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Abstract
Background and objectivesVascular calcification (VC) is common in CKD, but little is known about its prognostic
effect on patients with nondialysis CKD. The prevalence of VC and its ability to predict death, time to
hospitalization, and renal progression were assessed.

Design, setting, participants, & measurements The Study of Mineral and Bone Disorders in CKD in Spain is a
prospective, observational, 3-year follow-up study of 742 patients with nondialysis CKD stages 3–5 from 39
centers in Spain from April to May 2009. VC was assessed using Adragao (AS; x-ray pelvis and hands) and
Kauppila (KS; x-ray lateral lumbar spine) scores from 572 and 568 patients, respectively. The primary end point
was death. Secondary outcomes were hospital admissions and appearance of a combined renal end point (be-
ginning of dialysis or drop .30% in eGFR). Factors related to VC were assessed by logistic regression analysis.
Survival analysis was assessed by Cox proportional models.

ResultsVCwas present in 79%of patients and prominent in 47% (AS$3 orKS.6). Age (odds ratio [OR], 1.05; 95%
confidence interval [95% CI], 1.02 to 1.07; P,0.001), phosphorous (OR, 1.68; 95% CI, 1.28 to 2.20; P,0.001),
and diabetes (OR, 2.11; 95%CI, 1.32 to 3.35;P=0.002)were independently related toAS$3. After amedian follow-
up of 35 months (interquartile range=17–36), there were 70 deaths (10%). After multivariate adjustment for age,
smoking, diabetes, comorbidity, renal function, and level of phosphorous, AS$3 but not KS.6 was indepen-
dently associated with all-cause (hazard ratio [HR], 2.07; 95% CI, 1.07 to 4.01; P=0.03) and cardiovascular (HR,
3.46; 95% CI, 1.27 to 9.45; P=0.02) mortality as well as a shorter hospitalization event–free period (HR, 1.14; 95%
CI, 1.06 to 1.22; P,0.001). VC did not predict renal progression.

ConclusionsVC is highly prevalent in patients with CKD. VC assessment using AS independently predicts death
and time to hospitalization. Therefore, it could be a useful index to identify patients with CKD at high risk of
death and morbidity as previously reported in patients on dialysis.

Clin J Am Soc Nephrol 10: 654–666, 2015. doi: 10.2215/CJN.07450714

Introduction
Several studies have reported on the high prevalence
of vascular calcification (VC) in patients with non-
dialysis CKD (1–9). It has been postulated that the
early diagnosis of VC and the treatment of the factors
that promote it could reduce the high rate of cardio-
vascular mortality observed in patients with CKD
(10–14). Although VC can be assessed by various
methods, such as ultrasonography, tomography,
and arteriography, simple radiology has the advan-
tages of being simple, inexpensive, and commonly
applicable in daily clinical practice. Therefore, current
guidelines recommend simple radiology for evaluat-
ing the presence of VC in patients with CKD (15,16).

Various studies have validated the use of the plain
radiograph of the abdominal aorta (Kauppila score
[KS]) or the hands and pelvis (simple VC score or
Adragao score [AS]) as simpler and more affordable
methods than tomography for showing the presence

of VC, with a good correlation in patients on dialysis
between coronary calcification (CC) and VC in other
fields territories (14,17,18). In the dialysis population,
the negative effect of VC on survival is well established
in both the coronary territory and other locations
(14,19,20). However, in patients with nondialysis CKD,
only the long-term effect of CC is known (3). The aim of
the Study of Mineral and Bone Disorders in CKD in
Spain (OSERCE-2) was to evaluate in patients with non-
dialysis CKD the prevalence of VC, its correlation with
parameters of bone mineral metabolism, and its effect
on mortality, hospitalization, and progression of renal
failure after a follow-up period of 3 years.

