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Abstract

Introduction: Since 25-hydroxyvitamin D (25(0OH)D) deficiency has been
linked to an increased risk for cardiovascular disease (CVD) in the hemodi-
alysis population, we aimed to determine the relationship between serum
25(0OH)D level and markers of subclinical CVD in non-dialysis chronic kidney
disease (CKD) patients.

Material and methods: This cross-sectional, single-center study prospec-
tively enrolled 87 clinically stable CKD patients (median age: 61 (57-66)
years, 51% male, median estimated glomerular filtration rate (eGFR):
32 (27-37) ml/min). Five markers of subclinical CVD were assessed: inti-
ma-media thickness, abdominal aortic calcifications (AAC) using the Kaup-
pila score, cardio-ankle vascular index, ankle-brachial index (ABI) and inter-
ventricular septum thickness.

Results: Vascular (37%), glomerular (23%) and interstitial (18%) nephrop-
athies were the main causes of CKD. 25(0OH)D had a median value of
14 (12.5-17.1) ng/ml, and its levels decreased with eGFR (rs = 0.19; p = 0.04).
Patients with 25(0OH)D deficiency (54%) were older, had a higher serum al-
kaline phosphatase level, lower ABI and higher AAC score. There were no
differences between the two groups regarding other traditional or non-tra-
ditional risk factors for atherosclerosis. The association between subclinical
CVD markers and 25(0OH)D was further evaluated in multivariable binomial
logistic regression models adjusted for CV risk factors. Lower 25(0H)D level
was retained as an independent predictor only for pathological ABI.
Conclusions: This is the first study to evaluate the relationship between
a large set of subclinical CVD markers and 25(0OH)D deficiency in non-dialy-
sis CKD patients. We found that hypovitaminosis D is associated with sub-
clinical peripheral arterial disease, independently of other cardiovascular
risk factors.

Key words: 25-hydroxyvitamin D deficiency, cardiovascular disease, non-
dialysis chronic kidney disease, peripheral arterial disease.

Introduction

Cardiovascular disease (CVD) is the primary cause of morbidity and
mortality in chronic kidney disease (CKD) patients [1, 2]. Both traditional
and non-traditional risk factors for atherosclerosis have been associated
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with the increased cardiovascular risk in this pop-
ulation [3]. Clinical interventions on these factors
were not as effective as in the general population,
mainly because of the unique CKD setting [4, 5].
The identification of novel mechanisms that predis-
pose to CVD in the milieu of CKD may prove useful
in the development of new targeted therapies.

Vitamin D deficiency, defined as reduced 25-hy-
droxyvitamin D (25(CH)D) levels, is present in the
majority of CKD patients. In addition to its classi-
cal association with mineral and bone disorders,
25(0OH)D deficiency has also been linked to an
increased risk for CVD, especially in hemodialysis
patients [6-8]. However, whether such an effect is
present in non-dialysis CKD patients is largely un-
known, since the few studies addressing this issue
reported inconsistent results [9-11].

We therefore aimed to investigate the relation-
ship between 25(0H)D deficiency and markers of
cardiovascular damage in non-dialysis CKD pa-
tients.

Material and methods
Subjects

This prospective, cross-sectional study enrolled
87 patients selected from those admitted to the
Dr. Carol Davila Teaching Hospital of Nephrology
in a 6-month period. Patients were asked to par-
ticipate in the study if they were over 18 years of
age, had an estimated glomerular filtration rate
(eGFR) < 60 ml/min/1.73 m? (abbreviated Mod-
ification of Diet in Renal Disease (MDRD) equa-
tion) on two occasions in a 3-month period, and
were not on vitamin D supplementation. Patients
with end-stage renal disease (ESRD), heart fail-
ure, acute coronary event, stroke and clinically
manifested peripheral artery disease in the last
6 months, atrial fibrillation, malignancy and active
inflammation (C-reactive protein (CRP) > 12 mg/l)
were excluded.

