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Abstract The increased mortality rate observed in
patients with chronic kidney disease is related to the
high prevalence of cardiovascular disease in this
population. Recently, it has been shown that interven-
tional therapy with statins and/or vitamin D could
improve the outcomes of these patients. The aim of this
study was to identify the risk factors for mortality in a
group of patients with chronic kidney disease (stages 4
and 5—pre-dialysis) and verify whether vitamin D and
statins could change the outcome. We included 95
patients (mean age—69.4) with stages 4 and 5 (pre-
dialysis) of our “low-clearance” outpatient clinic,
with an average eGFR of 16.9 ml/min and a mean
follow-up of 24.1 months. Several biological, nutri-
tional, laboratory and inflammatory parameters were
analysed at baseline. Our population was divided into
three groups: G-I, patients not medicated with either
vitamin D or statins; G-II, patients medicated with
either vitamin D or statins; and G-III, patients
medicated with vitamin D and statins. We found
(ANOVA) that the serum levels of pre-albumin
(P = 0.018) and PTH (P = 0.03) were lower in G-I1.
Concerning the inflammatory parameters, G-I showed
higher levels of hsCRP (P = 0.014) and a trend to
higher IL-6 levels (P = 0.077). We found the actuarial
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survival at 30 months (Kaplan—Meier), to be 56.4% in
G-I, 823% in G-I and 100% in G-I (log
rank = 13.08 P = 0.0014). Using the Cox propor-
tional hazards model, we found that the existence of
coronary artery disease (P = 0.0001) and the absence
of medication with vitamin D and/or statins
(P = 0.005) independently influenced the mortality
of our patients. In conclusion, we found, in our study,
that patients under vitamin D and statins (with a
synergistic effect) were less inflamed and showed a
lower mortality rate.
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Introduction

Patients with chronic kidney disease (CKD) have an
high prevalence of cardiovascular disease that yields
a mortality risk 10-20 times superior than that of the
general population [1].

Along the years, several studies showed the co-
existence of classical and non-classical risk factors for
cardiovascular disease in patients with CKD [2-4].
This would explain the excess in cardiovascular events
and mortality risk. Cardioprotection is therefore a
hallmark of CKD pre-dialysis as post-dialysis care.

Among these non-classical risk factors, hyper-
phosphatemia [5], a high calcium x phosphorus
product [6], and secondary hyperparathyroidism [7]
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that lead to vascular calcification, as well as malnu-
trition [8] and inflammation [9] have recently
emerged as important players.

Observational studies on vitamin D administration
in dialysis patients showed a reduction of mortality in
“users” versus “non-users” (both with an oral as well
as with an injectable formulation) and an advantage
of paricalcitol over calcitriol [10, 11]. This benefit
was independent of mineral bone metabolism and
parathyroid hormone levels suggesting the existence
of other pathways of action for vitamin D on the
cardiovascular system. In fact, the vitamin D receptor
is ubiquitous in the human body, and it has been also
identified in the vascular endothelium and in myo-
cytes [12]. Epidemiologic studies showed that vita-
min D deficiency is associated with an increased risk
for cardiovascular diseases, malignancies, chronic
inflammatory and autoimmune diseases [12, 13]. In
fact, calcitriol has been shown to downregulate
plasma renin activity [14], to inhibit myocyte prolif-
eration [15] and to decrease left ventricular hyper-
trophy [16]. Moreover, it has been shown to modulate
inflammation and reduce tubulointerstitial fibrosis in
a model of CKD [17], to slow the progression of
chronic allograft nephropathy [18] and to decrease
proteinuria in CKD [19].

The effect of statins on cardiovascular morbidity
and mortality has been well established in a series of
trials that started with the “4S” trial [20]. This
positive effect of statin therapy was initially attrib-
uted to a cholesterol-lowering effect mediated by the
inhibition of 3-hydroxy-3-methylglutaryl coenzyme
(BHMGCo) A reductase [21]. However, in some of
those trials, there was a discrepancy between the
magnitudes of cholesterol concentration reduction
and the reduction of mortality, indicating that other
pathways beyond the inhibition of the 3HMGCoA
reductase existed. In fact, more recently, statins were
shown to have anticoagulant, anti-inflammatory and
anti-oxidant properties [22].

