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Does rosuvastatin increase serum levels of 25-hydroxy-vitamin D?
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An observational study and a “clinical

trial” seem to prove that rosuvas-
tatin (but not fluvastatin) dramatically
increases serum levels of 25-(OH)-D3
(three-fold above starting values). A
critical analysis of the two publications,
presented below, raises serious concerns.
Conclusions from these two studies have
already been drawn in the scientific
literature.It is argued that claiming or
believing in a “novel pleiotropic effect of
rosuvastatin” may be misleading and
premature.

Introduction

One of us recently summarized data on
the relationship between statins, choles-
terol and serum 25-(OH)-vitamin D
levels." Some doubts were raised about
two publications (from the same group)
dealing with rosuvastatin effects on serum
calcidiol levels. If true, findings in the two
papers could have consequences on the
interpretation of the JUPITER trial® as
recently discussed by others.®*

In the first observational study, the
authors reported almost 3-fold increases
of 25-(OH)-Dj levels after 8 weeks of
rosuvastatin.” In the second publication,
which reports on a “clinical trial,” they
compared rosuvastatin with fluvastatin
with almost identical results for the former
statin.® The findings of the two publica-
tions are analyzed below.

Results
UV-B data are missing and the rise of
25-(OH)-D3 is identical in the two

studies. Yavuz et al.” reported that rosu-
vastatin  (10-20 mg/d) after 8 weeks
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increased 25-(OH)-D3 from a median of
14.0 ng/ml (~34.9 nmol/l) to 36.3 ng/ml
(-90.5 nmol/l). This observational study
was performed between November 2007
and March 2008 in Ankara (Turkey) with
91 patients (60% male, 40% female). The
authors state that the above months are
considered to be winter, with little
exposure to UV light. More information
is not provided, although UV-B levels have
been measured in Ankara since 2007 and
can be obtained from local and inter-
national agencies, as shown in Figure 1.
Ankara is located at about 39.6 degrees
north (similar e.g., to Minneapolis, highest
elevation ~300 mts, or Philadelphia, eleva-
tion -9 mts) with an altitude of ~900 m.
UV-B irradiance increases 20% per km in
low aerosol conditions.” Thus, given these
conditions, inhabitants of Ankara receive
by about one fifth more UV-B radiation
than e.g., Philadelphians. A control cohort
is missing. Confounding factors (vitamin
supplementation, physical activity, occu-
pation, vitamin D intake via diet, clothing
habits of the female participants'®), are not
reported. The increase in the median for
25-(OH)-D3 by 55 nmol/l was accom-
panied by a reduction of bone specific
alkaline phosphatase by about 50%, a
small (3.7 pg/ml), but significant increase
of calcitriol and no change in osteocalcin
levels.

In a second “clinical trial,” rosuvastatin
was compared with fluvastatin,® Patients
were “randomized” in a 1:1 ratio to
rosuvastatin 10 mg or fluvastatin 80 mg/
day for eight weeks and inclusion as well as
exclusion parameters were identical to the
previous report. Surprisingly, information
is missing on how many patients were
screened and which method of randomiza-
tion was employed. Clearly this study was
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Figure 1. Level 3 OMI erythemal daily dose (left ordinate, black dots) for a 1 x 1 pixel in Ankara. Upper, November 2007 to end of March 2008; Lower,
from October 2008 to end of March 2008. Data for January and February 2009 are missing in the database. From http://gdata1.sci.gsfc.nasa.gov/daac-bin/
G3/gui.cgi?instance_id=omi, accessed on May 7th, 2010. UV-B index data for Ankara (right ordinate, red crosses). UV-B index data are adjusted to the left
ordinate by multiplication with 550.
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not blinded; raising doubts about observer
bias and, of equal concern, there were
no drop-outs, similar to the observational
study. As before, 25-(OH)-D3 rose
under rosuvastatin from 11.8 ng/ml
(-29.4 nMol/l) to 35.2 ng/ml (-88 nMol/).
Bone specific alkaline phosphatase decrea-
sed by almost 50%, calcitriol increased
by 5.7 pg/ml, but osteocalcin did not
change. With the exception of a signific-
ant but unexplained decrease in bone
specific alkaline phosphatase no signific-
ant change with respect to the above
parameters was observed in the fluvastatin
group. Given that the two trials were per-
formed about a year apart, it is surprising
that the absolute increase in 25-(OH)-D;
observed with rosuvastatin is more or less
the same for both studies. A statistical
analysis of the data from the rosuvastatin
cohorts in the two trials also shows
remarkable similarities for several para-
meters, though the ratio between men
and women was opposite, more diabetics
were induced,