The study protocol was approved by the local
Ethics Committee. All subjects signed an informed
consent form prior to any study procedure.

Methods

Systematic data were obtained for every pa-
tient using a standardized questionnaire, which in-
cluded traditional cardiovascular risk factors such
as age, gender, body mass index (BMI), smoking
status, hypertension (defined as a blood pressure
>140/90 mm Hgin non-diabetics,>130/80 mm Hg
in diabetics or use of anti-hypertensive medica-
tion), diabetes mellitus (defined as a plasma fast-
ing glucose > 126 mg/dl or use of anti-diabetic
medication), lipid profile (cholesterol, triglycerides)
and non-traditional cardiovascular risk factors
— CKD (etiology, eGFR, proteinuria, albuminuria),

calcium-phosphate metabolism parameters (se-
rum parathyroid hormone, 25(0H)D, total calcium,
phosphate, total alkaline phosphatase), inflamma-
tion (CRR serum albumin), and serum uric acid.

Serum vitamin D was measured in fresh blood
samples using a 25(0H)D electrochemilumines-
cence immunoassay. Patients were categorized
into two groups based on the commonly used cut-
off value of 15 ng/ml: vitamin D deficient or suf-
ficient [12]. To convert nanograms per milliliter to
nanomolar values, one should multiply by 2.496.

The severity of cardiovascular damage was as-
sessed by measurements of intima-media thick-
ness (IMT), abdominal aortic calcifications score
(AAC), ankle-brachial index (ABI) — as markers of
atherosclerotic disease — cardio-ankle vascular in-
dex (CAVI) as a marker of arterial stiffness, and in-
terventricular septum thickness (IVS) as an index
of left ventricular hypertrophy.

Intima-media thickness was determined by
B-mode ultrasonography of the carotid artery
with a transducer frequency of 7 MHz. Up to 4 cm
of the common carotid artery, the carotid bifur-
cation and the internal carotid 2 cm distally from
the bifurcation were scanned bilaterally using lon-
gitudinal and transverse sections. Intima-media
thickness was defined as the distance between
the leading edge of the first echogenic line (lu-
men-intima interface) and the second echogenic
line (media-adventitia interface) in plaque-free
arterial segments. Abdominal aortic calcifications
score was evaluated on a lateral lumbar X-ray
(acquired in the standing position), as described
by Kauppila et al [13]. Ankle-brachial index and
CAVI were measured with the subjects in supine
position at rest for at least 10 minutes by trained
technicians using the VaSera VS-1000 screening
device (Fukuda Denshi, Tokyo, Japan) as described
by the manufacturer. Interventricular septum
thickness thickness was assessed in diastole us-
ing two-dimensional M-mode echocardiography
with a 2.5 MHz transducer. All measurements
were performed under blind conditions.

Statistical analysis

All variables included in the analysis were ver-
ified for normality using the Shapiro-Wilk test.
Continuous variables are presented as mean or
median and 95% confidence interval, according
to their distribution, and categorical variables as
percentages. Maximum CAVI, IMT and minimum
ABI of the bilateral values were used in analysis.
Group comparisons were performed with Stu-
dent’s t test, the y?test, and the Mann-Whitney
U test, as appropriate. The Spearman test was
used to assess correlations.

Multivariable-adjusted binomial logistic regres-
sion analyses were performed in separate models
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using ABI (higher or lower than 0.9), CAVI (high-
er or lower than 9), IMT (higher or lower than
0.1 cm), AAC (higher or lower than 1) and IVS
(higher or lower than 10 mm) as the dependent
variable [14-16]. Serum 25(0OH)D concentration
was used as the independent variable and adjust-
ments were made for age, gender, BMI, smoking
status, diabetic status, mean blood pressure (MBP),
eGFR (MDRD4), serum uric acid, CRP cholesterol,
triglycerides, serum parathyroid hormone (PTH),
serum phosphate, and serum alkaline phospha-
tase. For the regression analysis, variables were log
transformed to satisfy assumptions of normality.

