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Abstract

Background

End stage renal disease (ESRD) patients on renal replacement therapy (RRT) with diabetes

mellitus (DM) have a higher mortality rate and an increase prevalence of vitamin D deficien-

cy compared to those without DM. It is still debated if vitamin D deficiency is a risk factor or a

prognostic marker for mortality in these patients. This study investigated the prevalence of

vitamin D deficiency and its impact on all-cause mortality in HD patients with DM.

Methods

Our prospective non-interventional cohort study included 600 patients on hemodialysis ther-

apy (HD) (median aged 56, interquartile range (19) years, 332 (55.3%) males) recruited

from 7 HD centers, from all main geographical regions of Romania. The prevalence of DM

was 15.3%. They were then followed regarding: dialysis duration, dialysis efficiency, renal

anemia, CKD-MBD, inflammatory status and comorbidities: coronary artery disease (CAD),

peripheral vascular disease (PVD) and stroke. The deficiency of 25-OH vitamin D was de-

fined as a value lower than12 ng/mL.

Results

Patients were followed for 3 years. The overall 3 year mortality was 25.5% (153 individuals),

being higher in patients with DM as compared to those without DM (33.7% vs. 24.0%; P =

0.049). The time-related prognosis was also influenced by the presence of DM, at the
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survival analysis resulting in a HR of 1.52 [1.03 to 2.26] 95% CI, P = 0.037, for death in dia-

lyzed patients with DM. In DM patients, 25-OH vitamin D deficiency was significantly higher

(37.0% compared to 24.0%, P = 0.009). Furthermore, in patients with DM we observed a

shorter dialysis duration (2 vs. 3 years, P<0.001) and a lower intact parathyroid hormone

(iPTH) (258.0 pg/ml vs. 441.9 pg/ml, P = 0.002). Regarding the presence of comorbidities at

the inclusion in the study, the presence of diabetes in dialyzed patients was associated

with increased prevalence of CAD (87.0% vs. 58.1%, P<0.001), PVD (67.4% vs. 17.3%,

P<0.001) and history of stroke (29.3% vs. 14.0%, P<0.001). In patients with DM the pres-

ence of 25-OH vitamin D deficiency increased the probability of death (50.0% vs. 24.1%;

P = 0.011). In multiple Cox proportional hazards analysis, vitamin D deficiency remained an

independent predictor for mortality in dialysis patients with DM (HR = 1.71, 95% CI 1.21 to

2.43, P = 0.003). In the same time, multiple Cox proportional hazards analysis showed that

age (HR = 1.02 per one year increase, P = 0.004), CAD (HR = 1.55, P = 0.046) and PVD

(HR = 1.50, P = 0.029) were independent predictors for mortality in dialysis patients with

DM.

Conclusions

ESRD patients with DM treated with HD have a higher overall mortality than non-DM pa-

tients. Vitamin D deficiency is significantly more prevalent in HD patients with DM. Low 25-

OH vitamin D levels were associated with increased all-cause mortality in these patients.

According to our data, in HD patients with DM, screening for vitamin D deficiency (and its

correction) should be mandatory for an optimal risk reduction strategy.

Introduction
The number of end stage renal disease (ESRD) patients on renal replacement therapy (RRT) is
increasing all over the world, diabetes mellitus (DM) being the leading cause. In the last decade
the prevalence of ESRD attributed to diabetic kidney disease (DKD) increased 2.5 fold [1, 2].
On the other hand, ESRD patients treated with hemodialysis (HD) have a 7 fold higher mortal-
ity rate as compared to the general population and in ESRD-DM population the mortality in-
creases even more. According to 2013 USRDS data only 50% of the ESRD-DM patients on HD
are surviving at 3 years and only 30% are alive at 5 years of therapy [1]. Increased prevalence of
traditional cardiovascular disease (CVD) risk factors in ESRD patients and CVDmortality do
not entirely explain the very high all-cause mortality rate of these patients. It is well established
that in CKD patients, the Framingham risk equation, which estimated cardiovascular disease
risk based on traditional risk factors (i.e. age, gender, diabetic status, smoking status, serum
total cholesterol level, systolic blood pressure, and left ventricular hypertrophy by electrocardi-
ography) is insufficient to predict all of the cardiovascular disease risk in CKD patients [3, 4,5].

