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Abstract

Background/Aims: Hypovitaminosis D has been associated
with an increased cardiovascular mortality in the general
population and in patients with chronic kidney disease
(CKD). Still, whether prescribing vitamin D reduces the risk of
mortality in renal patients remains controversial. Methods:
We searched PubMed, ClinicalTrials.gov and the Cochrane
Library for long-term longitudinal studies comparing vita-
min D compounds (25-hydroxyvitamin D, 1,25-dihydroxyvi-
tamin D and synthetic derivatives) to placebo or no treat-
ment in renal patients, and which evaluated mortality, to
perform a meta-analysis. Data concerning study quality,
population and effect size were extracted independently by
two investigators using predefined forms. Results: Fourteen
observational studies (194,932 patients) met all eligibility cri-
teria. Most studies were performed in hemodialysis patients
and all used calcitriol or synthetic analogues. In a random
effects meta-analysis, receiving any vitamin D therapy sig-
nificantly reduced the risk of all-cause mortality (relative risk
0.73, 95% Cl 0.65-0.82). The relative risk of death was 0.72
(95% Cl 0.65-0.80) after 3 years of therapy and 0.67 (95% Cl

0.45-0.98) after 5 years. In meta-regression, the risk reduc-
tion was shown to be greater in patients with higher para-
thyroid hormone serum levels (p = 0.01). The risk of cardio-
vascular mortality was also significantly reduced in patients
receiving any vitamin D derivative (relative risk 0.63, 95% Cl
0.44-0.92). Conclusion: Therapies with 1,25-dihydroxyvita-
min D and analogues are associated with reduced mortality
in CKD patients, and particularly in those suffering from sec-
ondary hyperparathyroidism. These results, based on obser-
vational evidence, are supportive of prescribing vitamin D
therapies to CKD patients, while respecting good practice

guidelines. Copyright © 2013 S. Karger AG, Basel

Introduction

In the general population as well as in renal patients,
low vitamin D precursor levels (25-hydroxyvitamin D:
25(OH)D) are associated with increased risks of cardio-
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vascular events and death [1-3]. The active form of vita-
min D, 1,25-dihydroxyvitamin D; (1,25(0OH),D), is a
hormone classically known for regulating bone and min-
eral homeostasis, but additional biological effects includ-
ing endothelial and cardiovascular protection, immuno-
modulation and antitumoral activities have recently been
observed [4]. In the general population, restoring 25(OH)
D levels with nutritional supplementation reduced the
risk of mortality [5], but it is not known whether this ef-
fect remains in patients with chronic kidney disease
(CKD). Vitamin D insufficiency, defined as 25(OH)D se-
rum levels <30 ng/ml, affects up to 75% of CKD patients
and can be corrected by nutritional vitamin D [6-8].
However, the impaired 1,25(OH),D synthesis due to the
reduced availability of the renal enzyme 1-a-hydroxylase
could preclude biological activities. Still, an abundant
body of evidence shows that treatments with vitamin D
derivatives (natural or synthetic 1,25(OH),D or synthet-
ic prohormones) ameliorate mineral and bone disorders
observed in CKD and improve anemia in dialysis patients
[9, 10]. A previous meta-analysis of the putative benefits
of treatments with these vitamin D derivatives in renal
patients demonstrated that they had a proven efficacy in
reducing serum alkaline phosphatase and parathyroid
hormone (PTH) levels but did not influence survival
[11]. This is in contrast with the clinical impression of a
favorable evolution of treated patients, which is also sup-
ported by epidemiological observations in hemodialysis
patients [12, 13]. Directand indirecteffectsof 1,25(OH),D
on the cardiorenal system are likely to occur at early stag-
es of the disease [14, 15], suggesting that early restoration
of its activity could delay dialysis initiation or death. Be-
cause the limited number of randomized controlled trials
(RCTs) estimating the effect of vitamin D therapies on
survival of CKD patients led to inconclusive results in a
previous analysis [11], we decided to further examine this
question in a meta-analysis including RCTs as well as
longitudinal observational studies. We carried out a me-
ta-analysis to evaluate the association between the use of
any kind of vitamin D therapy and the risk of all-cause
and cardiovascular mortality in patients affected by CKD
who were followed during an average period above 6
months.