For all tests, a p-value < 0.05 was considered
statistically significant. Analyse-it (Analyse-it Soft-
ware, Ltd., Leeds, UK) and SPSS (SPSS Inc., Chi-
cago, IL, USA) software were used to analyze the
data.

Results

The studied population had a median age of 61
(57-66) years, and 51% were male. Most of the pa-
tients were in stage 3B or 4 CKD (37% and 28%).
Vascular nephropathy, glomerulonephritis and
interstitial nephropathies were the main primary
renal diseases. Although 23% of patients had di-
abetes mellitus, only 6% were considered to have
diabetic nephropathy. Arterial hypertension was
found in 82% of the studied subjects (Table I). As
for treatment, 79% received a renin-angiotensin
system blocker (angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers), 56%
received B-blockers, 34% calcium channel block-
ers and 20% diuretic therapy. Statin therapy was
rather scarce (21%), while more than half of the
patients received antiaggregant therapy (52%).

Vitamin D had a median value of 14 (12.5-17.1)
ng/ml, and its levels decreased with the eGFR (rs =
0.19; p = 0.04). Patients with 25(0H)D deficiency
(54%) were older and had a higher serum alka-
line phosphatase level. However, there was no dif-
ference between the two groups regarding other
traditional and non-traditional risk factors for ath-
erosclerosis. Furthermore, patients with 25(0H)D
shortage had similar eGFR and proteinuria as pa-
tients with higher vitamin D levels (Table I). Also,
we found no relationship between the medication
received and vitamin D deficiency.

In the univariate analysis, a relationship be-
tween low vitamin D status and arterial disease
was presumed since lower ABI (p = 0.05) and
a higher AAC score (p = 0.03) were found in this
group. However, the other non-invasive markers of
cardiovascular damage were similar between the
studied groups (Table ). Low levels of vitamin D
were correlated with increased aortic calcification
scores (rs = —0.23, p = 0.03), but serum vitamin D
levels were not associated with ABI (rs = 0.20,

p =0.06), CAVI (rs =—0.04, p = 0.7), IMT (rs = —0.13,
p = 0.22) or IVS thickness (rs = 0.004, p = 0.9).
The association between vascular disease sub-
clinical markers and 25(0H)D was further evalu-
ated in multivariable binomial logistic regression
models adjusted for cardiovascular risk factors.
Serum vitamin D was retained as an independent
predictor only for pathological ABI (Table II).

Discussion

In the present observational prospective study,
we found that hypovitaminosis D is associat-
ed with subclinical peripheral arterial disease in
non-dialysis CKD patients. Furthermore, the sta-
tistical power of this correlation remained after
adjusting for traditional and non-traditional car-
diovascular (CV) risk factors. To the best of our
knowledge, this is the first study to evaluate the
relationship between a large number of subclini-
cal cardiovascular damage markers and vitamin D
deficiency in non-dialysis CKD patients.

The biologically active form of vitamin D,
1,25-dihydroxyvitamin D (1,25(0H),D; calcitriol),
can be difficult to accurately measure since the
circulating concentration can be 1000 times lower
than that of 25(0OH)D (calcidiol) due to the short-
er half-life time. Thus, the most commonly used
measure of vitamin D status is the 25(0OH)D assay
[17]. In CKD the ability to generate active vitamin
D is markedly impaired by the reduction in neph-
ron mass, and the hyperphosphatemia-induced
increase in levels of fibroblast growth factor 23,
which inhibits the renal hydroxylation and acceler-
ates its catabolism [18]. Furthermore, the 25(0H)D
level declines as the glomerular filtration rate falls.
The reason for this is not clear; it may be due to
environmental factors such as diet, less sun ex-
posure or to uremic and hyperparathyroidism in-
hibition of the 25-hydroxylation of cholecalciferol
in the liver [19]. At present, there is no consensus
regarding the optimal 25(OH)D level for skeletal
and extra-skeletal health. Generally, 25(0OH)D lev-
els below 30 ng/ml are considered insufficient and
levels below 15 ng/ml are considered deficient
[20]. According to these cutoffs, 76% of CKD pa-
tients display either vitamin D deficiency (42%) or
insufficiency (34%) [21]. We found a similar pro-
portion of patients with 25(0H)D deficiency (54%)
in our cohort.

