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Background and aims: Cardiovascular disease is the leading cause of morbidity and mortality in patients
with chronic kidney disease (CKD) and diabetes. Traditional cardiovascular risk factors fail to fully account for the increase in cardiovascular risk in these patients. This study aims to analyse the prevalence
and progression of subclinical atherosclerosis in CKD patients with and without diabetes.
Methods: We included data from CKD patients with and without diabetes free from previous cardiovascular events from the NEFRONA cohort. Patients underwent baseline and 24-month follow-up carotid
and femoral ultrasound examinations. Multivariable models were used to assess the contribution of
diabetes to the presence and plaque progression.
Results: A total of 419 patients with diabetes and 1129 without diabetes were included. Diabetic patients
were older, had higher BMIs, more hypertension and dyslipidaemia. At baseline, the proportion of patients with plaque was higher among diabetic patients (81.4% vs. 64.1%, p < 0.001). Diabetic patients more
frequently had more than two vascular territories with plaque (64.4% vs. 48.4%, p < 0.001). Multivariable
analysis indicated that plaque at baseline was signiﬁcantly associated with age, gender, smoking and
renal replacement therapy (RRT) in the non-diabetic patients, but only with age and male gender in
diabetic patients. Plaque progression was signiﬁcantly associated with age, number of territories with
basal plaque, smoking and RRT in both groups.
Conclusions: Subclinical atherosclerosis is more prevalent, carries a higher plaque burden and is more
rapidly progressive in renal patients with diabetes. In these patients, diabetes outweighs other described
risk factors associated with the presence of subclinical atherosclerosis.
© 2018 Elsevier B.V. All rights reserved.
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1. Introduction
Cardiovascular disease (CVD) is the leading cause of morbidity
and mortality in patients with chronic kidney disease (CKD) and in
patients with diabetes mellitus (DM) [1,2]. Both conditions are
considered to confer high or very high CVD risk in major guidelines
[3]. Commonly used CVD risk scores and prediction models
perform poorly in CKD [4] and in patients with diabetes [5]. Additionally, in patients with type 2 diabetes, impaired renal function
and albuminuria are independently associated with the incidence
of CV events [6e10]. Several studies have reported an increase in
the incidence and severity of coronary heart disease as glomerular
ﬁltration rate (GFR) declines [11e13]. CKD is estimated to affect 50%
of patients with diabetes globally, and its presence and severity
inﬂuences disease prognosis [14]. A large prospective study of over
4000 individuals with type 1 diabetes in Finland found independent associations between the presence and severity of kidney
disease and cardiovascular mortality [15].
The natural history of atheromatous disease involves a prolonged silent phase, and disease is often not detected until
advanced stages, usually following a CV event. Patients with diabetes present a higher prevalence of carotid plaques and more
advanced preclinical carotid atherosclerosis than non-diabetic
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subjects, even after controlling for traditional CV risk factors [16].
The detection of subclinical atherosclerosis through non-invasive
methods, such as arterial ultrasonography, has been demonstrated to be useful for the prediction of future CV events [17e19].
Recent data showed that the presence of carotid plaques and
their volume or total area shows higher accuracy for predicting CV
events than carotid intima media thickness (cIMT) [20,21].
Furthermore, different studies have demonstrated the value of
evaluating subclinical atherosclerosis in multiple territories for CV
event prediction [22e25].
The National Observatory of Atherosclerosis in Nephrology
(NEFRONA) study is a large, multicentre, prospective, observational
study that evaluated atheromatous disease in the carotid and
femoral territories in a large cohort of Spanish patients with CKD
without previous CVD [26,27]. Recently, the NEFRONA study
demonstrated that patients in the early and late stages of kidney
disease show a higher prevalence of plaques [28e30]. Fewer data
exist on the prevalence of subclinical atherosclerosis in patients
with CKD and diabetes. We hypothesized that DM involves an
additional CVD burden in patients with CKD. Therefore, the aim of
our study was to analyse the prevalence and progression of subclinical atheromatous disease in CKD patients with and without DM
in this cohort.