Material and Methods

Study Search and Selection

On September 1, 2010, PubMed, ClinicalTrials.gov and the Co-
chrane Library were searched for articles combining terms related
to vitamin D (e.g. vitamin D, cholecalciferol, calcipotriol), CKD
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(e.g. kidney diseases, renal replacement therapy, ESRD), and mor-
tality or cardio-vascular outcome (e.g. mortality, survival rate, cor-
onary risk), with no time or language restrictions. Because no re-
sults met the search criteria in the ClinicalTrials.gov database, out-
come terms were removed from this search (online suppl. table S1;
see www.karger.com/doi/10.1159/000346846 for all online suppl.
material). Authors were contacted to retrieve full-text articles
when not available otherwise. Unpublished abstracts presented
during the ERA-EDTA Congress (Munich, Germany, 2010) and
the ASN Renal Week (Denver, Colo., USA, 2010) and literature
citations were hand searched for additional studies. Reporting
methods were adapted from MOOSE and PRISMA guidelines for
meta-analyses [16, 17].

Studies were included in the meta-analysis if they matched all
pre-specified eligibility criteria. Articles had to be original studies
comparing vitamin D use to receiving a placebo or no treatment.
Additional inclusion criteria were: (1) exclusion of kidney trans-
plant patients; (2) minimal follow-up of 6 months; (3) occurrence
of at least 1 death per treatment group, and (4) sufficient data to
determine the relative risk and confidence interval (CI) of all-cause
or cardiovascular mortality between vitamin D-treated and vita-
min D-untreated patients. Searches, study selection and data ex-
traction were performed independently by two investigators from
different institutions (F.D. and M.E.R.-O.). Discrepancies were
solved by discussion until consensus.

Data Extraction and Quality Assessment

From eligible studies, two reviewers independently extracted
data using piloted forms (F.D. and M.E.R.-O.). The outcomes of
interest were all-cause mortality, cardiovascular mortality and 3-
and 5-year all-cause mortality. From each study, relative risks and
95% CI were extracted or estimated from computed estimates such
as hazard ratios or from sample sizes and death rates per group
[18]. In predialysis studies, deaths occurring during predialysis
and dialysis stages were considered. When results were stratified,
the largest stratum was included. To evaluate study quality, infor-
mation depicting trial characteristics and baseline demographic
and biological characteristics of patients were extracted. Because
our search resulted in observational studies only, study quality was
evaluated based on study design, assessment of confounding and
adequacy of statistical adjustments.

Statistical Analysis

We evaluated the effect of vitamin D therapy on mortality from
any cause and from cardiovascular causes, and on the 3- and 5-year
all-cause mortality. Results were expressed as relative risks (RRs),
defined as the ratio of the mortality rate in patients receiving vita-
min D therapy over the mortality rate of patients not receiving
vitamin D. Relative risks <1 suggest a protective effect of therapy.
Study-specific RRs were pooled under random-effects models us-
ing the DerSimonian-Laird approach to account for expected het-
erogeneity [19]. Heterogeneity was assessed using the I? statistic
for which values >50% may indicate substantial heterogeneity. The
influence of sample, treatment and methodological parameters on
RRs was assessed by subgroup analyses and logarithmic mixed-
effects meta-regressions. The influence of within-study differences
in demographic and biological characteristics of treated and con-
trol groups was tested using the same approaches. The risk of pub-
lication bias was assessed by one-tailed Egger’s test, by funnel plot
and by Duval and Tweedie’s trim and fill method [20, 21]. Orwin’s
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Results from searched databases:
PubMed (n = 1,033)
ClinicalTrials.gov (n = 110)
Cochrane Library (n = 26)
Hand search (n = 4)

v

Records after screening of title o| Records excluded after screening
(n = 546) of abstract (n = 480)
\ 4 Records excluded (n =52)
. - Did not record any event: 17
Full-text articles as_sessed for eligibility > Duplicate publications: 4
(n = 66) Review articles: 5
Irrelevant studies: 26