Chronic kidney disease related mineral bone disorder (CKD-MBD), (i.e. anomalies of calci-
um, phosphate, intact parathyroid hormone (iPTH), vitamin D, vascular and heart valve calci-
fications) was lately also related to the high mortality rate. In the general population and in
CKD patients vitamin D deficiency was associated with elevated cardiovascular (CV) morbidi-
ty, mortality and all-cause mortality [6,7].The prevalence of vitamin D anomalies is increased
both in the general population and even more in CKD patients (25-OH vitamin D is consid-
ered the standardized biomarker for vitamin D status and typically, vitamin D deficiency is
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defined as circulating 25—OH vitamin D levels<25 nmol/L, respectively vitamin D insufficien-
cy is defined as circulating 25—OH vitamin D levels between 25 to 50 nmol/L, (to convert to
ng/ml, divide by 2.496) [6, 7, 8, 9]. In patients with CKD stage 5 on dialysis, the prevalence of
vitamin D anomalies may go up to 90% [10] and is associated with increased arterial stiffness
[11], increased prevalence of vascular calcifications [12], stroke [13], LVH [14] and increased
risk of all cause and cardiovascular mortality [13].

It seems that the prevalence of vitamin D anomalies is even higher in DKD [15, 16]. The
low vitamin D levels are associated with increased mortality in patients with mild or moderate-
ly reduced kidney function in both type 1 and 2 DM [17, 18]. Less data are available about
ESRD-DM patients treated with HD and vitamin D deficiency [13]. The aim of the present
study was to assess the prevalence of vitamin D deficiency and its relationship with risk of all-
cause mortality in HD patients with DM.

Materials and Methods
In November 2010, 600 ESRD patients (332 men and 268 women) treated with HD in 7 centers
from Romania were enrolled in this prospective, observational study. At inclusion, patient’s
data have been retrieved from their medical records: personal data (age, gender), medical histo-
ry (etiology of CKD, coronary artery disease—CAD, peripheral vascular disease—PVD, stroke,
DM), dialysis related data (duration of dialysis therapy, previous 6 months average eKt/V, du-
ration and number of dialysis sessions/week, type of dialyzer, Qb), anthropometric data
(height, weight, body mass index-BMI).The initial laboratory work-up included: hemoglobin,
ferritin, transferrin saturation (TSAT), C-reactive protein (CRP), albumin, Ca, PO4, calcium-
phosphate product (CaxPO4), HCO3-, iPTH, alkaline phosphatase (ALP), 25-OH vitamin D,
alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection. Patients were treated with high flux, high sur-
face, polysulfone (Xevonta) filters (not reused) and ready-to-use dialysis fluid (B. Braun acidic
bicarbonate hemodialysis concentrate). Renal anemia and CKD- MBD was treated according
to the KDIGO guidelines. The patients were followed-up three years after their enrollment or
death. No patient was lost to follow-up.