Table 1
Clinical and anthropometrical characteristics of the baseline population.
CKD without diabetes

Gender (male)
Age (years)
Race (white/other)
Smoking habit
Hypertension
Dyslipidaemia
CKD stages:
Stage 3
Stage 4e5
RRT
CKD etiology:
Diabetic nephropathy
Vascular nephropathy
Other
Glomerular ﬁltration rate (ml/min)
Creatinine (mg/dL)
Urea (mg/g)
Body Mass Index (kg/m2)
Waist/hip ratio (cm)
Uric acid (mg/dL)
ALT (U/L)
AST (U/L)
hs C-reactive protein (mg/L)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Non-HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
Glucose (mg/dL)
HbA1c (%)
Albumin/creatinine ratio (mg/g)
Corrected calcium (mg/dL)
Phosphate (mg/dL)
25-Hydroxy vitamin D (pg/mL)
Antihypertensive treatment
Statin treatment
Phosphate binder treatment
Antiplatelet drug treatment

CKD with diabetes

N ¼ 1129

N ¼ 419

677 (60.0%)
60.0 [49.0; 67.0]
1095 (97.0%)
620 (54.9%)
1051 (93.1%)
733 (64.9%)

277 (66.1%)
65.0 [57.5; 70.0]
409 (97.6%)
244 (58.2%)
410 (97.9%)
329 (78.5%)

501 (44.4%)
411 (36.4%)
217 (19.2%)

204 (48.7%)
166 (39.6%)
49 (11.7%)

0 (0%)
260 (23.0%)
869 (77.0%)
31.8 [21.4; 44.1]
2.04 [1.54; 2.90]
89.7 [62.0; 124]
27.6 [24.7; 31.0]
96.0 [89.0; 105]
6.67 [5.60; 7.80]
18.0 [14.0; 25.1]
19.9 [16.0; 24.0]
1.79 [0.90; 3.92]
139 [127; 154]
82.0 [75.0; 89.0]
56.0 [47.0; 68.0]
180 [156; 207]
48.0 [40.0; 59.0]
105 [84.0; 125]
129 [108; 154]
118 [89.0; 162]
94.0 [86.0; 102]
5.50 [5.10; 5.80]
83.5 [12.0; 377]
9.20 [8.86; 9.52]
3.70 [3.27; 4.40]
15.6 [11.9; 20.1]
1006 (89.1%)
660 (58.5%)
339 (30.0%)
201 (17.8%)

199 (47.5%)
74 (17.7%)
146 (34.8%)
33.4 [22.4; 45.8]
1.99 [1.55; 2.76]
88.0 [60.0; 120]
30.0 [26.6; 33.7]
103 [94.0; 111]
6.70 [5.80; 7.80]
19.9 [15.0; 27.2]
20.0 [17.0; 26.0]
2.30 [1.00; 5.40]
146 [131; 162]
79.0 [71.0; 87.0]
68.0 [55.0; 80.0]
173 [146; 198]
43.6 [36.0; 53.0]
93.0 [73.8; 114]
122 [102; 148]
141 [102; 205]
133 [111; 162]
6.70 [6.15; 7.75]
138 [15.5; 471]
9.31 [8.98; 9.68]
3.80 [3.30; 4.30]
14.1 [10.5; 18.9]
399 (95.2%)
269 (64.2%)
95 (22.7%)
209 (49.9%)

p-value

0.032
<0.001
0.628
0.267
<0.001
<0.001
0.002

<0.001

0.228
0.28
0.251
<0.001
<0.001
0.306
0.001
0.052
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.007
<0.001
<0.001
<0.001
0.036
<0.001
0.695
<0.001
<0.001
0.047
0.005
<0.001

CDK, chronic kidney disease; RRT, renal replacement therapy, ALT, alanine transaminase; AST, aspartate transaminase; HDL, high density lipoprotein; LDL, low density
lipoprotein.

204 (73.6%)
57 (20.6%)
185 (66.8%)
38 (13.7%)
147 (53.1%)
242 (87.4%)
196 (70.8%)
(56.3%)
(15.1%)
(56%)
(14.8%)
(41.2%)
(71.0%)
(55.7%)
0.001
0.042
0.128
0.804
0.05
0.001
0.003
(59.9%)
(27.5%)
(42.3%)
(9.86%)
(32.4%)
(69.7%)
(52.1%)
85
39
60
14
46
99
74
<0.001
0.006
<0.001
0.712
<0.001
<0.001
<0.001
289 (69.0%)
96 (22.9%)
245 (58.5%)
52 (12.4%)
193 (46.1%)
341 (81.4%)
270 (64.4%)
(50.8%)
(16.7%)
(47.5%)
(13.3%)
(34.2%)
(64.1%)
(48.4%)
574
188
536
150
386
724
547

p-value from Pearson's chi-square test for comparison of qualitative variables.