Material and Methods
Study Design
The OSERCE-2 is an observational, prospective, mul-

ticenter study of a cohort of patients with nondialysis
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CKD at stages 3–5 enrolled from 39 nephrology centers
belonging to the Spanish National Health System with a
follow-up period of 3 years. The Dr. Peset Hospital Research
Ethics Committee approved this study, and all patients
signed consent forms, consistent with the Declaration of
Helsinki.

Patients
All patients included were age 18 years or over, were in

nondialysis CKD stages 3–5 (eGFR,60 ml/min per 1.73
m2), and provided informed consent. The exclusion criteria
were acute renal failure, serious illness that presupposed a
life expectancy of ,12 months, and hospital admission dur-
ing the month before inclusion. In each center, researchers
carried out consecutive recruitment by including the first
20 patients. All patients received a visit at baseline, and a
laboratory blood sampling, a study of VC by x-ray of the
abdomen, pelvis, and hands, and an ankle-brachial index
(ABI) were undertaken after a clinical assessment, which
included a record of past medical history and current med-
ication. ABI was performed using continuous Doppler
(Smartdop30EX; 8 MHz) as previously described (21).

VCs
VCs of iliac, femoral, radial, and digital arteries were as-

sessed by x-ray of the pelvis and hands according to the
AS (Supplemental Figure 1) (14). To analyze the prognostic
effect of the location of VC, a separate analysis of VC of the
radial and cubital arteries (AS-hands) was performed, be-
cause they are muscular arteries with a greater tendency
to the calcification of the media (14). Aortic calcifications
were evaluated by lateral abdominal x-ray, which included
from vertebra T-10 to the first two vertebrae of the sacrum
according to the KS (Supplemental Figure 2) (17). VC was
classified as prominent at AS$3 or KS.6 as previously
reported (14,17). Assessment of the images was performed
centrally by two experts in radiology (M.J.C. and R.V.) who
did not have access to the clinical data of the patients. To
validate the x-ray assessment, T.A. undertook an external
analysis of a randomized and representative sample (27%)
of the x-rays, which showed an excellent correlation with
the data obtained by the radiologists of the study. The con-
cordance was 85.5% in the final score (0–8) and 90.5% in the
classification by groups (AS=0, =1–3, and .3). The inter-
rater agreement (k) was 0.7860.36 (P,0.001) for the final
score (0–8) and 0.8460.03 (P,0.001) for the classification by
groups.

Laboratory Tests
At baseline, blood tests were undertaken on all patients

and then sent to a central laboratory.
Blood samples were analyzed for creatinine, total protein,

albumin, calcium, phosphorus, intact parathyroid hormone
(PTH), 25(OH) vitamin D, 1,25(OH)2 vitamin D, and high-
sensitivity C-reactive protein. Intact PTH levels were de-
termined by chemiluminescence (Immulite 2000); 25(OH)
vitamin D and 1,25(OH)2 vitamin D were determined by
radioimmunoassay (Biosource). In line with previously re-
ported studies (22,23), the levels of 25(OH) vitamin D were
transformed to the usual method of reference (DiaSorin Li-
aison chemiluminescent radioimmunoassay) to improve the

comparability of the results of the study. To do this, we mea-
sured 25(OH) vitamin D concentration using both assays on
390 study participants (53%), and a regression analysis was
performed to define the relationship between the DiaSorin
method mean and the Biosource method mean (x). Given
that the relationship was nonlinear, we fitted different re-
gression models to the data and checked the validity of as-
sumptions and the goodness of fit of each model. The best
model was obtained with a power curve estimation regres-
sion model. The result was as follows: DiaSorin =x0.777 (ad-
justed R2=0.97; P,0.001).
Other determinations taken at baseline in each center

were full blood count, blood glucose concentration, cho-
lesterol and fractions, triglycerides, proteinuria (grams per
24 hours), albuminuria (milligrams per gram), and ferritin.
To evaluate the progression of kidney function, creatinine
levels were determined at baseline and months 12, 24, and
36. eGFR was calculated using the Modification of Diet in
Renal Disease formula (24).