25-OH vitamin D was measured only once at initial evaluation by chemiluminescente im-
munoassay with an inter assay coefficient of variation of 5.5–9.2% from blood samples drawn
in November, before the start of dialysis session. We couldn’t use the liquid chromatography
method which is considered the gold standard techniques for circulating levels of vitamin D as-
sessment. Actually, there is still no consensus about the cut-off values for 25-OH vitamin D de-
ficiency. According to The Institute of Medicine (IOM) vitamin D deficiency was defined as
25-OH vitamin D levels below 12 ng/ml [19]. The IOM commitee suggests that people are at
risk of deficiency related to bone health at serum 25-OH vitamin D levels of below 30 nmol/L
(12 ng/mL) [19]. It seems that IOM cut-off for vitamin D deficiency is also appropriate for
mortality prediction [20]]. On the other hand, Holick et al. have suggested that vitamin D defi-
ciency should be defined as 25-OH vitamin D below 20 ng/ml [21]. Using higher than appro-
priate cut-off levels for serum 25-OH vitamin D would artificially increase the estimates of the
prevalence of vitamin D deficiency [19]. Therefore, in the present study we considered for
25-OH vitamin D deficiency, the cut-off values proposed by, IOM respectively 25-OH vitamin
D levels below 12 ng/ml [19]. At the baseline of the present study, all the patients were screened
for diabetes. A dialysis patient was considered to have DM if diabetic nephropathy was the pri-
mary cause of ESRD, or if diabetes was present as co-morbidity. Those patients who developed
DM over the follow-up period of 3 years, were not included in the DM group and continued to
be part of the non-DM group.
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Statistical analysis
Data were collected and analyzed using the SPSS v.17 software suite (SPSS Inc. Chicago, IL,
USA) and are presented as mean ± standard deviations for continuous variables with Gaussian
distribution, median (interquartile range) for continuous variables without Gaussian distribu-
tion, or percentages for categorical variables. The lower and upper limits of the 95% confidence
intervals (CI), used to estimate the prevalence, were calculated according to Wilson’s procedure
for variables with Poisson distribution. Moreover, the 95% CI for odds ratio (OR) was calculat-
ed according to the mid-p method for binomial distributions. Survival was analyzed with Haz-
ard Ratio (HR) method and presented using Kaplan-Meier diagrams. To assess the significance
of the differences between groups, the Student t-test (means, Gaussian populations), Mann-
Whitney-U test (medians, non-Gaussian populations), Chi-square (proportions) and log-rank
test (differences between survival curves and hazard ratio) were used. Continuous variable dis-
tributions were tested for normality using Shapiro-Wilk test, and for equality of variances
using Levene’s test. For evaluating the involvement of more confounding factors in dichoto-
mous outcomes, multivariate logistic regression models were built, their goodness of fit being
evaluated using Hosmer-Lemeshov method. For evaluating the involvement of more con-
founding factors in time-related risk, Cox proportional-hazards models were built. A p value of
<0.05 was considered as the threshold for statistical significance.

The studied group baseline characteristics are presented in Table 1.
The studied group was divided in three cohorts according to the presence of diabetes and re-

spectively to the deficiency of 25-OH vitamin D as following: dialyzed patients without diabe-
tes, with DM and normal 25-OH vitamin D and patients with DM and 25-OH vitamin
D deficiency.

Ethics statement
The study was approved by the BBraun Avitum Ltd Romania Ethical Committee (Board of
Human Studies) and every patient provided written informed consent before enrolment.

Results
The prevalence of DM in the studied cohort was 15.3% (92 patients). The patients who devel-
oped DM after enrollment in this study continued to be included in non-DM group. The

Table 1. Baseline characteristics of the studied group.

Studied parameter Result

Men (%) 332 [55.3%)

Age (years)a 56 (19)

Time from first hemodialysis session (years)a 2.8 (5)

Weekly hemodialysis time (hours)a 12 (3)

eKt/Vb 1.35 ± 0.46

BMI (kg/ m2) b 25.4 ± 4.8 kg/m2

CAD (%) 375 (62.5%)

PVD (%) 150 (25.1%)

Stroke (%) 98 (16.3%)

Diabetes Mellitus (%) 92 (15.3%)

a Distributions are not Gaussian. Data is presented as median and [interquartile range]
b Data is presented as mean±SD

BMI—body mass index; CAD-Coronary artery disease; PVD—Peripheral vascular disease

doi:10.1371/journal.pone.0126586.t001
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reason for this decision was the fact that very short time from DM onset could not significantly
alter mortality results, being well-established that duration of diabetes represents one factor that
plays an important role in determining the risk of death in people with diabetes [22]. Vitamin D
deficiency was identified in 37.0% of the DM patients ([25.6% to 51.6%] 95% CI), being sig-
nificantly more prevalent as compared to non- diabetics 24.0% ([19.9% to 28.7%] 95%CI),
(p = 0.009). DM patients had a shorter HD duration (2 vs. 3 years, p<0.001), lower iPTH (258.0
vs. 441.9 pg/ml, p = 0.002) and 25-OH vitamin D levels (median value: 15.0 vs. 21.0 ng/ml,
p = 0.001). Marginally significant differences were observed for age (59 vs. 56 years, p = 0.078),
albumin (3.7 vs. 3.9 g/dL, p = 0.052) and BMI (26.3 vs. 25.3 kg/m2, p = 0.079). The other studied
parameters, did not significantly differ in the two groups. (Table 2).