B-mode ultrasound of carotid and femoral vascular sites was
performed using the Vivid BT09 apparatus (General Electric)
equipped with a 6e13 MHz broadband linear array probe as previously described [26]. The analysis of the presence of plaques was
performed in ten vascular territories: internal, bulb and common
carotid, and common and superﬁcial femoral arteries by a single
reader in a blinded fashion using the semi-automatic EchoPAC
Dimension software (General Electric Healthcare). The presence of
plaques was identiﬁed using B-mode and colour Doppler examinations and was deﬁned as intima media thickness (cIMT) > 1.5 mm
protruding into the lumen, according to the ASE Consensus Statement [31] and the Mannheim CIMT Consensus [32].

a

2.4. Evaluation of AD: ultrasound imaging

NEFRONA cohort

A patient was included in the DM group when one of the
following criteria was met: (1) a diagnosis of DM was previously
established and recorded in the patient's records, (2) fasting plasma
glucose  126 mg/dl or HbA1c  6.5% identiﬁed by laboratory
testing, or (3) the patient had a current prescription of any antidiabetic medication.

Table 2
Baseline plaque characteristics of the whole NEFRONA cohort.

2.3. Diagnosis of diabetes mellitus (DM)

Carotid plaque with or without femoral plaque
Carotid plaque without femoral plaque
Femoral plaque with or without carotid plaque
Femoral plaque without carotid plaque
Carotid and femoral plaque
Carotid or femoral plaque
>2 Territories with plaque

Diabetes N ¼ 419

p-value

a

Information regarding medical history, cardiovascular risk factors,
hypertension, dyslipidaemia, diabetes and medication was collected
at baseline. Dyslipidaemia was deﬁned as a recorded clinical diagnosis
or current use of lipid-lowering drugs. The physical examination
included anthropometric measures (height, weight, waist-hip ratio
(WHR)) and standard vital tests as previously described [26].
Biochemical data were obtained from a routine fasting blood test. The
glomerular ﬁltration rate (GFR) was estimated using the Modiﬁcation
of Diet in Renal Disease Study (MDRD-4) formula.

193 (42.7%)
86 (19%)
157 (34.7%)
50 (11.1%)
107 (23.7%)
243 (53.8%)
170 (37.6%)

Women

2.2. Clinical data and laboratory examinations

Non-diabetes N ¼ 452

Diabetes N ¼ 142

p-value

a

Men

The design, methods, and baseline characteristics of the
NEFRONA study have been published in detail elsewhere [26,27]. In
brief, the NEFRONA study is a multicentre, prospective observational study designed to evaluate the subclinical atherosclerotic
burden and the predictive value of carotid/femoral plaques in patients with CKD in Spain (stages 3e5). Exclusion criteria for both
groups included: active infections, pregnancy, life expectancy lower
than 12 months, history of clinical cardiovascular events, carotid
artery surgery or any organ transplantation [28].
A total of 2445 CKD patients, 937 at CKD stage 3, 820 at CKD
stage 4e5 and 688 on renal replacement therapy (RRT), all of them
without previous cardiovascular disease at baseline were recruited
from 81 Spanish hospitals between October 2010 and June 2012. A
scheduled follow-up visit was arranged for 24 months after the
baseline appointment. The present study was restricted to patients
who attended both baseline and 24-month follow-up visits. Of the
original NEFRONA study cohort, 893 subjects were excluded from
the 24-month analysis due to death (46), cardiovascular event (80),
receipt of renal allograft within the follow-up period (364), or
second visit non-attendance (403). Another four patients were
excluded because they had atheromatous plaques in all ten arterial
territories at baseline. Overall, 1548 patients were included in the
plaque progression analysis at 24 months. The study protocol was
approved by the Ethics Committee of each hospital, and patients
were included after signing informed consent.