Survival, Hospitalization, and Beginning of RRT
The primary outcome measure was incidence of death

from the recruitment period (April and May of 2009) to
completion of follow-up (May of 2012). Secondary out-
comes were hospital admissions and the appearance of a
combined renal end point (beginning of dialysis, trans-
plant, or drop of .30% in eGFR) over the follow-up.

Statistical Analyses
According to the information obtained from the litera-

ture, annual mortality in patients with nondialysis CKD is
around 3% in stage 3, 7% in stage 4, and 9% in stage 5 (25).
Approximately 75% of this population is estimated to
show relevant VC (4). Although there are no studies that
have analyzed the influence of VC on the mortality of pa-
tients with nondialysis CKD, studies undertaken on the
hemodialysis population show a 3-fold increase in mortality
in the group with VC compared with the group without VC
(14). With a minimum follow-up of 3 years (assuming losses
of 20% and considering an error of b=0.8), it is estimated
that the initial inclusion of $568 patients (426 and 142 pa-
tients in the cohort with and without VC, respectively) is
required to find significant differences between both groups.
The results of the continuous variables were expressed as

the means6SDs or medians (interquartile ranges) as appro-
priate. Given that both the KS and the AS did not present a
normal distribution, both VC scores were grouped together
in dichotomous variables according to the presence or ab-
sence of prominent VC. The univariate analysis was under-
taken using the t, Mann–Whitney U, or chi-squared test
depending on the variables compared. Factors indepen-
dently related to VC were assessed by logistic regression
analysis, including those variables that were significant
(P,0.05) in a univariate analysis: age, sex, diabetes mellitus,
comorbidity, etiology, smoking, diastolic BP, eGFR, se-
rum calcium, phosphorous, PTH, 1,25(OH)2 vitamin D, 25-
hydroxivitamin D, hemoglobin, LDL-cholesterol, albumin,
high-sensitivity C-reactive protein (log), glucose levels, and
treatment with diuretics, vitamin D, statins, phosphate bind-
ers, and anticoagulants. The same covariates were included
in all of the regression analysis. The correlation studies were
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carried out using Spearman’s rank correlation coefficient.
The crude analysis of overall survival in each patient group
depending on the degree of VC was estimated using the
Kaplan–Meier method. The log-rank test was used to com-
pare the survival curve. The univariate and multivariate
analyses were conducted by means of the Cox proportional
hazards model of death as a function of the degree of VC.
For the multivariate model building, we first included one
VC score and those variables related to VC, mortality, and
morbidity according to the current literature (age, smoking,
and phosphorous levels), and therefore, these four variables
were included in all of the final models. Then, we generated
different models by entering the other predictors signifi-
cantly associated with death in the univariate analysis (co-
morbidity, diabetes, overweight, diastolic BP, eGFR, serum
25(OH) vitamin D, 1,25(OH)2 vitamin D, and albumin and
hemoglobin levels). As previously recommended (26) and
because of the limited number of deaths (70 events), we
avoided including more than seven variables in each model.
For the same reason, in the analysis of mortality from vas-
cular cause (25 events), we included only VC scores and age,
phosphorous levels, or smoking as covariates. Likewise, an
analysis was undertaken for hospitalization and combined
renal end point. The variables included in the multivariate

analysis for hospitalization were age, diabetes, comorbidity,
smoking, BP, ABI, AS, KS, eGFR, serum phosphorous, and
albumin, hemoglobin, and cholesterol levels. The variables
included in the multivariate analysis for CKD progression
were age, sex, diabetes, smoking, BP, ABI, eGFR, proteinuria,
and serum phosphorous, calcium, PTH, vitamin D, albumin,
and hemoglobin levels. To avoid colinearity, we did not in-
clude AS and AS-hands in the same model. A P value ,0.05
was considered significant.