A

All-cause mortal

Cardiovascular

Studies included in the meta-analysis (n = 14), by outcome:

3-year all-cause mortality: 6 studies
5-year all-cause mortality: 3 studies

lity: 13 studies, 194,789 patients

mortality: 6 studies, 77,966 patients

Fig. 1. Flow diagram of the selection pro-
cess.

fail-safe N was calculated to estimate the number of additional
non-significant studies necessary to make the pooled result of the
meta-analysis reach a predefined critical value [22]. Statistical
analyses were performed using Comprehensive Meta-Analysis,
version 2 (Biostat Inc., Englewood, N.J., USA) and SAS, version 9.2
(SAS Institute Inc., Cary, N.C., USA).

Results

Search Results

A total of 1,169 records were identified through elec-
tronic databases PubMed, ClinicalTrial.org and the Co-
chrane Library, and 4 records were identified by hand
(fig. 1). After screening of titles and removal of reviews,
duplicate publications and irrelevant research, there re-
mained 546 records. Screening of abstracts led to 66 re-
maining records of which 52 were excluded after full-text
analysis because they were reviews, publications on the
same study (e.g. [23]), did not provide sufficient data on
effect sizes for any studied outcome (e.g. [24, 25]) or were
irrelevant to the question. Consequently, 14 records were
included in the meta-analysis (table 1). They included an
abstract [36] and an e-published article [26], both identi-
fied through the Renal Week Symposium 2010 abstract
book. An additional publication [28] providing comple-
mentary information about the original study [27] con-

Vitamin D Therapy and Mortality in CKD

tributed to the analysis but was considered as the same
work.

Records were prospective (7 studies) or retrospective
(7 studies) observational studies (table 1), and there was
no blinding or randomization of patients in any studies.
Overall, a total of 194,932 patients were followed over an
average duration of 4.5 + 3.6 years. When given, loss to
follow-up was <12% [29, 32-34]. There were 3 studies
conducted in predialysis CKD patients [29, 33, 35]. Four
studies were performed in patients incident to hemo-
dialysis [31, 37, 38, 40] and the remaining 7 studies in
patients already on hemodialysis [26, 27, 30, 32, 34,
36, 39]. Administered molecules were calcitriol (natural
1,25(0OH),D3), paricalcitol (synthetic 1,25(OH),D; ana-
logue), alfacalcidol (synthetic prohormone, 1a(OH)D3)
or doxercalciferol (synthetic prohormone, 1a(OH)D,).
No study evaluated interventions with 25(OH)D supple-
mentation or dietary precursors. One study evaluated the
effect of ‘active Vitamin D’ but did not specify which
compounds were included [36]. Treatments were given
orally or by intravenous injection; 1 study did not detail
the administration route [30]. Exposure was defined as
receiving any dose of a vitamin D compound during fol-
low-up.

Baseline characteristics of patients according to treat-
ment group were available in 11 studies and absent from
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CKD Study Risk Lower  Upper p value Adjusted Relative All-cause mortality
stage ratio limit limit risk ratio weight, %  Risk ratio and 95% CI
HD Taniguchi, 2010 [36] 0.54 0.51 0.57 <0.001  Yes 118 L]
HD Naves-Diaz, 2008 [32] 0.55 0.49 0.62 <0.001 Yes 11.0 -
HD Wolf, 2008 [40] 0.66 0.50 0.86 0.002  Yes 8.0 —a—
HD Shoji, 2004 [34] 0.70 0.44 114 0.15 No 4.7
HD Melamed, 2006 [31] 0.74 0.56 0.98 0.03 Yes 7.9 —a—
HD Kalantar-Zadeh, 2006 [27, 28] 0.75 0.71 0.79 <0.001  VYes 11.8 ]
HD Teng, 2005 [37] 0.80 0.76 0.84 <0.001  Yes 118 m
HD Tentori, 2006 [38] 0.83 0.76 091 <0.001  VYes 114 -
HD Jean, 2011 [26] 0.89 0.74 1.07 0.22 Yes 9.8 =
HD Tentori, 2009 [39] 0.89 0.84 0.94 <0.001  Yes 11.8 ]
HD Overall (I = 94%) 0.73 0.64 0.83 <0.001 <
preHD  Kovesdy, 2008 [29] 0.69 0.55 0.86 0.001 No 43.8 -l
preHD  Shoben, 2008 [33] 0.76 0.58 1.00 0.05 Yes 394 —
preHD  Sugiura, 2010 [35] 0.80 044 146 0.46 Yes 16.8 -
preHD Overall (> = 0%) 0.73 0.55 0.98 0.04 <>
Overall (I° = 97%) 0.73 0.65 0.82 <0.001 <
0.2 0.5 1 2
Favors vitamin D Favors control