Non-diabetes N ¼ 677

Diabetes N ¼ 277

2.1. Design and study population

381
102
379
100
279
481
377

p-valuea

2. Materials and methods

<0.001
0.048
0.003
0.75
0.001
<0.001
<0.001
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Non-diabetes N ¼ 1129
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2.5. Evaluation of progression of atheromatous disease
Progression of atheromatous disease over 24 months was
deﬁned as an increase in the number of territories with plaque(s)
compared to the baseline examination, as previously used in the
MESA study [33].
2.6. Statistical analysis
Data are expressed as the means and standard deviations, medians and interquartile ranges, and absolute and relative frequencies
as required. Patient characteristics were compared between nondiabetic patients and diabetic patients using Pearson's chi-square
or Mann-Whitney U tests. The relationships between the presence
of basal plaques and atherosclerosis progression at 24 months with
potential risk factors were analysed using the Pearson chi-square test
for qualitative variables and the Mann-Whitney U test for quantitative variables. To assess the contribution of diabetes to the risk of
having plaques and atherosclerosis progression, we ﬁtted multivariable logistic regression models. Additional independent variables
were included following a forward step procedure by means of
likelihood ratio tests. Variables showing no statistical signiﬁcance
but changing any signiﬁcant parameter by >10% were considered
confounders and were included in the model. To design the models
of atheromatous disease (AD) progression, the variables entered
were: gender, age in years (quadratic), race, smoking, dyslipidaemia,
CKD stage, diabetes (only for whole population), body mass index
(BMI), diastolic BP, pulse pressure, triglycerides, potassium, 25hydroxy vitamin D, C-reactive protein and number of territories
with plaque(s) at baseline. Only signiﬁcant variables in multivariate
analysis in each group were included in the ﬁnal model. To design
the models of plaque presence, the variables entered were: gender,
age in years (quadratic), race, smoking, hypertension, dyslipidaemia,
CKD stage, diabetes (only for whole population), haemoglobin, uric
acid, body BMI, diastolic BP, pulse pressure, HDL-cholesterol, LDLcholesterol, triglycerides, 25-hydroxy vitamin D, C-reactive protein,
ALT, AST and ankle-brachial index. All tests were two-tailed at a
statistical signiﬁcance level of 0.05. The statistical analysis was carried out with R.
3. Results
3.1. Baseline patient characteristics
We included a total of 1548 patients, 419 with and 1129 without
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diabetes, for whom baseline and 24-month follow-up analysis were
available. The baseline characteristics of the participants are shown
in Table 1. Compared to non-diabetic patients, patients with diabetes were older and had higher BMI, WHR, triglycerides and
serum hsCRP concentrations. However, diabetic patients had lower
HDL and LDL cholesterol concentrations. A higher proportion of
patients with hypertension or dyslipidaemia were observed in
diabetic patients compared with non-diabetic patients. Up to 97.9%
of patients with DM had hypertension and were on antihypertensive medication (95.2%) and/or antiplatelet agents (49.9%). Nondiabetic subjects were more frequently taking phosphate binders.
Almost 19.2% of the non-diabetic patients were on renal replacement therapy (RRT) versus 11.7% of those with DM. Among the
patients with diabetes, the foremost attributable causes of renal
impairment were diabetic nephropathy (in 199 subjects, 47.5%) and
vascular nephropathy (in 74 subjects, 17.7%).

3.2. Baseline carotid and femoral atherosclerosis
At baseline, the frequency of carotid plaques in any carotid
territory (with or without the presence of femoral plaques) was
signiﬁcantly higher among patients with DM compared with patients without DM (69% vs. 50.8%, p < 0.001) (Table 2). The number
of subjects with carotid plaques but without femoral plaques was
also higher in the DM group (22.9% vs. 16.7%, p ¼ 0.006). Furthermore, the frequency of femoral plaques at any site (with or without
the presence of carotid plaques) was signiﬁcantly higher in DM
patients (58.5% vs. 47.5%, p < 0.001). However, no signiﬁcant differences were found in the percentage of patients with femoral
plaques but without carotid plaques. The proportion of patients
with atherosclerotic plaques in both sites, carotid and femoral, was
also higher in DM patients (46.1% vs. 34.2%, p < 0.001). The prevalence of patients presenting plaques at either the carotid or the
femoral site was signiﬁcantly higher among patients with DM
(81.4% vs. 64.1%, p < 0.001). The percentage of diabetic subjects with
more than two vascular territories with plaque was also greater
(64.4% vs. 48.4%, p < 0.001).
Among men, carotid and femoral plaques were more common in
those with DM than in those without DM (73.6% vs. 56.3%,
p < 0.001; 66.8% vs. 56%, p ¼ 0.003, respectively). Men with DM
were more likely to present plaque at any vascular site (87.4% vs.
71%, p < 0.001). Similarly, plaques in more than two arterial territories were more common among men with DM (70.8% vs. 55.7%,
p < 0.001) (Table 2).
Among women, the prevalence of carotid plaques was higher in