Results
From 742 patients enrolled at baseline, complete radio-

graphic data for assessment of VC using the AS and the KS
were available for 572 (77%) and 568 (77%) patients, re-
spectively, which were included in the final analysis. The
baseline characteristics by the VC score group are sum-
marized in Table 1.

VC Scores
Of all of the patients included in the study, the x-rays of 9%

of patients were not performed because of logistic problems.
In 14% of patients, although x-rays were performed, the
images were too low in quality to be accurately assessed

Figure 1. | Proportion of patients with Kauppila score >6, Adragao score ‡3, and vascular calcification of the radial and cubital arteries
(Adragao Index-hands) ‡1 according to the stages of CKD.

Figure 2. | Vascular calcification scores in individual patients in relation to their age.
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because of technical problems (i.e., low resolution of the
image sent to the central radiology department, areas of
fecal matter, and other technical difficulties in reading the
x-rays appropriately), and the information was not in-
cluded in the analysis; 525 (71%) patients were available
for both VC scores assessments. The proportion of patients
with VC was 78%, and in 47% of these patients, VC was
prominent (AS$3, 30%; KS.6, 31%); 24% of patients had
VC on radial or cubital arteries (AS-hands $1).

Factors Associated with High VC Scores
The proportion of patients with a KS.6 and an AS$3

did not vary with the stage of CKD, whereas the propor-
tion of patients with AS-hands $1 was higher among pa-
tients with lower eGFR (Figure 1). Although both KS and
AS showed a positive and significant correlation with age,
the correlation was stronger with KS than AS (Figure 2).
Other factors that showed a significant and positive corre-
lation with VC were phosphorus, diastolic BP, pulse pres-
sure, and waist circumference (Supplemental Table 1).
Only AS-hands showed a significant correlation with
PTH levels and renal function. The independent determi-
nant predictors of significant VC according to KS, AS, and
AS-hands after multivariate analysis are shown in Table 2.

Mortality
After a median follow-up of 35 months (25th percentile,

17 months; 75th percentile, 36 months), there were 70 deaths.
The causes of death were cardiovascular (n=25; 36%), infec-
tions (n=13; 19%), tumors (n=7; 10%), sudden death (n=3;
4%), and others (n=8; 11%). In 14 patients (20%), the cause of

death was unknown. The crude analysis of survival using
the Kaplan–Meier method showed that the presence of sig-
nificant VC estimated by any method predicted all-cause
and cardiovascular mortality (Figure 3).
In the age-adjusted analysis of the factors associated with

mortality (Supplemental Table 2), the group AS$3 showed
more than double the risk of all-cause mortality than the
AS,3 group, whereas the risk was increased 5-fold when
VC was evaluated using AS-hands. In contrast, VC as-
sessed by KS did not predict mortality. Table 3 shows
the predictive power of VC scores for death when adjusted
for multiple covariates. In the multivariate analysis, AS$3
but not KS.6 independently predicted all-cause and car-
diovascular mortality (Table 3). AS-hands $1 was also an
independent predictor of cardiovascular mortality.

Hospitalization
There were 297 hospital admissions for 174 (24%) patients.

The main pathologies that prompted hospitalization were
cardiovascular (n=129; 43%) and infections (n=52; 18%). In
the Kaplan–Meier analysis, the presence of significant VC
had a reduced hospitalization-free survival caused by either
all-cause or cardiovascular disease (Figure 4). In multivariate
models, AS$3 but not KS.6 independently predicted a
shorter all-cause and cardiovascular hospitalization event–
free period (Table 4). AS-hands $1 was also an independent
predictor of hospitalization-free survival when introduced
into the models for all-cause (hazard ratio [HR], 1.29; 95%
confidence interval [95% CI], 1.13 to 1.49; P,0.001) and car-
diovascular-related (HR, 1.30; 95% CI, 1.07 to 1.57; P,0.01)
hospitalization.