Fig. 2. Forest plots and summary estimates of all-cause mortality RRs depending on vitamin D treatment in he-
modialysis patients (HD) or patients at CKD stages not requiring dialysis (preHD). RRs <1 indicate a greater
chance of survival in the vitamin D therapy group as compared with the control group.

3 studies [30, 31, 36]. There were slight but consistent dif-
ferences between treatment groups. Treated patients had
greater baseline PTH levels (253 £ 121 vs. 159 + 82 ng/l,
p =0.002) and serum creatinine levels (6.9 + 3.3 vs. 6.5 =
3.0 mg/dl, p = 0.03) and were slightly younger (62.4 + 5.4
vs. 64.1 £ 5.3 years, p = 0.03). Four studies reported infor-
mation on parathyroidectomy. At baseline, its prevalence
was <9% and was not influenced by treatment group [26,
34, 38]. During follow-up, the incidence of parathyroid-
ectomy was <0.15% [37].

Statistical adjustments were frequently applied to
control for demographical, biological and therapeutic
parameters and showed a large range of adjusted param-
eters (table 1). Based on study design, assessment of con-
founding and adequacy of statistical adjustments, the
quality of included studies ranged from rather low to sat-
isfactory (online suppl. table S2). The most frequently
observed limitations concerned the comparability of the
treated and untreated populations, and the population
selection following the use of statistical models adjusting
for many variables. The crude and adjusted RRs which
were used in the meta-analysis are available in online
suppl. table S3.

Vitamin D Therapy and Mortality in CKD

All-Cause Mortality

The association of vitamin D therapy with all-cause
mortality was assessed in 13 studies [26-29, 31-40]
(fig. 2). Ten studies reported a significant inverse associa-
tion between receiving vitamin D and the risk of death.
The pooled result showed that receiving vitamin D was
significantly associated with a 27% relative risk reduction
of all-cause mortality (relative risk 0.73, 95% CI 0.65-
0.82). The beneficial effect was equally present among he-
modialyzed patients and predialytic patients. Heteroge-
neity was high (I* > 50%) in the overall meta-analysis and
among studies performed in hemodialysis patients. It was
absent from the subgroup of studies performed in predi-
alysis patients (I*> = 0%). There were two study-specific
estimates which did not include any adjustments [29, 34];
excluding these two crude results did not influence the
results (table 2). Pooling the 11 crude RRs which were
available increased the relative risk reduction to 35% (ta-
ble 2).

The association between vitamin D therapy and the
risk of death after 3 and 5 years of follow-up could be ex-
tracted from 6 and 3 studies, respectively (fig. 3). Most
estimates were crude associations derived from survival
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Time Study Risk Lower  Upper p value Adjusted All-cause mortality
point ratio limit limit risk ratio Risk ratio and 95% CI
3-year Sugiura, 2010 [35] 0.36 0.14 0.95 0.04 No
3-year Naves-Diaz, 2008 [32] 0.69 0.65 0.72 <0.001 No [ |
3-year Kovesdy, 2008 [29] 0.70 0.53 0.92 0.01 No —a—
3-year Shoji, 2004 [34] 0.75 0.35 1.62 0.46 No
3-year  Jean, 2011 [26] 0.80 0.60 1.07 0.13 No —
3-year Shoben, 2008 [33] 0.83 0.69 1.01 0.06 No |
3-year  Overall (1> = 23%) 0.72 0.65 0.80 <0.001 ¢
5-year Sugiura, 2010 [35] 041 0.23 0.71 0.002 No ——
5-year Shoji, 2004 [35] 0.70 0.44 1.14 0.15 No ——
5-year Tentori, 2006 [38] 0.83 0.76 0.91 <0.001 Yes [ |
5-year Overall (I = 69%) 0.67 0.45 0.98 0.04 e