Low 25(0OH)D levels in patients with CKD and
ESRD have been associated with a higher risk of
all-cause mortality [9, 22-24]. Epidemiological
studies, mainly in the general population, report-
ed that moderate to severe vitamin D deficiency
was related to an increased risk for cardiovascular
events, peripheral vascular disease, hypertension,
and congestive heart failure [25-29]. Vitamin D
deficiency might affect the cardiovascular system
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Table 1. Investigated parameters in study groups

Parameter All 25(0OH)D < 15 25(0OH)D > 15 P-value’
N =87 ng/ml ng/ml
(n=47) (n = 40)
Traditional risk factors for atherosclerosis:
Male (%) 51 53 65 0.2
Age [years] 61 (57-66) 66 (60-71) 57 (53-64) 0.02
BMI [kg/m?] 27 (25.8-28.3) 26.8 (24.5-29)  27.3 (25.6-28.3) 0.9
Smokers (%) 6 2 10 0.1
Cholesterol [mg/dl] 190 (176-210) 183 (172-196)  206.5 (172-216) 0.5
Triglycerides [mg/dl] 150 (132-173) 163 (132-180) 136 (125-173) 0.5
MBP [mm Hg] 96 (91.7-98.3) 96.7 (93.3-100)  93.3 (88.3-100) 0.1
Arterial hypertension (%) 83 87 78 0.2
Diabetes mellitus (%) 23 30 15 0.1
Non-traditional risk factors for atherosclerosis:
Uric acid [mg/dl] 6.1 (5.9-6.5) 6.1 (5.8-6.5) 6.2 (5.7-7.1) 0.6
Chronic kidney disease:
Primary renal disease (%): 0.8
Glomerulonephritis 23 19 28
Diabetic nephropathy 6 9 3
Interstitial nephropathies 18 19 18
Hereditary nephropathies 7 6 7
Vascular nephropathy 37 38 34
Other/unknown 9 9 10
CKD stage (%): 0.3
3A 22 15 30
3B 37 38 35
4 28 32 25
5 13 15 10
eGFR [ml/min] 32 (27-37) 31 (23-36) 35.6 (27-42.6) 0.09
Proteinuria [g/day] 0.71 (0.45-0.96) 0.92 (0.51-1.33) 0.46 (0.19-0.73) 0.07
Albuminuria [g/day] 0.53 (0.33-0.72) 0.7 (0.38-1.03) 0.32 (0.14-0.5) 0.1
Calcium-phosphate metabolism parameters:
PTH [pg/ml] 89.4 (70.5-111)  92.5 (64.4-211) 82.8 (65.1-109) 0.1
25(0H)D [ng/ml] 14 (12.5-17.1) 104 (9.11-12)  20.1 (18.6-21.8) < 0.01
Total calcium [mg/dl] 9.6 (9.4-9.8) 9.6 (9.5-9.9) 9.55 (9.3-9.8) 0.4
Serum phosphate [mg/dl] 3.6 (3.4-3.7) 3.7 (3.4-3.8) 3.45 (3.1-3.7) 0.09
Serum alkaline phosphatase [U/l] 78 (68-93) 92 (71-103) 68.5 (64-85) 0.02
Inflammation:
Serum albumin [g/dl] 45 (4.36-4.64) 4.4 (4.23-4.65) 4.56 (4.4-4.7) 0.1
CRP [mg/dl] 3 (3-4) 3 (3-5) 3 (3-4) 0.2
Non-invasive measurements of atherosclerosis and arterial stiffness:
IMT [cm] 0.07 (0.06-0.08)  0.08 (0.06-0.09)  0.06 (0.06-0.09) 0.4
CAVI 10.1 (9.4-11.1) 11 (9.6-11.2) 9.75 (9.2-10.9) 0.3
ABI 1.07 (1.03-1.1)  1.05 (0.99-1.08)  1.09 (1.04-1.1) 0.05
Aortic calcification score 1(0-2) 2 (0-3) 0 (0-1) 0.03
Ventricular septum [mm] 10 (9.4-11) 10 (9-11.3) 10 (9-11) 0.3