Table 2. Multiple logistic regression analysis for independent predictors of significant vascular calcification according to Kauppila
score >6, Adragao score ‡3, and Adragao score (hands only) ‡1

Covariates Odds Ratio
(95% CI) P Value

Multiple logistic regression analysis for Kauppila score >6
Age (yr) 1.08 (1.05 to 1.10) ,0.001
Diabetes mellitus 1.68 (1.07 to 2.62) 0.02
Phosphorous (mg/dl) 1.84 (1.39 to 2.44) ,0.001
Peripheral vascular disease 2.00 (1.20 to 3.35) 0.01
Smoking (active) 1.67 (1.04 to 2.69) 0.03
Statins treatment 1.91 (1.17 to 3.11) 0.01

Multiple logistic regression analysis for Adragao score ‡3
Age (yr) 1.05 (1.02 to 1.07) ,0.001
Diabetes mellitus 2.11 (1.32 to 3.35) 0.002
Phosphorous (mg/dl) 1.68 (1.28 to 2.20) ,0.001
Peripheral vascular disease 1.71 (1.00 to 2.92) 0.05
Sex (women) 0.34 (0.21 to 0.56) ,0.001

Multiple logistic regression analysis for Adragao score (hands only) ‡1
Age (yr) 1.03 (1.01 to 1.05) 0.003
Diabetes mellitus 2.70 (1.71 to 4.27) ,0.001
Phosphorous (mg/dl) 1.68 (1.28 to 2.20) ,0.001
Pathologic ankle-brachial index 1.76 (1.12 to 2.79) 0.02
Anticoagulant treatment 2.02 (1.13 to 3.60) 0.02

The same covariates were included in all of the regression analyses: age, sex, diabetes mellitus, comorbidity, etiology, smoking,
diastolic BP, eGFR, serum calcium, phosphorous, parathyroid hormone, 1,25(OH)2vitaminD, 25-hydroxivitaminD, hemoglobin, LDL-
cholesterol, albumin, high-sensitivity C-reactive protein (log), glucose levels, and treatment with diuretics, vitamin D, statins,
phosphate binders, and anticoagulants. CI, confidence interval.
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CKD Progression and Initiation of RRT (Composite Renal
End Point)
After 3 years of follow-up, 271 (38%) patients had a de-

crease in eGFR.30% or started RRT. Table 5 shows the
Cox regression analysis adjusted for baseline eGFR of factors
associated with CKD progression. VC by either method did
not predict the composite renal end point, even when we
stratify by CKD stages (data not shown). The multivariate
analysis showed eGFR (HR, 0.94; 95% CI, 0.92 to 0.95;
P,0.001), age (HR, 0.99; 95% CI, 0.98 to 0.99; P=0.04),

PTH levels (HR, 1.14; 95% CI, 1.02 to 1.26; P=0.02), protein-
uria (HR, 1.75; 95% CI, 1.21 to 1.25; P=0.003), active tobacco
smoking (HR, 1.63; 95% CI, 1.11 to 2.39; P=0.01), and hemo-
globin levels (HR, 0.88; 95% CI, 0.79 to 0.98; P=0.02) to be
independent predictors of CKD progression.

Discussion
This study is the largest and longest prospective study

evaluating the power of VC in predicting outcomes of patients

Figure 3. | Curves of overall survival and cardiovascular death of patients with CKD according to the presence of Kauppila score (KS) £6 or
>6 ([A] overall survival; [B] cardiovascular survival), Adragao score (AS)<3 or ‡3 ([C] overall survival; [D] cardiovascular survival), and AS
(only hands; AS-hands) =0 or ‡1 ([E] overall survival; [F] cardiovascular survival).
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with CKD stages 3–5 before RRT. We found that the presence
of VC assessed by radiographs of the hand and pelvis is an
independent and robust predictor of all-cause and cardiovas-
cular death and reduced hospitalization-free survival. Al-
though the negative effects of CC have been previously
reported in patients with nondialysis CKD (3), our study
shows, for the first time, the negative effect of VC in locations
other than the coronary territory.
This association between VC and the risk of mortality