Table 3
Multivariate logistic regression model for the presence of plaque in the whole NEFRONA cohort, CKD without diabetes and CKD without diabetes.
Whole NEFRONA cohort

Intercept
Gender (male)
Age
Age2
Smoking habit
Log vitamin D
ABI (normal)
ABI (calciﬁed)
Diabetes
Group CKD 4e5
Group RRT
Age: gender

CKD without diabetes

Estimate (SE)

OR (95% CI)

7.608 (1.663)
0.909 (0.737)
0.246 (0.057)
0.002 (0.000)
0.666 (0.155)
0.573 (0.167)
0.318 (0.209)
0.460 (0.338)
0.572 (0.169)
0.114 (0.150)
0.930 (0.216)
0.029 (0.013)

na
---1.95
0.56
0.73
1.58
1.77
1.12
2.54
--

(1.44,
(0.41,
(0.48,
(0.82,
(1.28,
(0.84,
(1.67,

a

2.64)
0.78)
1.09)
3.11)
2.48)
1.51)
3.90)

CKD with diabetes
p-value

Estimate (SE)

OR (95% CI)a

p-value

2.76)
0.84)
1.05)
4.64)

0.001
0.017
0.001
0.015
0.001
0.004
0.08
0.114

7.278 (3.459)
1.054 (0.324)
0.248 (0.122)
0.001 (0.001)
0.589 (0.330)
0.692 (0.044)

na
2.87 (1.53, 5.47)
--1.80 (0.95, 3.46)
0.50 (0.25, 0.98)

0.035
0.001
0.042
0.21
0.074
0.044

1.26 (0.90, 1.76)
2.67 (1.70, 4.27)
--

0.184
0.001
0.001

p-value

Estimate (SE)

OR (95% CI)

0.001
0.218
<0.001
0.004
0.001
0.001
0.128
0.174
0.001
0.446
0.001
0.024

6.910 (1.812)
1.982 (0.830)
0.230 (0.064)
0.001 (0.001)
0.674 (0.174)
0.554 (0.193)
0.428 (0.245)
0.675 (0.427)

na
---1.96
0.58
0.65
1.96

0.228 (0.172)
0.982 (0.235)
0.047 (0.014)

(1.40,
(0.39,
(0.40,
(0.87,

a

na, not applicable. RRT, renal replacement therapy. ABI, ankle brachial index.
a
The odds ratios (OR) are shown for all variables except those involved in interactions. To better interpret the effect of the variables involved in interactions, see
Supplementary ﬁgure 1.

244 (88.1%)
31 (11.2%)
231 (83.4%)
18 (6.50%)
213 (76.9%)
262 (94.6%)
246 (88.8%)
<0.001
0.393
0.098
0.071
0.003
0.006
<0.001
107 (75.4%)
31 (21.8%)
87 (61.3%)
11 (7.75%)
76 (53.5%)
118 (83.1%)
101 (71.1%)
258 (57.1%)
82 (18.1%)
239 (52.9%)
63 (13.9%)
176 (38.9%)
321 (71.0%)
245 (54.2%)
a

p-value from Pearson's chi-square test for comparison of qualitative variables.

