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The Effect of Combined Calcium and Vitamin D3 Supplementation on
Serum Intact Parathyroid Hormone in Moderate CKD

Laura Kooienga, MD,1 Linda Fried, MD, MPH,2 Robert Scragg, PhD,3 Jessica Kendrick, MD,1

Gerard Smits, PhD,1 and Michel Chonchol, MD1

Background: Studies addressing the effects of vitamin D3 supplementation on secondary hyperpara-
thyroidism in patients with moderate chronic kidney disease are scarce.

Study Design: Post hoc analysis of the randomized clinical trial Vitamin D, Calcium, Lyon Study II
(DECALYOS II) to assess effects according to baseline estimated glomerular filtration rate (eGFR).

Setting & Participants: Multicenter, randomized, double-blinded, placebo-controlled study of 639
elderly women randomly assigned to calcium–vitamin D3 fixed combination; calcium plus vitamin D3

separate combination, or placebo.
Interventions: Placebo or calcium (1,200 mg) and vitamin D3 (800 IU) in fixed or separate

combination.
Outcomes & Measurements: Proportion of participants with a mean decrease in intact parathyroid

hormone (iPTH) level of 30% or greater. eGFR was calculated using the 4-variable Modification of Diet
in Renal Disease (MDRD) Study equation and categorized as 60 or greater, 45 to 59, and less than 45
mL/min/1.73 m2.

Results: 610 participants had an eGFR at baseline: 288 (47.2%), 222 (36.4%), and 100 (16.4%) were
in each decreasing eGFR category. Across decreasing eGFR groups, 88%, 86%, and 89% had
25-hydroxyvitamin D (25[OH]D) levels less than 15 ng/mL at baseline. On treatment, similar improve-
ments in the proportion of participants achieving 25(OH)D levels greater than 30 ng/mL at 6 months
were seen in all kidney function groups (43%, 49%, and 41%, respectively). Active regimens versus
placebo increased mean 25(OH)D levels from baseline in all eGFR groups at all times (P � 0.001 for
all). The proportion with a 30% or greater decrease in iPTH level at 6 months was 50% in all eGFR
groups on treatment versus 6% to 9% for placebo (P � 0.001 for all). The effects of the intervention on
iPTH levels did not differ according to baseline eGFR (interaction P � 0.1 for all times).

Limitations: This study included only elderly white women.
Conclusion: Vitamin D3 was effective in increasing 25(OH)D and decreasing iPTH levels in patients

with moderate chronic kidney disease.
Am J Kidney Dis 53:408-416. © 2009 by the National Kidney Foundation, Inc.
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itamin D deficiency increasingly is being
recognized and is highly prevalent in chronic

idney disease (CKD) populations.1-7 Similarly,
econdary hyperparathyroidism (SHPT) is a well-
ecognized occurrence in patients with CKD, and
ncreases in intact parathyroid hormone (iPTH; �65
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g/mL) levels begin to occur at estimated glomeru-
ar filtration rates (eGFRs) of approximately 45
L/min/1.73 m2.6,8-10 Most discussions about the

ause of SHPT in patients with CKD have focused
rimarily on functional vitamin D deficiency, more
pecifically calcitriol (1,25[OH]2D3) deficiency
econdary to decreased activity of 1�-hydroxy-
ase. Recently, low levels of the substrate 25-
ydroxyvitamin D (25[OH]D) as a key patho-
enic mechanism for SHPT in patients with
idney disease has been raised.10-12

As such, the National Kidney Foundation–
idney Disease Outcomes Quality Initiative

KDOQI) Clinical Practice Guidelines for Bone
ineral Metabolism and Disease in CKD have

ecommended measurement of vitamin D stores
nd supplementation if 25(OH)D levels are less
han 30 ng/mL in patients with CKD stage 3 or
.12 The rationale behind this recommendation is
hat low 25(OH)D levels are likely to have a role

n the development of SHPT through limiting
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Vitamin D3 in CKD 409
,25(OH)2D3 synthesis. However, evidence of
he effectiveness of this approach in decreasing
PTH levels is inconclusive.

A previous report from the Vitamin D, Cal-
ium, Lyon Study II (DECALYOS II), per-
ormed in French elderly women,13 showed that
ombined calcium and vitamin D3 supplementa-
ion can improved iPTH levels in elderly women;
owever, there is a lack of proven efficacy of this
ntervention on achieving iPTH targets recom-
ended by the KDOQI in patients with concomi-

ant moderate CKD and SHPT.10 Thus, the pur-
ose of the present analysis is to determine the
ffect of combined calcium and vitamin D3

cholecalciferol) supplementation on SHPT in
articipants with mainly stage 3 CKD and severe
5(OH)D deficiency.