Patients with DM treated with HD presented a significantly higher prevalence of CAD
(87.0% vs. 58.1%, p<0.001), of PVD (67.4% vs. 17.3%, p<0.001) and history of stroke (29.3%
vs. 14.0%, p<0.001). The prevalence of hepatitis B and C virus infection did not significantly
differ in the two groups. There were also no differences between the groups regarding anemia
therapy (erythropoietin stimulating agents, and iron) and CKD-MBD treatment (paricalcitol,
vitamin D3, use and type of phosphate binders).

According to our model, the presence of DM was associated with vitamin D deficiency,
however it is known that several other factors, also associated with DMmight be involved in
generating the observed vitamin D deficiency, like the presence of obesity, higher age or the
presence of other comorbidities, like CAD or PVD. To analyze if the DM is also an indepen-
dent factor involved in generating the vitamin D deficiency, we created a multivariate logistic

Table 2. Comparison between DM and no DM groups.

Parameter Without DM (n = 508) With DM (n = 92) p

Age (years) a 56 [17] 59 [13] 0.078

Dialysis duration (years) a 3 [5] 2 [2] <0.001*

Weekly dialysis time (hours) a 12 [1.5] 12 [1.6] 0.064

eKtV b 1.35 ± 0.46 1.32 ± 0.46 0.58

BMI (kg/m2) b 25.3 ± 4.9 26.3 ± 4.8 0.079

Hemoglobin (g/dL) b 11.2 ± 1.6 11.3 ± 1.5 0.55

Ferritin (ng/mL) a 549.5 [514.3] 498.0 [422.0] 0.165

TSAT (%)a 19.0 [29.7] 15.0 [33.3] 0.297

hsCRP (mg/dL)a 2.0 [4.0] 2.0 [6.0] 0.096

Albumin (g/dL) b 3.9 ± 0.7 3.7 ± 0.7 0.052

Ca (mg/dL) b 8.5 ± 1.1 8.4 ± 0.9 0.433

PO4 (mg/dL) b 5.7 ± 1.7 5.6 ± 1.7 0.480

CaxPO4(mg2/dl2) b 48.9 ± 15.5 47.4 ± 14.4 0.957

HCO3(mmol/L) b 19.3 ± 4.4 20.2 ± 4.4 0.099

iPTH (pg/ml) a 441.9 [663.0] 258.0 [476.3] 0.002*

25-OH vitamin D (ng/ml) a 21.0 [21.0] 15.0 [16.5] 0.001*

ALP a 96.5 [63.3] 99.5 [73.5] 0.799

Calcitriol supplementation (%) c 120 (23.6%) 58 (26.1%) <0.001*

*Differences are significant
a Distributions are not Gaussian. Data is presented as median and [interquartile range]
b Data is presented as mean±SD
c Data is presented as number and (percentage of total). p was calculated using chi-square test.

BMI—body mass index; ALP—alkaline phosphatase, TSAT- transferrin saturation, hsCRP-high sensitive C-reactive protein

doi:10.1371/journal.pone.0126586.t002
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regression model having as outcome the vitamin D deficiency and as predictors the age, BMI,
presence of DM, CAD and PVD. The results of the model are presented in Table 3.

According to the results of our model the presence of DM along with age and the presence
of CAD were significant factors which acted independently in generating vitamin D deficiency
in our studied cohort, even after correcting for other possible confounding factors.

In our cohort of patients the overall mortality in the three years of follow up was 25.5% (153
individuals), being higher in patients with DM (33.7% vs. 24.0%; p = 0.049). The time-related
prognosis was also influenced by the presence of DM. The survival analysis revealed a Hazard
Ratio (HR) of 1.52, [1.03 to 2.26]95%CI, p = 0.037 for death in dialyzed patients with DM com-
pared to non-diabetics, (Fig 1).

The results of comparative evaluation of subgroup of DM patients without 25-OH vitamin
D deficiency versus subgroup of patients with 25-OH vitamin D deficiency, are presented in
Table 4.

Table 3. Multivariate logistic regression model.