<0.001
0.493
<0.001
<0.010
<0.001
<0.001
<0.001
351 (83.8%)
63 (14.8%)
318 (79.0%)
29 (6.92%)
289 (69.0%)
380 (90.7%)
347 (82.8%)
(63.1%)
(13.3%)
(65.0%)
(15.2%)
(49.8%)
(78.3%)
(65.0%)
712
150
734
172
562
884
734

Diabetes N ¼ 419

p-value

a

Carotid plaque
Carotid plaque without femoral plaque
Femoral plaque
Femoral plaque without carotid plaque
Carotid and femoral plaque
Carotid or femoral plaque
>2 Territories with plaque

In the logistic regression models of the whole population, plaque progression at 24 months was strongly and positively associated with the number of territories with plaque(s) at baseline, age,
smoking, RRT and DM (Supplementary table 3). We found a statistically signiﬁcant interaction between the number of territories
with plaque at baseline and age (Table 5). We observed that the
progression of atherosclerosic disease over time depends on the
number of territories affected at baseline. Thus, the higher the
number of territories affected at the beginning of the study, the
lower the probability of progression of the atherosclerotic plaque at
follow-up (lower potential number of newly affected territories).
On the contrary, having a low number of affected territories at
baseline is associated with a higher risk of atherosclerosis progression (higher potential number of new territories affected that
were initially free of plaques) (Supplementary ﬁgure 2). Among
patients without DM, progression of atheromatous disease was
associated with age, number of territories with plaque at baseline,

Whole NEFRONA cohort

3.5. Factors associated with progression of atheromatous disease at
24 months

Table 4
Characteristics of plaque at 24 months of the whole NEFRONA cohort and patients by sex.

Following a 24 month-period, carotid plaques were found in
63.1% of non-diabetic patients and in 83.8% of patients with DM
(p < 0.001). Femoral plaques were described in 65% of non-diabetic
patients versus 79% of patients with DM (p < 0.001). Along with
these ﬁndings, presence of plaque in both vascular territories, carotid and femoral, was found in 49.8% of patients without DM
compared to a 69% among patients with DM (p < 0.001). Finally, the
proportion of patients with femoral plaque(s) without carotid
plaque was higher in diabetic patients compared with non-diabetic
patients. However, no differences were observed in the proportion
of patients with carotid plaque(s) without femoral plaque between
patients with or without diabetes. This ﬁnding was conﬁrmed for
both women and men (Table 4). A greater proportion of plaque
progression was found in the common femoral artery and carotid
bulb territories (Supplementary table 2).

Women

3.4. Progression of atheromatous disease at 24 months

Non-diabetes N ¼ 452

Diabetes N ¼ 142

p-value

a

Men

In the multivariable analysis of the whole population presence
of plaques was signiﬁcantly associated with age, smoking, receiving
RRT and DM (Supplementary table 1). There was an interaction
between age and gender, being a higher risk of plaque presence at
older ages, increasing faster for men (Supplementary ﬁgure 1).
Among non-diabetic patients, plaque was associated with age,
gender, smoking and receiving RRT. Similar to the model for all
population, the risk of plaque increased with aging, and was faster
in men than in women. In patients with DM, age and gender were
positively associated with presence of plaques, and an increased
risk with aging, lessened at older ages, was also observed. Additionally, 25-OH vitamin D serum concentrations were inversely
associated with the presence of plaque in both CKD patients with
and without diabetes (OR 0.50, p ¼ 0.044; OR 0.58, p ¼ 0.004,
respectively) (Table 3).

454 (67.1%)
68 (10.0%)
495 (73.1%)
109 (16.1%)
386 (57.0%)
563 (83.2%)
489 (72.2%)

3.3. Factors associated with the presence of plaques at baseline

Non- diabetes N ¼ 677

Diabetes N ¼ 277

p-valuea

DM patients (59.9% vs. 42.7%, p ¼ 0.001) compared with non-diabetic patients. However, no differences in the frequency of femoral
plaque were found between groups. Women with diabetes presented more frequently with a plaque at any vascular site (69.7% vs.
53.8%, p ¼ 0.001) and plaques in more than two territories (52.1% vs.
37.6%, p ¼ 0.003) than women without diabetes. Interestingly, they
presented a similar prevalence of plaque as men without diabetes
(69.7% vs. 71%) (Table 2).