The aim of our study was to evaluate the effect of
therapy with vitamin D and statins on the survival of
patients with stage 4 and 5 CKD.

Subjects and methods

This is an observational and prospective study
conducted at Servico de Nefrologia of Hospital de
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Faro, Portugal. The study received the approval of the
local ethical committee.

We included patients with CKD stages 4 and 5
(according to the National Kidney Foundation
classification) [23] followed at our Low-Clearance
outpatient clinic. The inclusion criterion was an
estimated glomerular filtration rate (eGFR) less
than 30 ml/min/1.73 m?> (Modification of Diet in
Renal Disease equation [24]). Exclusion criteria
included the presence of clinical signs of infection,
malignancy, psychiatric disease or chronic liver
disease.

A clinical history and a physical examination
were performed, and all medications were regis-
tered at baseline and during the follow-up period.
The following visits were done every 2-3 months
or depending on the patients’ necessities. During
those visits, a clinical examination and laboratory
analysis were made and the medication was
adjusted according to the findings. Several clinical,
laboratory and inflammatory parameters were con-
sidered including gender, age, presence of diabetic
nephropathy (DN), hypertension, medication with
angiotensin converting enzyme inhibitors (ACEIs)
and angiotensin receptor blockers (ARBs), coronary
artery disease (CAD), eGFR, serum haemoglobin
(Hb), creatinine, blood urea nitrogen (BUN), uric
acid, albumin, pre-albumin, cholesterol (total and
HDL), triglycerides, uric acid, calcium (Ca), phos-
phate (Pi), Ca x Pi, intact parathormone (iPTH),
interleukin-6 (IL-6) and high sensitivity C-reactive
protein (hs-CRP). eGFR was calculated using the
MDRD equation [24].

Hypertension was considered to be present when
the sitting blood pressure (BP) was >140/90 mmHg
or when, regardless of BP values, the patient was
under antihypertensive therapy. CAD was defined by
a history of classical exertional angina, myocardial
infarction, coronary percutaneous angioplasty or by-
pass grafting. Asymptomatic coronary disease was
also considered whenever there was a positive result
for coronary disease on a treadmill stress test,
echocardiography, myocardial scintigraphy or
coronariography.

Nutritional status was assessed by the body mass
index (kg/m?) and the subjective global assessment
(SGA) [25]. The patients were medicated with
vitamin D analogues or statins according to the
KDOQI Guidelines [26, 27].
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Plasma, collected using heparin as anticoagulant,
was separated (within 30 min of drawing) and stored
at —80°C until analysis for the measurements of CRP
(chemiluminescent immunometric assay—Immulite®
2000 High Sensitivity CRP) and IL-6 (solid-phase,
enzyme labelled, chemiluminescent sequential im-
munometric assay—Immulite®). During follow-up,
we aimed at keeping the haemoglobin levels between
11 and 13 g/dl, using once-weekly subcutaneous
darbepoetin alpha.

Our population was first divided into three groups:
G-I, patients not medicated with either vitamin D or
statins; G-II, patients medicated with either vitamin D
or statins; and G-III, patients medicated with statins
and vitamin D. These three groups were compared
regarding the parameters described above and also
regarding the 30-months actuarial survival. Secondly,
the whole population was divided into two other
groups: survivors (S) and non-survivors (NS). Sim-
ilarly, these two groups were compared regarding the
several parameters already described. Finally, we
tried to identify the risk factors for mortality in our
population. The patients were followed for 3 years or
until death even if it occurred after the beginning of
renal replacement therapy.

Statistical analysis

For comparisons between groups, ANOVA test,
Student’s #-test and chi-square test were used. Cox
proportional hazards regression was used to assess
the effects of individual factors on mortality, con-
trolling for differences in other factors possibly
affecting for mortality. The 95% CI for the hazard
ratio is expressed. Several independent variables
were used. As continuous variables, we used age,
eGFR, BMI, SGA, albumin, Ca x Pi and Hb. As
categorical variables, we used gender, the presence of
DN (yes/no), the presence of CAD (yes/no) and
therapy with vitamin D or statins (none/vitamin D or
statin/both). We used the Kaplan—-Meier method to
evaluate the influence of vitamin D and statins on
survival and to assess the 30-months survival of the
three groups.

