFRONA Investigators. Factors predicting cardiovas-
cular events in chronic kidney disease individuals. Role of subclinical
atheromatosis extent assessed by vascular ultrasound. PLoS ONE.
2017;12:e0186665.

Junyent M, Martinez M, Borras M, Coll B, Valdivielso JM, Vidal T, Sarré F,
Roig J, Craver L, Ferndndez E. Predicting cardiovascular disease morbidity
and mortality in chronic kidney disease in Spain. The rationale and design
of NEFRONA: a prospective, multicenter, observational cohort study. BMC
Nephrol. 2010;11:14.

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS,
Rembold CM, Post WS. American Society of Echocardiography Carotid
Intima-Media Thickness Task Force: a consensus statement from the
American Society of Echocardiography Carotid Intima-Media Thickness
Task Force. J Am Soc Echocardiogr. 2008;21:93-111.

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Desvarieux M,
Ebrahim S, Fatar M, Hernandez R, Kownator S, Prati P, Rundek T, Taylor A,
Bornstein N, Csiba L, Vicaut E, Woo KS, Zannad F. Mannheim intima-media
thickness consensus. Cerebrovasc Dis. 2004;18:346-9.

Schwarz G. Estimating the dimension of a model. Ann Statist.
1978,6:461-4.

Roberts WC, Potkin BN, Solus DE, Reddy SG. Mode of death, frequency

of healed and acute myocardial infarction, number of major epicardial
coronary arteries severely narrowed by atherosclerotic plague, and heart
weight in fatal atherosclerotic coronary artery disease: analysis of 889
individuals studied at necropsy. J Am Coll Cardiol. 1990;15:196-203.
NambiV, Chambless L, Folsom AR, He M, HuY, Mosley T, Volcik K, Boer-
winkle E, Ballantyne CM. Carotid intima-media thickness and presence or
absence of plaque improves prediction of coronary heart disease risk:
the ARIC (Atherosclerosis Risk In Communities) study. J Am Coll Cardiol.
2010;55:1600-7.

Zhao'Y, Evans MA, Allison MA, Bertoni AG, Budoff MJ, Criqui MH, Malik

S, Ouyang P, Polak JF, Wong ND. Multisite atherosclerosis in subjects

with metabolic syndrome and diabetes and relation to cardiovascu-

lar events: the multi-ethnic study of atherosclerosis. Atherosclerosis.
2019;1(282):202-9.

Lopez-Melgar B, Ferndndez-Friera L, Oliva B, Garcia-Ruiz JM, Pefalvo

JL, Gémez-Talavera S, Sdnchez-Gonzélez J, Mendiguren JM, Ibafez B,
Ferndndez-Ortiz A, Sanz J, Fuster V. Subclinical atherosclerosis bur-

den by 3D ultrasound in mid-life: the PESA study. J Am Coll Cardiol.
2017;70:301-13.

Tison GH, Guo M, Blaha MJ, McClelland RL, Allison MA, Szklo M, Wong ND,
Blumenthal RS, Budoff MJ, Nasir K. Multisite extracoronary calcification
indicates increased risk of coronary heart disease and all-cause mortality:



Palanca et al. Cardiovasc Diabetol

30.

31.

32.

33

34

35.

36.

37.

38.

39.

40.

41.

(2019) 18:93

the Multiethnic Study of Atherosclerosis. J Cardiovasc Comput Tomogr.
2015;9:406-14.

Gibson AQ, Blaha MJ, Arnan MK, Sacco RL, Szklo M, Herrington DM,
Yeboah J. Coronary artery calcium and incident cerebrovascular events in
an asymptomatic cohort. The MESA Study. JACC Cardiovasc Imaging.
2014;7:1108-15.

Hollander M, Bots ML, Del Sol Al, Koudstaal PJ, Witteman JC, Grobbee DE,
Hofman A, Breteler MM. Carotid plaques increase the risk of stroke and
subtypes of cerebral infarction in asymptomatic elderly: the Rotterdam
study. Circulation. 2002;24:2872-7.

Lamina C, Meisinger C, Heid IM, Léwel H, Rantner B, Koenig W, Kronen-
berg F, Kora Study Group. Association of ankle-brachial index and plaques
in the carotid and femoral arteries with cardiovascular events and total
mortality in a population-based study with 13 years of follow-up. Eur
Heart J. 2006;27:2580-7.

Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E, Wilsgaard T, Lechen
ML, Njelstad I, Arnesen E. Carotid atherosclerosis is a stronger predic-

tor of myocardial infarction in women than in men: a 6-year follow-up
study of 6226 persons: the Tromsg Study. Stroke. 2007;38:2873-80.
Mathiesen EB, Johnsen SH, Wilsgaard T, Benaa KH, Lachen ML, Njglstad

. Carotid plaque area and intima-media thickness in prediction of first-
ever ischemic stroke: a 10-year follow-up of 6584 men and women: the
Tromse Study. Stroke. 2011;42:972-8.

Hirata T, Arai Y, Takayama M, Abe Y, Ohkuma K, Takebayashi T.