<0.001
0.682
<0.001
<0.001
<0.001
<0.001
<0.001
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Non-diabetes N ¼ 1129

54
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Table 5
Multivariate logistic regression model for the progression of plaque at 24 months in the whole NEFRONA cohort, CKD without diabetes and CKD with diabetes.
Whole NEFRONA cohort

Intercept
Age
Territories with basal plaque
Smoker
Group CKD 4e5
Group RRT
Diastolic blood pressure
Log pulse pressure
Diabetes
Age: territories with basal plaque

CKD without diabetes

Estimate (SE)

OR (95% CI)a

p-value Estimate (SE)

6.340 (0.978)
0.071 (0.007)
0.967 (0.182)
0.514 (0.119)
0.115 (0.125)
0.712 (0.173)
0.005 (0.005)
0.425 (0.220)
0.587 (0.139)
0.016 (0.003)

na
--1.67
1.12
2.04
1.01
1.53
1.80
--

0.001
0.001
0.001
0.001
0.358
0.001
0.372
0.054
0.001
0.001

(1.33,
(0.88,
(1.46,
(0.99,
(0.99,
(1.37,

2.11)
1.43)
2.87)
1.02)
2.36)
2.37)

6.604 (1.116)
0.066 (0.008)
0.932 (0.210)
0.496 (0.135)
0.146 (0.144)
0.670 (0.188)
0.005 (0.006)
0.547 (0.256)

CKD with diabetes

OR (95% CI)a

p-value Estimate (SE)

na
--1.64
1.16
1.95
1.01
1.73

0.001
0.001
0.001
0.001
0.314
0.001
0.401
0.032

4.669 (0.963)
0.088 (0.016)
1.145 (0.387)
0.583 (0.250)
0.041 (0.249)
0.921 (0.448)

0.001

0.018 (0.006) - -

0.015 (0.003) - -

(1.26,
(0.87,
(1.36,
(0.99,
(1.05,

2.14)
1.54)
2.84)
1.02)
2.86)

OR (95% CI)a

p-value

na
0.001
-0.001
-0.003
1.79 (1.10, 2.94) 0.02
1.04 (0.64, 1.70) 0.87
2.51 (1.09, 6.41) 0.04

0.002

na, not applicable. CKD, chronic kidney disease; RRT, renal replacement therapy.
a
The odds ratios (OR) are shown for all variables except those involved in interactions. To better interpret the effect of the variables involved in interactions, see
Supplementary ﬁgure 2.

smoking, pulse pressure and receiving RRT. In diabetic patients,
disease progression was associated with the same variables as in
non-diabetic patients except for pulse pressure. The interaction
between the number of territories with plaque at baseline and age
was also signiﬁcant in these two models (Table 5).
4. Discussion
The present study evaluated the differences in the presence and
progression of subclinical atherosclerosis between CKD patients
with and without DM in a large cohort of subjects without previous
CV events. We found that CKD patients with DM presented a higher
frequency and burden of atherosclerotic plaques in different
vascular territories compared to non-diabetic patients. The progression of atherosclerosis was also more rapid in subjects with
DM. Additionally, we found that factors associated with the presence and progression of atheromatous disease differed between
patients with and without DM, whereas factors associated with
atheromatous disease progression were the same for CKD patients
with or without DM with the exception of pulse pressure, that did
not turn out to be a risk factor in patients with DM.
A higher frequency of carotid plaques has already been
described in subjects with T2D at disease onset in Spain [16]. In
CKD, there is also an increased prevalence of AD [34,35], even at
earlier stages of impaired kidney function. However, very few data
exist regarding the speciﬁc prevalence of subclinical atheromatous
disease in patients with both CKD and diabetes. Our group recently
described a two-fold higher risk of subclinical atherosclerosis in
patients with diabetic nephropathy compared with kidney disease
from other causes [36]. In the present study, we observed a substantially higher prevalence of carotid and femoral plaques in patients with CKD and DM than in their counterparts without DM,
was well as a higher burden of atheromatous disease (i.e., >2 territories with plaques).
Several studies have examined CVD at different vascular territories in general population cohorts [10,19,23,37]. Those studies
performed in middle-aged cohorts have shown that femoral arteries are the vascular territory most frequently found to have
plaques. They have also demonstrated that scanning just the carotid or just the femoral arteries predicted fewer events than
examining both territories [17,23,38]. Conversely, in our study,
plaques were substantially more common in the carotid arteries
than in the femoral arteries in patients with DM. Whereas a similar
proportion of patients with plaque at either carotid or femoral
territory was observed in patients without diabetes. Although
femoral plaques were more frequent in patients with DM, there
were no differences in femoral plaque frequency between groups in