and only a 10 mg

rosuvastatin dose was employed in the

second trial (Table 1).

Rosuvastatin is Not Metabolized
by CYP 3A4/5

In the first publication, the authors offered
no explanation for their findings. In the
second, they suggested that, “as statins are
extensively metabolized by CYP 3A4 and
CYP 3A5,” a “common catabolic pathway
may be responsible for the increased 25-
(OH)-Dj levels.” This hypothesis can be
rejected. Rosuvastatin is not metabolized
by CYP 3A4/5. It is converted, to a
very minor extent, by CYP 2C9, to
N-desmethylrosuvastatin and in vivo to
the corresponding rosuvastatin lactone.’
Although the lactone form is a weak
inhibitor for CYP 2C8, CYP 2C9 and
CYP 3A4/5, fluvastatin as lactone is at
least as potent.'” As both statins in their
lactone form are weak inhibitors for CYP
3A4/5, it seems unlikely that inhibition of
this xenobiotic enzyme is the basis for the

observed effect, especially since fluvastatin
did not increase 25-(OH)-Dj5.

The reported increase in 25-(OH)-Dj
is equivalent to an oral vitamin Dj
intake of ~3,000 to 3,800 IL.U./d. or a
UV-B  dose of
around 1 J*cm™. The magnitude of the
observed rise of 25-(OH)-Dj3 in both
studies, which, on average, amounts to

~54 nMol/l after 8 weeks, is surprising.

minimal cumulative

Based on other studies, one is able to
obtain an estimate for daily additional
oral input of cholecalciferol being equi-
valent to the average increase in the two
studies. Formulas predict that a 1 nMol/l
increase in serum 25-(OH)-D3 will require
~70 1.U. of daily cholecalciferol intake'*"*
or a cumulative dose (taking body weight
as 75 kg) of around ~170.000 1.U. in
8 weeks. Increases of similar magnitude
are observed with cumulative UV-B doses
of ~12 J*ecm™? for Caucasian psoriasis
patients exposed for 15 d to natural

(27°N).'¢
broad-band

in Gran Canaria

whole-body

sunlight

Cumulative

Table 1. Demographic data and laboratory values at baseline and after 8 weeks of treatment with rosuvastatin: statistical analysis

n
male/female (%)
Hypertension (%)

Diabetes (%)
Drug Treatment (%)
Age (years)
LDL-C (mmol/l)
HDL-C (mmol/I)
ALT (U/1)

AST (U/I)

Creatinine (mg/dl)

CK (U/)

LDL-C (mmol/I)
HDL-C (mmol/l)
ALT (U/1)
AST (U/I)
Creatinine (U/I)
CK (U/N)

Baseline Data

First Study’

91 69
60/40 40/60
47 52
17 28
53 54
59.0 £ 125 59.7 £12.2
449 + 0.69 440 = 0.5
1.17 £ 0.42 1.10 £ 0.3
212+ 174 19.8 + 11.7
20.0 £ 9.0 195+73
09 +0.2 09 +£0.2
45.0 + 12 423 + 121

Treatment Data

259 £ 0.97 2307
1.10 £ 0.30 1.2+0.2
221 £11.8 212 +11.2
196 + 6.4 20.1 £ 56
09 +0.2 09 £ 0.5
44.0 + 21 43.1 +18.2