0.2 0.5 1 2

Favors vitamin D Favors control

Fig. 3. Forest plots and summary estimates of all-cause mortality RRs depending on vitamin D treatment after 3
years of follow-up (3-year) or 5 years of follow-up (5-year).

Table 2. Summary estimates from random-effects meta-analyses on adjusted and unadjusted relative risks

Outcome Studies,n  Effect size and 95% CI p value 2
RR estimate lower limit ~ upper limit
All-cause mortality
Adjusted RR 11 0.73 0.64 0.83 <0.001 95%
Unadjusted RR 11 0.65 0.58 0.73 <0.001 94%
Cardiovascular mortality
Adjusted RR 4 0.55 0.41 0.74 <0.001 63%
Unadjusted RR 4 0.53 0.27 1.06 0.069 83%

curves. After 3 years of follow-up, vitamin D therapy was
significantly associated with a 28% relative risk reduction
in mortality (RR 0.72, 95% CI 0.65-0.80), with a limited
heterogeneity. Five years after study initiation, the asso-
ciation was similar (RR 0.67, 95% CI 0.45-0.98), with
slightly greater heterogeneity.

Cardiovascular Mortality

The association of vitamin D therapy and cardiovas-
cular mortality was assessed in 6 studies [27, 30, 32, 34—
36] (fig. 4). Receiving vitamin D was significantly associ-
ated with a 37% relative reduction of cardiovascular mor-
tality risk (RR 0.63, 95% CI 0.44-0.92). Two studies
reported crude associations [27, 30]. Limiting the analysis
to the 4 statistically adjusted RRs, the effect of vitamin D
compounds increased to a significant 45% relative risk
reduction of cardiovascular mortality (RR 0.55, 95% CI

244 Am J Nephrol 2013;37:239-248
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0.41-0.74) and reduced heterogeneity (table 2). Unad-
justed RR led to a similar pooled effect which was no lon-
ger significant.

Heterogeneity and Publication Bias

A significant association was observed between study-
specific relative risks of death and hyperparathyroidism
in treated patients (p = 0.011). Compared to untreated
patients, the higher the baseline PTH levels in the treated
group, the stronger the relative risk reduction in mortal-
ity (fig. 5). This was modeled by mixed-effects meta-re-
gression on the difference between average PTH levels in
treatment and control groups at baseline. The intercept
of the regression line was 0.92 (95% CI 0.74-1.14) and for
each differential increase of 100 ng/l of PTH levels be-
tween groups, the relative risk of death significantly de-
creased by 16% (RR 0.84, 95% CI 0.73-0.96). None of the
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Study Risk Lower Upper p value Adjusted Relative Cardiovascular mortality
ratio limit limit risk ratio  weight, % Risk ratio and 95% CI
Shoji, 2004 [34] 0.38 0.25 0.58 <0.001 Yes 17.0 ——
Sugiura, 2010 [35] 0.45 0.14 1.50 0.19 Yes 6.6 0
Naves-Diaz, 2008 [32] 0.55 0.45 0.67 <0.001 Yes 20.8 E B
Marco, 2003 [30] 0.64 0.35 1.18 0.15 No 13.8 ——
Taniguchi, 2011 [36] 0.75 0.58 0.97 0.03 Yes 19.9 -
Kalantar-Zadeh, 2006 [27, 28] 1.02 0.97 1.07 0.47 No 22.0 [ ]
Overall (12 = 92%) 0.63 0.44 0.92 0.02 ’
T
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Fig. 4. Forest plot and summary estimate of cardiovascular mortality RRs depending on vitamin D treatment.
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other clinical parameters which were tested (age, diabetes
prevalence, albumin or creatinine levels) significantly in-
fluenced mortality RRs (p > 0.05).