Predictor B Exp (β) p

Age (years) a 0.023 1.023 0.004*

BMI (kg/m2) a -0.009 0.991 0.678

DM (dichotomous) b 0.254 1.289 0.037*

CAD (dichotomous) b 0.613 1.848 0.010*

PVD (dichotomous) b 0.151 0.092 0.535

* Factors with independent impact in generating vitamin D deficiency, after adjusting for

confounding factors
a Predictors were added in the model as continuous, scale measured variables
b Predictors were added in the model as dichotomous variables

BMI—body mass index; CAD—Coronary artery disease; DM—diabetes mellitus; PVD—Peripheral

vascular disease

doi:10.1371/journal.pone.0126586.t003

Fig 1. Survival analysis: dialyzed patients with DM vs. without DM.

doi:10.1371/journal.pone.0126586.g001
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The presence of DM in dialyzed patient was associated with an increase prevalence of
25-OH vitamin D deficiency (37.0% vs. 24.0%; p = 0.009). The patients with DM and 25-OH
vitamin D deficiency had an increased probability to die in the three years of follow-up (50.0%
vs. 24.1%; p = 0.011). The survival analysis revealed a worsening prognosis associated with vita-
min D deficiency—HR = 2.71, [1.34 to 5.52]95%CI; p = 0.006, (Fig 2).

In order to assess the involvement of multiple factors in the 3 years risk of death for dialyzed
patients with DM, a multiple, backward conditional (stepwise, acceptance threshold p<0.1, ex-
clusion threshold p>0.2) Cox proportional hazards model was built, having the following co-
factors: age, dialysis duration, BMI, Hemoglobin, serum albumin concentration, 25-OH vita-
min D levels, the presence of associated co-morbidities (DM, stroke, CAD and PVD) and infec-
tion with any of the B and C hepatic viruses. The stepwise algorithm in the Cox model
accepted the following predictors: age, BMI, 25-OH vitamin D deficiency (dichotomous), CAD
(dichotomous) and PVD (dichotomous). The resulted model revealed significant influence on
the risk of death in the 3 years of follow-up for 25-OH vitamin D deficiency (HR = 1.71,
p = 0.003), age (HR = 1.02 per one year increase, p = 0.004), CAD (HR = 1.55, p = 0.046) and
PVD (HR = 1.50, p = 0.029). The results of the accepted model are presented in Table 5.

Table 4. Comparison between patients with T2DMwithout vs. with 25-OH vitamin D deficiency.

Parameter Without cholecalciferol deficiency (n = 58) With cholecalciferol deficiency (n = 34) p

Age (years) a 58 [15] 61 [10] 0.092

Dialysis duration (years) a 2 [2.8] 1 [3.1] 0.066

Weekly dialysis time (hours) a 12 [4] 12 [0.5] 0.157

eKtV b 1.31 ± 0.44 1.35 ± 0.50 0.701

BMI (kg/m2) b 26.3 ± 4.7 26.4 ± 5.0 0.925

Hemoglobin (g/dL) b 11.5 ± 1.4 11.0 ± 1.8 0.090

Ferritin (ng/mL) a 478.5 [309] 625 [557] 0.214

TSAT (%)a 16 [33.8] 15.0 [32.0] 0.401

hsCRP (mg/dL)a 2.0 [5.0] 3.5 [13.0] 0.273

Albumin (g/dL) b 3.85 ± 0.75 3.56 ± 0.70 0.073

Ca (mg/dL) b 8.41 ± 0.87 8.54 ± 1.12 0.524

PO4 (mg/dL) b 5.73 ± 1.76 5.33 ± 1.66 0.294

CaxPO4 b 48.7 ± 15.2 45.3 ± 13.0 0.274

HCO3 b 20.6 ± 3.9 19.4 ± 5.1 0.209

iPTH a 261.4 [491.1] 227.5 [356.3] 0.502

ALP a 101 [70] 91 [75] 0.900

PTX (%) c 2 (3.4%) 2 (5.9%) 0.581

FAV (%) c 46 (79.3%) 26 (76.5%) 0.750

Mortality (%)c 14 (24.1%) 17(50.0%) 0.011*

Calcitriol supplementation (%) c 12 (20.7%) 12 (35.3%) 0.124

*Differences are significant
a Distributions are not Gaussian. Data is presented as median and [interquartile range]; p was calculated with Mann-Whitney U test.
b Data is presented as mean±S; p was calculated with t-student test.
c Data is presented as number and (percentage of total). p was calculated using chi-square test.