Carotid plaque score and risk of cardiovascular mortality in the oldest old:
results from the TOOTH study. J Atheroscler Thromb. 2018;25:55-64.
Maeda S, Sawayama'Y, Furusyo N, Shigematsu M, Hayashi J. The associa-
tion between fatal vascular events and risk factors for carotid athero-
sclerosis in individuals on maintenance hemodialysis: plaque number of
dialytic atherosclerosis study. Atherosclerosis. 2009,204:549-55.

Li MF, Zhao CC, LiTT, Tu YF, Lu JX, Zhang R, Chen MY, Bao YQ, Li LX, Jia

WP. The coexistence of carotid and lower extremity atherosclerosis fur-
ther increases cardio-cerebrovascular risk in type 2 diabetes. Cardiovasc
Diabetol. 2016;15:43.

Arnold SV, Kosiborod M, Wang J, Fenici P, Gannedahl G, LoCasale RJ.
Burden of cardio-renal-metabolic conditions in adults with type 2 dia-
betes within the Diabetes Collaborative Registry. Diabetes Obes Metab.
2018;20:2000-3.

Booth GL, Kapral MK, Fung K, Tu JV. Relation between age and cardio-
vascular disease in men and women with diabetes compared with non-
diabetic people: a population-based retrospective cohort study. Lancet.
2006;68:29-36.

Herrmann M, Sullivan DR, Veillard AS, McCorquodale T, Straub IR, Scott R,
Laakso M, Topliss D, Jenkins AJ, Blankenberg S, Burton A, Keech AC, the
FIELD Study Investigators. Serum 25-hydroxyvitamin D: a predictor of
macrovascular and microvascular complications in individuals with type
2 diabetes. Diabetes Care. 2015;38:521-8.

Harjutsalo V, Maric-Bilkan C, Forsblom C, Groop PH. Impact of sex and age
at onset of diabetes on mortality from ischemic heart disease in individu-
als with type 1 diabetes. Diabetes Care. 2014;37:144-8.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 9 of 9

Huxley RR, Peters SA, Mishra GD, Woodward M. Risk of all-cause mortal-
ity and vascular events in women versus men with type 1 diabetes:

a systematic review and meta-analysis. Lancet Diabetes Endocrinol.
2015;3:198-206.

Regensteiner JG, Golden S, Huebschmann AG, Barrett-Connor E, Chang
AY, Chyun D, Fox CS, Kim C, Mehta N, Reckelhoff JF, Reusch JE, Rexrode
KM, Sumner AE, Welty FK, Wenger NK, Anton B, American Heart Associa-
tion Diabetes Committee of the Council on Lifestyle and Cardiometabolic
Health, Council on Epidemiology and Prevention, Council on Functional
Genomics and Translational Biology, Council on Hypertension. Sex
differences in the cardiovascular consequences of diabetes mellitus: a
scientific statement from the American Heart Association. Circulation.
2015;32:2424-47.

Juutilainen A, Kortelainen S, Lehto S, Ronnemaa T, Pyoralé K, Laakso M.
Gender difference in the impact of type 2 diabetes on coronary heart
disease risk. Diabetes Care. 2004;27:2898-904.

Roche MM, Wang PP. Sex differences in all-cause and cardiovascular
mortality, hospitalization for individuals with and without diabetes,

and individuals with diabetes diagnosed early and late. Diabetes Care.
2013;36:2582-90.

Colom C, Viladés D, Pérez-Cuellar M, Leta R, Rivas-Urbina A, Carre-

ras G, Ordénez-Llanos J, Pérez A, Sdnchez-Quesada JL. Associations
between epicardial adipose tissue, subclinical atherosclerosis and high-
density lipoprotein composition in type 1 diabetes. Cardiovasc Diabetol.
2018;17:156.

Carbonell M, Castelblanco A, Valldeperas X, Betriu A, Traveset A, Minerva
Granado-Casas M, Herndndez M, Vazquez F, Martin M, Rubinat E, Lecube
A, Franch-Nadal J, Ferndndez E, Puig-Domingo M, Avogaro A, Alonso N,
Mauricio D. Diabetic retinopathy is associated with the presence and bur-
den of subclinical carotid atherosclerosis in type 1 diabetes. Cardiovasc
Diabetol. 2018;17:66.

Maloberti A, Farina F, Carbonaro M, Piccinelli E, Bassi |, Pansera F, Grassi G,
Mancia G, Palestini P, Giannattasio C. In healthy normotensive sub-

jects age and blood pressure better predict subclinical vascular and
cardiac organ damage than atherosclerosis biomarkers. Blood Press.
2018;27:262-70.

van den Oord SC, Kate GL, Sijbrands EJ, van der Steen AF, Schinkel AF.
Effect of carotid plaque screening using contrast enhanced ultrasound
on cardiovascular risk stratification. Am J Cardiol. 2013;111:754-9.
Upchurch CT, Barrett EJ. Clinical review: screening for coronary artery
disease in type 2 diabetes. J Clin Endocrinol Metab. 2012;97:1434-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