the absence of carotid lesions. These data indicate that factors
playing a role in femoral plaque formation might be different from
those related to carotid plaque formation. Notably, these ﬁndings
were consistent also when stratiﬁed by gender.
Male gender is a well-known cardiovascular risk factor. However, previous studies have shown that women with DM do not
present the CV-protective gender effect [39,40]. In a recent crosssectional study, Catalan et al. [16] reported that women with DM
presented more advanced carotid lesions than men with DM when
compared with their respective counterparts without diabetes. In
line with these results, in our study, women with DM presented a
similar prevalence of atheromatous lesions as men without DM.
Moreover, while in women the higher differential risk associated
with diabetes remained constant independently of age, in men the
risk associated with diabetes was attenuated with increasing age
(Supplementary ﬁgure 1). All these ﬁndings support the more
deleterious effect of diabetes in women.
In general population studies, the presence of atherosclerotic
plaques either at carotid or femoral territories has been described
to be associated with traditional cardiovascular risk factors
[2,4,17,41]. In patients with DM, a study assessing atherosclerosis in
a new-onset T2D cohort free from previous CVD reported that age,
gender, HbA1c, triglycerides, HDL cholesterol and hypertension
were associated with carotid plaques [16]. However, in CKD patients, baseline data from the NEFRONA study showed that at any
given CKD stage, older age, male gender, DM and smoking were
independently associated with the presence of plaque [35]. Our
study found that in CKD patients without DM, the presence of
plaque was signiﬁcantly associated with age, male gender, smoking
and dialysis, whereas among patients with both CKD and DM, only
age and male gender were independent factors for the presence of
plaques. This ﬁnding suggests that DM is a potent risk condition for
atheromatous disease that outweighs predominant CV risk factors
such as smoking and dialysis. On the other hand, our data also
suggest that vitamin D may protect against atheromatous disease in
CKD patients as it has already been reported in previous data from
the NEFRONA cohort [30].
Concerning risk factors associated with the progression of
atherosclerosis, age, smoking, total cholesterol and systolic blood
pressure have been described to predict the progression of extracoronary atherosclerosis in elderly patients [42], middle-age subjects [3] and the general population [43]. Very few studies have
evaluated the progression of atherosclerosis in CKD patients.
Presence and number of plaques at baseline is among the factors
described to be associated with progression of atherosclerosis, both
in the NEFRONA cohort as well as in patients with end-stage renal
disease [19,30]. Plaque at baseline was one of the factors that
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predicted the progression of atherosclerosis in CKD patients of the
NEFRONA cohort [30]. In relation to DM and CKD, lower GFR was
reported to be associated with the progression of carotid plaques
[44]. Data regarding AD progression in the present study showed
that factors associated with plaque progression are very similar in
patients with CKD with or without DM (age, plaque at baseline,
smoking, RRT), with the exception of pulse pressure, which is
associated with progression only in those without DM. Smoking
and RRT are associated with atheromatous disease progression but
not with the presence of atherosclerotic plaque in patients with
CKD and DM.
Our study limitations included the absence of precise phenotyping of the type of DM. Initially, the NEFRONA study was designed
to investigate renal disease and CV risk. Therefore, data on clinical
characteristics relevant to DM at baseline are not complete.
Another limitation is the substantial number of dropouts due to
death, CVD or renal allograft. Additionally, the length of the followup was limited to 24 months, and a more prolonged period of
follow-up could have provided more data on plaque progression.
However, the current results will be hopefully complemented with
information on clinical events in future studies.
Overall, our results show that subclinical atherosclerosis is more
frequent and rapidly progressive in patients with CKD and DM than
in CKD patients without DM. Moreover, diabetes is such a strong
risk factor for AD that it outweighs other described risk factors
associated with the presence of atherosclerosis in CKD patients
without DM. Therefore, this suggests a synergistic detrimental effect of these two conditions; individuals with both CKD and DM are
at an extraordinarily increased risk of atherosclerotic disease. For
this reason, a more targeted and aggressive therapeutic approach
beginning at the very earliest stages in patients with CKD and DM
appears to be reasonable in order to prevent atheromatous disease.
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