Continuous variables distributions were tested for normality using Shapiro-Wilk test and for equality of variances with Levene’s test.

doi:10.1371/journal.pone.0126586.t004
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Discussion
According to our knowledge this paper is the first East European study evidencing the fact that
HD patients with DM have high prevalence of vitamin D deficiency associated with an impor-
tant burden of mortality.

At enrolment the prevalence of DM was 15.3% (being less than the recently published prev-
alence for The East European countries in the COSMOS study—24.1%) [23]. (In the 3 years of
follow-up, the prevalence increased to 22.2%). The 3 years mortality in our cohort was very low
as compared to The ERA-EDTA data [24], probably related to the low median age of the inves-
tigated cohort, being higher in patients with DM. The mortality risk was also significantly
higher in the DM group. Similar results have been published in the DOPPS study on Japanese
patients [25] and in the NECOSAD and HEMO studies [26, 27]. Moreover, Schroijen found
similar mortality risk in HD patients from NECOSAD having diabetic nephropathy as primary
disease as well as in those having DM as co-morbid condition. The mortality risk seems to be
also increased in the peritoneal dialysis DM patients as compared to no DM ones [28].

Fig 2. Survival analysis in dialyzed patients with DM.

doi:10.1371/journal.pone.0126586.g002

Table 5. Predictors accepted in the Cox proportional-hazards model.

Predictor B Wald Hazard Ratio [95% CI] p

Age (per one year) 0.02 8.210 1.02 [1.01–1.03] 0.004 *

BMI (per 1 kg/m2) -0.034 3.076 0.97 [0.93–1.01] 0.079

25-OH vitamin D deficiency 0.538 9.075 1.71 [1.21–2.43] 0.003 *

CAD 0.441 3.762 1.55 [1.02–2.41] 0.046 *

PVD 0.405 4.779 1.50 [1.04–2.16] 0.029 *

* predictor is significant

doi:10.1371/journal.pone.0126586.t005
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The high mortality excess in patients with CKD/ ESRD and DM could be attributed to the
amplified and not summed-up effects of risk factors of both DM and CKD and, as a conse-
quence, to the amplified and not summed-up end organ damage accumulation in both diseases
[26,29].

In this study 25-OH vitamin D was used to estimate the vitamin D status of the patients and
vitamin D deficiency was defined as 25 (OH) D levels< 12 ng/ml [19]. We found an increased
prevalence of vitamin D deficiency in DM patients as compared to no DM ones. Higher preva-
lence of vitamin D deficiency in DM associated with CKD was evidenced both in pre dialysis
CKD [15, 16, 30] as well as in patients undergoing renal replacement therapy [31, 32] and it
was attributed to urinary loss or resistance to vitamin D replacement therapy [15, 33]. However
the results published in the recent years are heterogeneous because of the use of different cut-
off levels for the definition of vitamin D deficiency. Thus, French cohort of prevalent HD pa-
tients, Jean et al. use for 25-OH- vitamin D deficiency a cut-off level of 18 ng/ml) [32]. Anand
et al. found a median serum 25-OH vitamin D concentration of 12.9 ng/ml in their dialysed
cohort and considered severe vitamin D deficiency at 25-OH vitamin D serum levels below
10,6 ng/ml [34]. In diabetic HD patients, Drechsler et al used for severely vitamin D deficiency
cut-off values of<10.04 ng/ml and for moderately vitamin D deficiency> 10.04 ng/ml
and< = 20.08 ng/ml [31]. Del Valle et al considered vitamin D deficiency levels of 25-OH vita-
min D below 15 ng/ml, in patients with CKD stage 5 on hemodialysis [35]. Bansal et al consid-
ered vitamin D deficiency in hemodialysis patients at cut-off levels of 25-OH vitamin D the
values< 20 ng/ml respectively for severe vitamin D deficiency levels below 10 ng/ml [36]. Bar-
reto et al, consider in CKD patients that vitamin D deficiency is characterized by 25-OH D
levels< 15 ng/ml [37]. In the Accelerated Mortality on Renal Replacement (ArMORR) cohort
study of incident chronic hemodialysis patients, the authors used a threshold for vitamin D de-
ficiency of 30 ng/ml [38].