SPSS 11.0 for Windows (SPSS, Inc., Chicago, IL)
was used to perform the statistical analysis. Data are
expressed as means &£ SDs. The null hypothesis was
rejected below the 5% level.

Results

We evaluated 95 patients (41 women and 54 men)
with a mean age of 69.4 £ 14.6 (age range 25-96)
and a mean eGFR of 16.1 ml/min/1.73 m?. The mean
follow-up was 24.1 £ 9.8 months. Original disease
was unknown in 24.2% (n = 23); diabetic nephrop-
athy was present in 31.5% (n = 30), hypertensive
renal disease in 20% (n = 19), chronic interstitial
disease in 15.8% (n = 15), chronic glomerulonephri-
tis in 5.3% (n = 5) and polycystic kidney disease in
3.2% (n = 3) of patients. The prevalence of hyper-
tension in our population was 80% (76 patients) with
55.8% (53 patients) under ACEIs and/or ARBs
therapy. The mean Hb level was 11.6 £+ 1.6 g/dl
with a darbepoetin mean dose of 0.467 pg/kg/week.

Oral vitamin D (alfacalcidol or calcitriol) daily
dose ranged from 0.25 to 1.0 pg with a median of
0.5 pg. Statins (simvastatin or pravastatin) daily
dose ranged from 20 to 40 mg with a median dose
of 20 mg/day. In our population, the majority
(54.7%) of the patients were under statin and/or
vitamin D (G-II and G-III) therapy with 18.9% of
patients taking both medications (Table 1). Table 1
also shows the comparison between the three groups
of patients according to therapy with vitamin D and
statins. The serum levels of pre-albumin, iPTH and
hs-CRP were significantly lower in patients under
therapy (G-II and G-III) when compared to those
without (G-I). Total cholesterol and IL-6 levels were
also lower, though not significantly, in those groups.
Furthermore, these effects were maximal in G-III
(patients on double therapy). No other differences
were observed between G-I, G-II and G-III. At the
end of this study, 66.3% of the patients were still
alive and regarding the actuarial survival at
30 months, patients under double therapy presented
the highest survival rate (Fig. 1): G-1 = 56.4%; G-
II =823% and G-1II = 100% (log rank = 13.08,
P = 0.0014).

We also compared, regarding the several param-
eters evaluated at baseline, patients who were still
alive at the end of the follow-up with those who died
(Table 2). The use of vitamin D and statins was more
common among survivors than in non-survivors.
Non-survivors were also older and had a higher
prevalence of cardiovascular atherosclerotic disease,
as evidenced by a higher prevalence of CAD. This
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Table 1 Demographic, clinical and laboratorial parameters according to medication groups: G-I—patients not medicated with
statins or vitamin D, G-II—patients medicated with statins or vitamin D, G-IIl—patients medicated with statins and vitamin D