Second Study®

0.013?
0.54°
0.09*
0.91°
0.7235°
0.3610°
0.2417°
0.5650°
0.7068°

1.000°
0.1621°

0.0371°
0.018°
0.6260°
0.6065°
1.000°
0.7767°

Data of continuous variables (+ S.D.) reported in the two publications’® are analyzed by either chi-square t-test or by two-tailed Student’s t-test. Statistically
significant differences (p < 0,05) between the two cohorts are rarely observed. Values for low-density lipoprotein (LDL) and high-density lipoprotein (HDL) from
the first study were converted into millimoles per liter by multiplication by 0.02586, "drug treatment® in percentages (%) is combined from B-blocker (%) plus
angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker (%) plus calcium channel blocker (%). °chi-square t-test; "two-tailed Student’s t-test.
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UV-B doses (12 times in 4 weeks) between
0.24 and ~1J*cm™? lead to increases of
25-(OH)-D3 by ~50 nMol/l in human
volunteers.”” The latter authors also pro-
vide a formula from which to calculate a
UV-B dose rate to achieve the desired
increase. Using a skin lightness score of
60, a 25-(OH)-Dj3 increase by 54 nMol/l
would require ~82 mJ*cm™* UV-B whole
body exposure 3 times a week for 4 weeks,
equivalent to a cumulative dose of
~1 J*em™2. Figure1l provides total daily
erythemal doses for Ankara from satellite
measurements and local UV index data.
It should be noted that the satellite algo-
rithm can underestimate UV by a factor of
3.5 compared with Brewer spectrophoto-
meters at a given location, e.g., when snow
is present.'® Estimates of a possible vitamin
Dj3 production can be obtained from
simulation tools such as http://nadir.nilu.
no/cgi-bin/olaeng/VitD_quartMEDand
MED.cgi. From this tool, assuming cloud-
less skies, surface type 2, altitude 0.9 km
and skin type IV estimates of 17 min (in
mid-February) to 7 min (end of March)
are required around midday by exposing
one quarter of the body surface to obtain
the equivalent of 1000 LU. of vitamin
D;. E.g.: In March 2008 17 d can be
identified from the satellite data with 2000
to 3,000 J/m?, most of which is obtained
during midday from 11 am. to 2 p.m.
The time for synthesis of 1000 LU.
vitamin D3 at a midday hourly rate of
600 to 800 J/m* is 15 to 20 min, provided
one quarter of the skin (hands, face and
arms) are exposed. Thus, contrary to the
assumption by the authors that there was
“little exposure to ultra-violet light” for
the two studies, this is not at all supported
by the satellite or locally measured data.

Increased Input of Vitamin D3
or Decreased Clearance
of 25-(OH)-D3?

A brief and highly simplified discussion
of determinants for the steady-state
serum concentration of the biologically
intermediate  25-(OH)-Dj
seems appropriate in this context. Input
(vitamin D: oral intake and oral bioavail-
ability, skin production via UV-B, release

important

from internal stores) speed of conversion
into 25-(OH)-D3 and elimination (via

www.landesbioscience.com

metabolism and excretion) are the main
determinants of the steady-state concen-
tration of the prohormone. One can
disregard release from internal stores as
the best estimate (for both vitamin Dj
plus 25-(OH)-Dj) is around 15.000 1.U."
The clearance of 25-(OH)-Dj is governed
by (1) glomerular filtration of 25-(OH)-
D; bound to vitamin D binding protein
and reabsorption capacity of the megalin-
cubulin receptor system in the kidney
tubules, (2) metabolic activation via 1a,25
hydroxylase, (3) metabolic inactivation
of the prohormone and (preferentially)
calcitriol by the 24-hydroxylase and (4)
excretion via bile and urine after further
hydroxylation and covalent modification
(coupling to glucuronic acid or sulfate).
An increase of the steady-state concentra-
tion by almost a factor of 3 can only be
explained by a similar increase in input or
decrease in output or any combination of
these, according to first principles.

Is There a Possibility
of Increased Vitamin D Input
by Increased Bioavailability?