In this study the three year mortality was significantly higher in the DM group. The survival
analysis revealed a worsening prognosis associated with vitamin D deficiency (HR = 2.71
p = 0.006). In the 3 years follow-up of our cohort in DM patients the mortality risk was signifi-
cantly influenced by 25-OH vitamin D deficiency, age, CAD and PVD.

There are few data about vitamin D deficiency and the risk of death in ESRD patients with
DM on HD therapy [31]. However there is much information about low vitamin D levels and
increased all cause and or cardiovascular mortality risk in the general population [39, 40], pre
dialysis CKD [41, 42] and ESRD on HD therapy [13, 34]. Moreover vitamin D therapy in defi-
cient general population, in pre dialysis CKD patients and in ESRD patients on HD therapy re-
duced cardiovascular and all-cause mortality [43, 44]. The vitamin D effects on mortality have
been attributed to the interference on cell proliferation and differentiation, immune cell func-
tion, and some of tissue-specific processes [45]. Due to these interventions, experimental and
clinical studies tend to demonstrate cardioprotective effects by regulating atherogenesis (inhib-
iting macrophage to foam cell transformation) and by reducing left ventricular hypertrophy.
The neuroprotective effect of vitamin D was attributed to diminished thrombogenesis and up
regulation of insulin-like growth factor 1 synthesis [46]. Also, there are data about renoprotec-
tive actions of vitamin D by reducing fibrosis, apoptosis and inflammation through suppress-
ing the NF-kB pathway and expression of pro inflammatory and pro fibrotic cytokines [47,
48].Moreover, vitamin D suppresses renin-angiotensin-aldosterone system activity by inhibit-
ing renin synthesis and by reducing the expression AT1 receptors in the kidney [49, 50]. These
actions could lead to cardiac and nephroprotective effects by modulating blood pressure, re-
ducing proteinuria and decreasing progression of CKD [47]. In patients with DM vitamin D at-
tenuates the effects of advanced glycation end products (AGEs) on vessel walls, thus reducing
endothelial dysfunction and arterial stiffness [51].
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In our cohort the 3 years mortality was not influenced by Calcium, Phosphate, ALF, and
PTH levels supporting the idea that vitamin D deficiency may influence mortality independent
of iPTH as it was pointed out by Bouillon et al. and more recently by Folsom et al. [52, 53]. In
our study the PTH levels were significantly lower in DM patients. Lower levels of PTH, in both
predialysis CKD as well as in HD treated DM patients, have been related to poor glycemic con-
trol (hyperglycemia having an inhibitory effect of on PTH cells) or high levels of AGEs induc-
ing suppression of PTH synthesis [54, 55, 56].

The observational design of our study does not allow conclusions concerning a direct causal
relation between vitamin D deficiency and the excess mortality in DM patients on HD therapy.
One should take in account also the fact that in a recent study it was suggested that VDR poly-
morphism interacting with 25-OH vitamin D levels may determine disease susceptibility and
major clinical outcome in all vitamin D deficient patients [57].

On the other hand vitamin D deficiency could be considered a marker of illness severity,
being a result of low provitamin D synthesis in the skin due to reduced solar exposure. Severely
ill patients tend to be less active and tend to avoid solar exposure and in advanced CKD, in par-
ticular, malnutrition may also contribute to this status [58].

Our study has some strengths and limitations. It investigates a significant cohort of East Eu-
ropean HD patients for a long period of follow-up time (3 years). The statistical analysis per-
mitted us to demonstrate that vitamin D deficiency is an independent predictor of mortality in
HD patients with DM. The main limitations could be considered the lack of information about
some baseline data (physical activity, sun exposure, diet), the lack of data about fibroblast
growth factor 23 levels, and the vitamin D receptor polymorphism.

Conclusions
In summary, our prospective follow-up study shows that severe vitamin D deficiency (baseline
levels of 25-OH vitamin D< 12 ng/ml) predict increased risk of all-cause mortality in HD pa-
tients with DM. Vitamin D levels correction may reduce the high added mortality risk in
these patients.
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