G-I (n = 43) G-I (n = 34) G-I (n = 18) P
Age (years) 71.3 £ 14.5 68.9 + 15.6 65.7 £ 11.6 NS
Gender (female/male) 21/22 12/27 8/10 NS
DN (yes/no) 17/26 9/25 8/10 NS
CAD (yes/no) 11/32 10/24 3/15 NS
eGFR (ml/min) 16.6 = 5.0 158 £ 5.1 154 £ 5.1 NS
BUN (mg/dl) 70 £ 29 72 £+ 28 83 £ 21 NS
Hb (g/dl) 11.6 £ 1.9 11.7 £ 1.3 11.6 £ 1.6 NS
Darbepoetin (pg/kg/week) 0.48 £ 0.52 0.44 £+ 0.49 0.48 £+ 0.31 NS
Uric acid (mg/dl) 85 +£27 8.3 £ 2.12 84 £ 25 NS
Albumin (mg/dl) 42+ 0.5 42+ 04 43+ 0.5 NS
Pre-albumin (mg/dl) 28.9 £+ 8.5 316 £75 36 £9.7 0.018
Calcium (mg/dl) 9.6 £ 1.2 9.9 £ 0.7 9.9 £ 0.6 NS
Phosphate (mg/dl) 46 £ 1.5 49 £ 1.6 48 £1.0 NS
Ca x Pi (mg?/dl*) 45+ 15 49 + 17 48 + 10 NS
iPTH (pg/ml) 267 £+ 193 358 £ 310 511 &+ 329 0.03
Total cholesterol (mg/dl) 197 £+ 47 212 £+ 47 235 £ 72 0.065
Triglycerides (mg/dl) 135 + 60 170 + 104 170 £ 102 NS
BMI (kg/mz) 238 £5.7 249 £+ 3.5 259 £ 4.6 NS
SGA score 13.2 £ 3.8 114 £ 32 11.3 £ 3.6 NS
hs-CPR (pg/ml) 2.10 + 3.6 0.76 + 0.78 0.32 + 0.29 0.014
IL-6 (pg/ml) 6.8 £ 7.1 47+ 35 37+ 14 0.077
100 — G Il - 100 % Discussion

. gg GIl-823%

&2 70 G1-56.4% The increased prevalence of cardiovascular disease in
S gg patients with CKD is responsible for the excess
; gg mortality observed in this population [1, 28, 29].
@ 2 Classical and non-classical cardiovascular risk factors

13 have been identified as targets for intervention [2—4].

NN
Time (months)

Fig. 1 Actuarial survival curve

group also showed a worse nutritional status (higher
SGA score) and more inflammation (higher hs-CRP
and IL-6 levels).

Using the Cox proportional hazards model, we
found that CAD (P = 0.0001) and the absence of
vitamin D and/or statin therapy (P = 0.005) were
independent risk factors of mortality. The age of the
patients, in our study, only showed a trend to
influence the mortality (P = 0.081) (Table 3).
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Recently, several studies revealed the benefit of
vitamin D therapy on survival of haemodialysis
patients [10, 11]. On the other hand, observational
studies analysing the effect of statin therapy on
haemodialysis patients pointed towards an improve-
ment on survival, in accordance with the results of
trials from the general population [20, 30, 31].
However, the results of randomized controlled stud-
ies in renal patients are controversial. The “4D”
study (atorvastatin) failed to show a significant
benefit of statin therapy on survival of haemodialysis
diabetic patients [32]. On the other hand, Tonelli
et al. [33] have shown a decrease in the incidence of
major coronary events, but not in mortality, with
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Table 2 Patient’s demographic, clinical and laboratorial
parameters according to outcome groups: S—survivors, NS—
non-survivors

S(n=63) NS j2
(n = 32)

Age (years) 62.2 £ 149 757 £ 11.1 0.002

Gender (female/male) 28/35 13/19 NS

eGFR (ml/min) 164+ 6.7 155+7.7 NS

Diabetic nephropathy 20/43 10722 NS
(yes/no)

Hypertension (yes/no) 50/13 26/6 NS

ACEIs and/or ARBs (yes/ 35/28 18/14 NS
no)

CAD (yes/no) 8/55 16/16 0.0001

Vitamin D (yes/no) 32/31 8/24 0.016

Statins (yes/no) 26/38 4/28 0.004

BMI (kg/m?) 252+49 235+45 NS

SGA score 11.8 £35 13.1+£38 0.09
BUN (mg/dl) 74 £ 27 72 £ 29 NS
Uric acid (mg/dl) 83+26 86x25 NS
Hb (g/dl) 11615 11.6£19 NS

Darbepoetin (png/kg/week) 0.48 £ 0.52 0.44 + 0.49 NS

Calcium (gm/dl) 99+07 94+13 0016
Phosphate (mg/dl) 49 +£16 45+12 NS
Ca x Pi (mg%/dI?) 49 + 16 43 + 11 NS

iPTH (pg/ml)
Albumin (g/dl)
Pre-albumin (mg/dl)