The sample, intervention and methodological charac-
teristics of the studies which were tested did not signifi-
cantly influence results concerning all-cause mortality
(p > 0.05, online suppl. table S4). In prevalent hemodialy-
sis patients (6 studies) and in patients incident to hemo-
dialysis (4 studies), the effects of vitamin D derivatives on
all-cause mortality were 0.70 (95% CI 0.59-0.84) and 0.76
(95% CI 0.67-0.96), respectively. Pooled estimates from
the 6 prospective studies and the 7 retrospective studies
were nearly identical (0.73, 95% CI 0.60-0.88 and 0.73,
95% CI 0.61-0.87, respectively).

Vitamin D Therapy and Mortality in CKD

In one-study removed analyses, pooled estimates of
all-cause mortality RR varied in a narrow range, from
0.71 (95% CI 0.63-0.81) to 0.76 (95% CI 0.70-0.82),
showing the limited influence of single studies on the
overall estimate (online suppl. table S5). Egger’s test
showed no evidence of publication bias of studies on all-
cause mortality RR (p = 0.45). This was consistent with
the symmetrical shape of the funnel plot (online suppl.
fig. S1). Adding the virtually missing study from the trim
and fill method did not influence pooled results. Finally,
according to Orwin’s fail-safe N, it would take 26 null
studies to add to find an overall effect equal to a 10% rel-
ative risk reduction, signifying that unpublished non-sig-
nificant studies would affect our results in a limited man-
ner.

Am ] Nephrol 2013;37:239-248 245
DOI: 10.1159/000346846



Discussion

Our meta-analysis found a significant 27% lower mor-
tality risk in CKD patients receiving vitamin D therapies
in the form of alfacalcidol, calcitriol or analogues. The
relative risk reduction was greater with longer follow-up
and for deaths attributable to cardiovascular causes (37%
reduction). These results support the clinical impressions
of renal physicians in favor of administering these types
of vitamin D derivatives to CKD patients for their expect-
ed benefits. The survival advantage was equally observed
in patients at early stages of CKD and in patients under-
going dialysis and the risk reduction was greater when
treated patients were more severely affected by hyper-
parathyroidism.

To our knowledge, only 1 previous meta-analysis on
vitamin D treatments provided results on mortality in
CKD and hemodialysis patients [11]. This study included
exclusively RCTs and found no influence of vitamin D
therapy on mortality. However, this result, contrary to the
general feeling of the renal community, needs to be care-
fully interpreted as it may be influenced by the lack of
controlled trials analyzing an effect of vitamin D deriva-
tives in cases of severe deficiency, since in these cases a
placebo administration would have been unethical [41].
Furthermore, this estimation was based on a small num-
ber of RCTs which did not study mortality as the main
objective. Altogether, these trials observed alimited num-
ber of deaths (16 deaths) occurring in 509 patients [11, 42,
43]. Our selection criteria included a minimal follow-up
of 6 months to ensure sufficient time for the drug effect
to occur and the outcome to be observed. Furthermore,
they were settled to identify studies focusing on the asso-
ciation between any type of vitamin D therapy and mor-
tality or cardiovascular diseases, in order to gather appro-
priately estimated results on the outcomes of interest.
These stringent selection criteria failed to retain RCTs, as
no RCT fulfilled them, but permitted the inclusion of 14
relevant epidemiological studies, including several large
ones, observing altogether a very large number of cases
(>35,155 deaths) in a total population of 194,932 patients
with CKD or undergoing dialysis. The present work is,
therefore, the first meta-analysis conducted to specifical-
ly estimate the treatment effect of any type of vitamin D
derivative on the hard outcomes that are all-cause and
cardiovascular mortality in CKD.