*25(0H)D < 15 ng/mlvs. > 15 ng/ml. ABI — ankle brachial index, BMI — body mass index, CAVI — cardio ankle vascular index, CKD — chronic
kidney disease, CRP — C-reactive protein, eGFR — estimated glomerular filtration rate, IMT — intima media thickness, MBP — mean blood
pressure, PTH — parathyroid hormone.
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Table II. Relationship between the five studied non-invasive markers of cardiovascular damage and the cardiovas-
cular risk factors in separate models of multivariable-adjusted binary logistic regression analysis

Model Variable Beta 95% Cl of beta P-value
ABI" Age 1.11 1.01-1.22 0.02
25(0H)D 0.84 0.71-1.00 0.05
Uric acid 2.39 1.24-4.58 <0.01
Constant 0.00 <0.01
IMT* Age 1.13 1.06-1.20 <0.01
Male gender 0.25 0.06-0.96 0.04
Constant 0.00 <0.01
CAVI¥ Age 1.22 1.10-1.34 < 0.01
Male gender 0.09 0.01-0.59 0.01
BMI 0.84 0.71-0.99 0.04
Constant 0.05 0.05 0.12
Aortic calcification score? Age 1.09 1.05-1.14 <0.01
Constant 0.00 <0.01
Ventricular septum$ Age 1.05 1.01-1.09 <0.01
Male gender 0.21 0.07-0.66 <0.01
Cholesterol 0.98 0.97-0.99 0.03
Triglycerides 1.00 1.00-1.01 0.04
Serum phosphate 1.87 0.91-3.83 0.08
Constant 0.01 0.07

Each model included the same cardiovascular risk factors. Variables entered at step 1 for each model: age, gender, diabetic status,
smoking status, 25(0H)D, serum PTH, serum alkaline phosphatase, eGFR (MDRD), uric acid, CRR cholesterol, MBP BM|, triglycerides, serum
phosphate. *Cox and Snell R? = 0.23; p < 0.01, 'Cox and Snell R? = 0.31; p < 0.01, *Cox and Snell R? = 0.43; p < 0.01, “Cox and Snell R? =

0.30; p < 0.01, *Cox and Snell R? = 0.29; p < 0.01.

via parathyroid hormone (PTH) dependent and in-
dependent mechanisms.

As CKD progresses, the PTH level begins to
rise mostly because of the low levels of 25(0H)D,
which reduces calcium absorption by the gut and
removes the direct inhibitory effect of vitamin D
on the parathyroid gland. Parathyroid hormone
seems to be an important “cardiotoxin”, since
high levels were associated with left ventricular
hypertrophy in uremic patients [30]. Furthermore,
PTH receptors have been identified in the heart,
and in vitro experiments proved that PTH induc-
es hypertrophy of cardiomyocytes [31]. Despite
a higher mean level of PTH in the vitamin D de-
ficiency patients, there was no significant differ-
ence between the studied groups, which could
also explain the lack of difference in the ventricu-
lar septum thickness.

Independently of PTH, vitamin D appears to
have three main protective effects on the cardio-
vascular system: regulation of the inflammatory
process, direct inhibition of cardiac hypertrophy
and myocyte proliferation, and regulation of the

renin-angiotensin system [32]. Evidence from
clinical and animal model studies suggests the
existence of a biphasic cardiovascular effect of vi-
tamin D, in which, similar to the shortage effect,
higher doses predispose to CVD [33]. Rajasree
et al. reported that high levels of 25(0H)D, above
89 ng/ml, were associated with an increased risk
of ischemic heart disease [34]. However, the pa-
tients in our cohort were rather vitamin D defi-
cient and insufficient (Table I).