355 +£294 309 £235 NS
43+£05 41+£05 NS
321 £83 293+92 NS

Total cholesterol (mg/dl) 211 £+ 57 208 + 48 NS
HDL cholesterol (mg/dl) 51 &+ 18 55 + 23 NS
Triglycerides (mg/dl) 152 £ 73 161 £ 117 NS

hs-CPR (pg/ml)
IL-6 (pg/ml)

046 £ 048 29 £39 0.0001
44+£30 76x£78 0.005

pravastatin in patients with chronic kidney disease
and not in dialysis. Recently, the AURORA study
[34], a large prospective randomized double-blinded
controlled trial, did not show any benefit of rosu-
vastatin over placebo on the survival of haemodial-
ysis patients. In spite of this, statins have lowered the
LDL cholesterol and decreased inflammation; there
were no differences regarding the several cardiovas-
cular endpoints between the groups under observation.
One possible explanation was that almost 30-40% of
those patients were already under statin therapy at the
start of the study. We must also realize that cardio-
vascular disease in renal patients has a complex

physiopathology, and other players, such as the
mineral metabolism must be taken into consideration.
In our study, 33.6% of patients with CKD died. As
expected, the major cause of death (50%) was
cardiovascular disease (cardiac and cerebrovascular).
Patients who died were older, presented a higher
prevalence of atherosclerotic cardiovascular disease,
a worse nutritional status and higher inflammatory
parameters. All of these parameters have already
been associated with higher mortality rates in patients
with CKD [8, 35-38]. Finally, in the survivors group,
there was a higher proportion of patients under
vitamin D and statins, already pointing out to a clear
benefit of these therapies.

In fact, in our population, the majority of patients
(54.7%) were under therapy with vitamin D and/or a
statin. These patients presented lower levels of
inflammatory markers (hs-CRP, IL-6), and this effect
was maximal in patients under therapy with both
drugs. Several studies in different populations have
already shown that statins [39, 40] and vitamin D [41,
42] lowered inflammatory markers.

Similarly to other reports in literature [10, 11, 20,
30, 31, 43], in our study, patients under therapy with
a statin and/or vitamin D had a better survival. Once
again, patients under combined therapy showed the
maximal benefit.

Furthermore, when risk factors for mortality were
analysed, only the absence of vitamin D/statin
therapy emerged as an independent factor, besides
the already expected presence of CAD. Concerning
the factor age, in our study, we found only a trend to
influence the mortality. This can be explained by the
high mean age of the sample and/or by the low
number of patients included in the study.

We think that the beneficial effect of improved
survival in our patients with CKD was mediated by a
synergistic reduction in inflammation induced by
statins and vitamin D. The mechanism behind this
interplay has not yet been well elucidated. The
hypothesis that statins could be vitamin D analogues
exerting their effect through the vitamin D receptor
generated much controversy, but some authors
thought it deserved further investigation [44]. Very
recently, atorvastatin was shown to increase the
levels of vitamin D in patients with ischaemic heart
disease [45], and the benefit of vitamin D analogues
on the survival of pre-dialysis CKD patients was also
reported [46].
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Table 3 Independent risk factors for mortality in the Cox proportional hazard model

B Wald P Exp (f) Upper limit Lower limit
Gender —0.201 0.261 0.609 0.818 0.379 1.765
Age 0.036 3.046 0.081 1.306 0.996 1.079
GFR —0.024 0.395 0.530 0.977 0.907 1.051
DN 0.187 0.138 0.710 1.205 0.450 3.226
CAD 1.461 12.627 0.0001 4311 1.926 9.652
BMI —0.007 0.011 0.917 0.993 0.878 1.124
SGA —0.032 0.138 0.710 0.968 0.817 1.148
Albumin —0.468 0.932 0.334 0.626 0.242 1.619
Ca x Pi 0.004 0.045 0.832 1.004 0.971 1.037
Hb 0.048 0.144 0.705 1.049 0.848 1.345
Statin/vitamin D —0.944 8.017 0.005 0.389 0.202 0.748

Notwithstanding, we are not aware of any other
study reporting a synergistic benefit of therapy with
vitamin D and statin on the survival of patients with
pre-dialysis stages 4/5 CKD. Further studies involv-
ing a larger number of patients with a stronger
methodology are needed to confirm our results.
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