and morbidity is a common finding in patients on dialysis

(14,19,20). Our data showed that this association begins at
earlier stages of CKD, strengthening the Kidney Disease
Improving Global Outcomes (KDIGO) guidelines that rec-
ommend the use of simple radiology for screening VC in
patients with CKD (15).
By assessing VC through the combination of KS and AS,

we could extrapolate where VC predominated: whether in
the tunica intima or media of the vessel. This is because the
KS evaluates VC in an elastic artery, such as the aorta, and
therefore, is more susceptible to calcification of the intima.

Figure 4. | All-cause and cardiovascular hospitalization event–free periods in patients with CKD according to the presence of KS £6 or >6
([A] all–cause hospitalization event–free period; [B] cardiovascular hospitalization event–free period), AS <3 or ‡3 ([C] all-cause hospi-
talization event–free period; [D] cardiovascular hospitalization event–free period), and AS (only hands; AS-hands) =0 or ‡1 ([E] all-cause
hospitalization event–free period; [F] cardiovascular hospitalization event–free period).
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By contrast, AS evaluates VC in muscular (radial and digi-
tal) or predominantly muscular (iliac and femoral) arteries,
which are more susceptible to the calcification of the media
(14,27). Although age, diabetes, and phosphorus levels
seemed to be common elements associated with both path-
ologic KS and AS, this study shows the different prognostic
value of both indexes, which suggests that the location of
calcification seems to have prognostic significance in pa-
tients not on dialysis (28). Although both indexes behaved
as predictors of death and hospital admission in the unad-
justed analysis, only the AS is confirmed as an independent
predictor in the multivariate analysis. Greater predictive
power was obtained even when we analyzed the AS-hands,
which suggests that, in patients with nondialysis CKD, it is
the calcification of the media that presents a greater prog-
nostic power. Although data are not available for patients
with CKD, Hong et al. (29) have reported, in a dialysis
population, that the calcification of digital arteries but not
the abdominal aorta is a good predictor of mortality. Hong
et al. (29) postulated that the high prevalence of aortic cal-
cification and its association with age may limit its prog-
nostic value for the survival of patients on dialysis. The
same reasoning could be applied to patients with nondial-
ysis CKD, in whom the presence of aortic calcification is
age related and very prevalent, which was reported in this
study and others (1–9). This discovery of the independent
prognostic value that a plain radiograph of hands may
have in detecting VC constitutes the most original finding
of this study.
Renal function may have an important role in the onset

and progression of VC. In this study, we observed that the
VC of muscular arteries (radial and digital) was signifi-
cantly correlated with the severity of renal dysfunction,
which is in accordance with previous studies. Watanabe
et al. (3) observed, in 117 patients with nondialyzed CKD, a

trend toward an increase in the prevalence of severe CC ac-
cording to the stage of kidney disease. Sigrist et al. (9) fol-
lowed 46 patients with CKD stage 4 for 2 years and showed
a correlation between reduction in eGFR and increase in CC
score. However, we did not find a predictive effect of VC on
eGFR reduction or initiation of RRT. This observation is of
special interest, because as far as we are concerned, no study
has shown the relationship between VC and kidney progres-
sion (3,30), supporting the hypothesis that the uremic milieu
promotes VC but that the VC does not per se aggravate CKD
as previously postulated (3,10,11).
The assessment of CKD-mineral and bone disorder as a

factor for mortality and kidney progression was a second-
ary aim of this study. In line with previous studies (3,4,8,9),
hyperphosphatemia was confirmed as an independent risk
factor of VC, mortality, and hospitalization. Phosphorus
could increase cardiovascular mortality by mechanisms
other than VC, such as through fibroblast growth factor-
23, which has been implicated in the pathogenesis of both
myocardial hypertrophy and atherosclerosis (31,32). More
interestingly, hyperparathyroidism was an independent
predictor for kidney progression, which had not been fully
shown previously (30), whereas low vitamin D levels were
associated to all-cause mortality and ESRD after adjusting
for age and eGFR, respectively. Lastly, we would like to
draw attention to the independent association observed
between the use of oral anticoagulants and VC, which
has been previously reported (33–35). Although this asso-
ciation does not imply causation, it should be evaluated in
future clinical trials designed to test anticoagulation strat-
egies in the CKD population.