Opverall, the majority of patients included in our analy-
sis were clinically representative of stage 5 CKD patients,
and they benefited from vitamin D therapy when they
received it. However, a greater effect was observed in vi-
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tamin D-deficient patients [26, 36]. The high prevalence
of vitamin D insufficiency and deficiency in CKD patients
at early and final stages [7] suggests that many patients
could benefit from nutritionally or medically restoring
vitamin D activity. We showed that patients with greater
alterations of bone and mineral homeostasis as indicated
by increased serum PTH levels benefited even more from
the therapy. This is interesting as serum PTH has been
independently associated with increased mortality [23,
27, 44]. One could think that in our analyses treated pa-
tients, who generally had greater baseline PTH levels than
untreated patients, would be at increased risk of dying.
However, the proven effect of 1,25(OH),D on reducing
hyperparathyroidism [45] did not only reduce a suppos-
edly increased relative risk due to elevated PTH levels
to 1, but reduced the RRs to values <1, suggesting the
existence of PTH-independent biological activities of
1,25(0OH),D. The latter effects could also be responsible
for the observed 8% risk reduction after vitamin D ther-
apy which was present, although not statistically signifi-
cant, when treated and untreated patients had similar
baseline PTH levels.

In epidemiological studies, the dose-response pattern
of vitamin D derivatives tended to show reduced benefits
at the greater doses [27, 32]. When the mean daily intake
of calcitriol or alfacalcidol exceeded 1 pg, therapies were
no longer associated with survival benefits [32]. At inap-
propriately high doses of calcitriol or analogues, adverse
effects such as hypercalcemia could overcome its protec-
tive effects. Alternatively, it could also be that the high
doses were still insufficient for patients with greatly ele-
vated PTH levels. This hypothesis is supported by the
dose-response effect which appears after adjusting doses
to PTH levels, showing that receiving higher doses re-
duced the risk of mortality to a greater extent [23]. Pa-
tients receiving greater doses are probably combined into
a heterogeneous group in which both situations occur.
Monitoring changes in 25(OH)D and 1,25(OH),D serum
levels after vitamin D therapy could have helped under-
standing the physiopathological ways involved in the risk
reduction, but requiring this information would have
been an excessively restrictive selection criteria. Confirm-
ing our expectations, a recent analysis failed to retrieve
studies on vitamin D supplementation evaluating both
mortality and changes in 25(OH)D serum levels in CKD
patients [8].

One limitation of the present work could be the large
heterogeneity which was observed across the different
study results on mortality. Because we hypothesized a
clinical heterogeneity between different CKD stages, a
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stratified analysis was performed according to the use of
renal replacement therapy. Interestingly, heterogeneity
was absent across results from non-dialyzed patients.
Furthermore, therapy significantly reduced mortality to
the same extent in dialyzed or in non-dialyzed patients.
The fact that results were consistent independently of
heterogeneity is comforting and legitimates their inter-
pretation. Another possible limitation of our work is the
inclusion of epidemiological evidence, which is prone to
be affected by bias and unmeasured confounding, which
would therefore remain in our meta-analysis. However, it
is unlikely that the observed effect was solely due to sur-
vival bias as results remained similar after stratification
for incident and prevalent populations. Confounding by
indication might have occurred as we found small but
systematic differences in clinical characteristics between
treated and control groups which were consistent with
indications for receiving vitamin D derivatives (elevated
serum PTH and creatinine levels). To estimate the effect
of therapy with vitamin D derivatives, independently of
other patient characteristics, we used adjusted relative
risks in the meta-analysis as recommended [46]. Overad-
justment, which occurs after adjusting for a covariate in-
volved in the causal pathway of the studied effect, might
have been present at the study level. Still, it generally
tends to underestimate the effect [47]. Disparities in con-
comitant medications might also have been a source of
confounding. Since their introduction in 2004, calcimi-
metics have been used alone or in association with vita-
min D derivatives in order to reduce serum PTH and cal-
cium levels. However, the follow-up periods of most of
the included studies were anterior to this date. It is there-
fore unlikely that calcimimetics were responsible for the
observed effects. Furthermore, a recent trial suggests no
direct effect of calcimimetics on survival [48].
One-study removed analysis, Egger’s tests, Orwin’s
fail-safe N and the funnel plot showed a low risk of pub-
lication bias. However, we cannot exclude the possibility
that non-significant results were not reported, in particu-
lar in the context of pharmacoepidemiology where con-
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