Increased oral bioavailability of diet-
derived vitamin D3 could be a factor.
For 6 weeks patients already had been
on the National Cholesterol Education
(NCEP) diet, which recommends fish
and shellfish (rich in vitamin D), but on
average still had insufficient or deficient
25-(OH)-Dj3 levels. Vitamin Dj3 in food
or applied as oral supplement is taken up
together with lipids by the jejunal mucosa.
The pre-pro-hormone travels with chylo-
microns in the thoracic duct and, once in
the arterial circulation, enters liver cells via
receptor-mediated uptake (LDL-receptors,
remnant receptors).”’ It is here, where
all statins—which increase liver LDL-
receptors by approximately a factor of
two—could facilitate uptake and sub-
sequent hydroxylation. It is, however,
unlikely that increased liver uptake of
vitamin D3 will increase steady-state
serum levels of the prohormone when
the total amount of the vitamin entering
the body is unchanged under rosuvastatin.
Furthermore, this should be observed
with all statins, which is clearly not the
case. However, there exists a finely tuned,
reciprocal relationship between endogenous
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cholesterol  synthesis und  exogenous
cholesterol uptake. One would therefore
expect that statins (which have to pass
enterocytes, inhibit their 3-hydroxy-
3-methylglutaryl-CoA-reductase and
decrease intracellular cholesterol) lead to
increased activity of the sterol transporter
Niemann-Pick Cl-like 1 (NPC1L1). The
latter, the molecular target of ezitimibe,
has been demonstrated to play a signific-
ant role in vitamin D uptake.”’ Circulat-
ing

precursors (e.g., desmosterol and latho-

endogenous  synthesis  cholesterol
sterol) serve as markers for endogenous
synthesis and plant-derived campesterol
or/and sitosterol for cholesterol absorp-
tion, respectively. Changes (e.g., after
drug treatment) or differences of the
respective ratios (e.g., between popula-
tions) are taken as correlates for altera-
tions in the two interdependent systems
as shown for pravastatin.’®> Indeed, a
crossover study in hyperlipidemic men
demonstrated an increase in absorption
markers and increased NPCIL1 mRNA
levels after atorvastatin.”® Thus, the possi-
bility exists that, perhaps depending on
the apoliprotein E genotype, see Huebbe
et al.,”* statin treatment can lead to an
increase in the amount of the vitamin D
absorbed but never to the extent the
authors reported.

Could Rosuvastatin Interfere
With Catabolism and/or
Excretion of the 25-(OH)-D3?

Based on experiments with radioactively
labeled cholecalciferol and 25-(OH)-Ds,
~1% of the amount of 25-(OH)-D3 in the
body is excreted every day by the kidney
and ~2% in the feces via bile after further
hydroxylations (e.g., to calcitroic acid) and
coupling reactions (glucuronidation).’
Theoretically, it seems possible that kidney
clearance of 25-(OH)-Dj; and its further
hydroxylated metabolites is inhibited by
rosuvastatin: ~10% of the dose is actively
secreted, whereas fluvastatin has negligible
renal clearance.”® A major route of meta-
bolic inactivation of 25-(OH)-Dj is the
24-hydroxylase, where rosuvastatin and/
or its lactone could inhibit as shown for
synthetic inhibitors.” It is, however,
unlikely, that such a partial "chemical
knockout” would raise 25-(OH)-D5 levels



under constant input, but must lead to
increased calcitriol levels (as was indeed
reported), which are in turn accompanied
by faster 25-(OH)-Dj; elimination.
24-hydroxylase inhibition can be ruled
out as gene mutations in CYP24A1 with
complete loss of function led to increased
calcitriol, but not 25-(OH)-D levels.?®

Interference of Rosuvastatin
and/or lts Metabolites With
the 25-(OH)-D; Assay?

The assay used by the authors is selective
for the 25-(OH)-D3 and shows little cross-
reactivity with 24 R, 25-(OH),-D3. With
immunoassays one can never be sure if
heterophile
bodies® or drug metabolites can interfere:
A recent large trial reported that a 25-
(OH)-D5  selective immunoassay had
higher values in smokers than in non-

natural compounds, anti-

smokers, which is contrary to general
knowledge. These higher values could
not be reproduced by other detection
methods and indicate interference in the
serum of smokers with either the antibody
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