Strengths and Limitations
Apart from the centralization of the analytic parameters

and the radiologic reading, the strength of this study resides

Table 4. Multivariate analysis of the factors associated with hospitalization-free survival with either all-cause or cardiovascular
disease

Factor

All-Cause Hospitalization
(297 Admissions)

Cardiovascular Hospitalization
(129 Admissions)

Hazard
Ratio 95% CI P Value Hazard

Ratio 95% CI P
Value

Kauppila score .6 1.00 0.96 to 1.04 0.94 1.06 1.01 to 1.11 0.02
Adragao score $3 1.14 1.06 to 1.22 ,0.001 1.14 1.02 to 1.26 0.02
Age (yr) 1.02 1.00 to 1.03 0.10 1.01 0.98 to 1.03 0.62
Smoking (active) 1.06 0.59 to 1.90 0.85 0.82 0.31 to 2.15 0.68
Diabetes mellitus 1.41 0.95 to 2.09 0.08 1.19 0.68 to 2.08 0.54
Comorbiditya 1.03 0.69 to 1.52 0.90 2.06 1.18 to 3.62 0.01
Systolic BP 0.99 0.98 to 1.00 0.09 0.99 0.97 to 0.99 0.02
Diastolic BP 1.00 0.99 to 1.02 0.71 0.99 0.97 to 1.02 0.61
Pathologic ankle-brachial
index

1.05 0.71 to 1.53 0.82 1.21 0.69 to 2.10 0.51

Phosphorous (mg/dl) 1.25 1.02 to 1.54 0.03 1.08 0.74 to 1.60 0.68
eGFR (ml/min per 1.73m2) 0.99 0.97 to 1.00 0.12 1.01 0.98 to 1.03 0.66
Hemoglobin (g/L) 1.02 0.90 to 1.15 0.78 0.99 0.83 to 1.19 0.95
Albumin (g/dl) 0.66 0.47 to 0.93 0.02 0.74 0.43 to 1.28 0.28
Total cholesterol 1.00 0.99 to 1.00 0.15 1.00 0.99 to 1.00 0.15

aIncludes background of coronary disease, congestive cardiac insufficiency, cerebrovascular disease, or peripheral vascular disease.
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in the adequate sample size and the relatively long period
of follow-up. This study, however, presents limitations that
should be taken into account. First, its observational design
does not allow us to determine whether prevention or treat-
ment of a risk factor like VC could lead to an improvement in
patient survival. Second, as in any semiquantitative radio-
logic analysis, there is a dependent observer limitation. To
minimize this factor, a centralized and blind reading of the
radiographs by the two participating radiologists was un-
dertaken, and also, an external analysis by T.A. was carried
out. Third, the low number of deaths from cardiovascular
causes limited its multivariate analysis.

Conclusions and Clinical Implications
Our data suggest that the presence of VC assessed by

radiographs of the hand and pelvis is an independent and
robust predictor of all-cause and cardiovascular mortality

and the period of hospitalization in patients with non-
dialysis CKD, supporting the KDIGO guidelines on the use
of simple radiology for screening VC in patients with CKD.
According to our results, the screening should be directed
especially at territories where muscular arteries prevail,
such as the radial and digital arteries, using hand radiog-
raphy. Clinical trials are warranted to evaluate strategies
for preventing or delaying the appearance of VC and
analyze its effect on the survival of patients with CKD, in
whom life expectancy continues to be unacceptable.
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