In our data, the lack of differences with regard
to the majority of traditional cardiovascular risk
factors, except for age and serum alkaline phos-
phatase, could be due to a biunivocal relationship
between CKD and atherosclerosis, as vascular
nephropathies were highly prevalent irrespec-
tive of vitamin D status [35, 36]. An increased
alkaline phosphatase level in CKD patients has
been shown to be an important marker for arte-
rial stiffness, since it was associated with arterial
calcification in various arterial territories: coro-
nary, carotid, aorta and femoral [37, 38]. In the
CKD setting, vascular muscle cells could undergo
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osteoblastic differentiation and express alkaline
phosphatase, which inactivates pyrophosphate
— an endogenous inhibitor of hydroxyapatite for-
mation, the net result being medial arterial calci-
fication [39].

Abnormal CAVI and increased carotid IMT are
independent predictors of CVD morbidity and mor-
tality in CKD patients [40, 41]. In contrast to pre-
vious reports, we found no relationship between
these markers and vitamin D deficiency in our
population. However, these studies used as con-
trols healthy subjects or patients with vitamin D
levels in the normal range [8, 42]. Since more than
90% of our patients were vitamin D deficient or
insufficient, stratification of inadequate levels of
vitamin D in these groups seems to make no dif-
ference in terms of arterial stiffness. Interestingly,
we found a significantly higher calcification score
in the 25(0H)D deficient group, but this relation-
ship was not retained in the regression analysis.
These findings are in line with those of Barreto
et al., who in a similar population found that the
vitamin D effect on cardiovascular mortality is in-
dependent of vascular calcification and stiffness
[21]. Taken together, these results indicate that
vitamin D levels might be differently associated
with the morphologic changes in the arterial wall
depending on the clinical context.

The results of our study suggest that the relation-
ship between low vitamin D and ABI as a marker of
subclinical arterial disease is due to an indepen-
dent effect of vitamin D deficiency on the arteri-
al wall. The vitamin D receptor, which mediates
the actions of vitamin D, has been found to have
a broad tissue distribution, including the cardio-
vascular system (cardiomyocytes, vascular smooth
muscle cells and endothelium) and the immune
system (antigen presenting cells, T cells) [17, 43,
44]. The actions of vitamin D on the arterial wall in-
clude reduction of smooth muscle cell proliferation
and a decrease in vascular inflammation (reduc-
tion of pro-inflammatory cytokines such as inter-
leukin-6 (IL-6) and tumor necrosis factor (TNF)-o;
increased secretion of the anti-inflammatory cy-
tokine IL-10) [45-47]. Moreover, Chitalia et al.
demonstrated an association between abnormal
vascular endothelial function and vitamin D defi-
ciency in non-dialysis CKD patients using brachial
artery flow mediated dilation [48]. Thus, vitamin D
seems to be a key player in the atherosclerotic
process and an important target for treatment in
the context of CKD.

Our study is limited by the relatively small pop-
ulation and the cross-sectional design, which may
impede us in identifying other links between vi-
tamin D deficiency and CV risk factors. Further-
more, our results can only suggest a relationship
between vitamin D status and arterial disease and
not prove causality. Several potentially confound-

ing factors could have influenced our analysis, the
most important being the age difference between
the two groups, diet and sunlight exposure. How-
ever, vitamin D deficiency was associated with
a pathologic ABl independent of age in the logistic
regression model. Moreover, the patients in the
studied groups had similar renal function, which
additionally suggests the independent effect of vi-
tamin D on the arterial wall. Blood pressure com-
parison could have been biased by therapy, since
all of our hypertensive patients had well-con-
trolled blood pressure.

In conclusion, the current study shows a high
prevalence of vitamin D deficiency in non-dialy-
sis CKD patients. Furthermore, our results suggest
an association between low vitamin D status and
subclinical peripheral arterial disease, indepen-
dent of other non- and traditional cardiovascular
risk factors.
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