METHODS

ECALYOS II Database

We obtained a copy of the database of the DECALYOS
I by submitting a written request to Merck KGaA (Darm-
tadt, Germany). None of the authors are members of the
ECALYOS Investigators and thus none was involved in

he conduct or initial analysis of the trial.

tudyPopulation, Recruitment, StudyRegimens,
nd Follow-up

Recruitment methods, randomization, and follow-up re-
ults of the DECALYOS II have been previously pub-
ished.13 In this 2-year, double-blinded, placebo-controlled,
omparative trial, 639 participants living in apartment houses
or the elderly were enrolled. Participants were excluded if
hey were nonambulatory; had intestinal malabsorption, hy-
ercalcemia (serum calcium � 10.5 mg/dL), or advanced
idney disease (serum creatinine � 1.7 mg/dL); received
rugs known to alter bone metabolism within the past year
ie, corticosteroids, anticonvulsants, or high-dose thyrox-
ne); or had life expectancy less than 24 months.13

In this study, 610 of 639 enrolled participants were
ssigned randomly to 1 of the 2 active groups (calcium-
itamin D3 fixed-combination [Ca-D3] group or separate
alcium and vitamin D3 [Ca � D3] supplement group) or the
lacebo group. The sachet of the Ca-D3 fixed combination
Ostram-vitamin D3; Merck KGaA) contained a fixed com-
ination of 1,200 mg of elemental calcium in the form of
ricalcium phosphate and 800 IU of vitamin D3 in a single
ablet. In the group that received separate tablets of Ca � D3,
alcium (Ostram) content was 1,200 mg of elemental cal-
ium in the form of tricalcium phosphate, and the vitamin D3

Devaron; ie, cholecalciferol; Durphar Solvay, Leiderdorp,
he Netherlands) was given in 2 tablets of 400 IU each.13

easurement of Kidney Function

Because a number of factors, such as age, ethnicity, and

ex, can influence serum creatinine concentrations, level of l
idney function was defined by means of eGFR using the
ormula developed and validated in the Modification of Diet
n Kidney Disease (MDRD) Study.14 The 4-variable MDRD
tudy equation is as follows: GFR � 186.3 � (serum
reatinine�1.154) � (age�0.203) � 1.212 (if black) � 0.742
if female). Serum creatinine was assessed by means of the
affé rate-balked and compensated method using a kinetic
olorimetric assay on the Roche/Hitachi Modular P analyzer
F. Hoffman-LaRoche Inc Ltd, Basel, Switzerland).

All participants were classified into 1 of 3 eGFR categories:
0 or greater, 45 to 59, and less than 45 mL/min/1.73 m2. These
ategories were chosen because eGFR less than 45 mL/min/
.73 m2 is considered a more advanced state of kidney disease
ithin CKD stage 3 and less than 2% of participants were in the

ategory of CKD stage 4. Each eGFR category was then
ivided further based on the intervention arm to 1 of the 2
ctive groups or the placebo group.

iochemicalMeasurements

Laboratory tests were performed after an overnight fast at
ach investigation site and sent to a centralized laboratory
or measurement. All samples were kept frozen at �70°C
ntil analysis. Serum iPTH was measured by means of
mmunochemoluminometric assay (Ciba-Corning Diagnos-
ic, Medfield, MA), and bone alkaline phosphatase was
easured by using a 2-site radioimmunoassay (Tanden-R-
stase kit; Beckman-Coulter, Fullerton, CA). Serum
5(OH)D was measured using an Incstar 25(OH)D 2-step
ssay procedure with a coefficient of variation less than
0%. The first step in the procedure involves rapid extrac-
ion of 25(OH)D from serum by using acetonitrile. After
xtraction, the treated sample is assayed by using an equilib-
ium radioimmunoassay procedure. This method is based on
n antibody with specificity to 25(OH)D. The sample, anti-
ody, and tracer are incubated at 20°C to 25°C for 90
inutes. A second antibody-precipitating complex is used to

chieve phase separation. This method does not recognize
5(OH)D2 and 25(OH)D3 separately. The normal range for
dults given by the manufacturer of the kit (Incstar, Salug-
ia, Italy) is 15 to 50 ng/mL. Standard laboratory methods
ere used for the measurements of calcium and phosphate.13

tatistical Analysis

All statistical analyses were performed using SAS software,
ersion 8.2 (SAS Institute, Cary, NC). Baseline clinical charac-
eristics and biochemical parameters were summarized for the 3
GFR levels. Differences among the 3 eGFR levels were tested
y using nonparametric Kruskal-Wallis tests for continuous
ariables and �2 statistics for categorical variables.

For analysis examining changes in mean iPTH levels over
ime, the placebo and both active groups were examined
eparately following the design of the DECALYOS II to
etter evaluate changes in 25(OH)D and serum calcium
evels across kidney function groups during follow-up. Be-
ause changes in iPTH levels were identical between the 2
ctive groups, these were combined in a single active treat-
ent to further examine the effects of combined therapy on

respecified iPTH targets.
A mixed model was performed on the repeated iPTH
evels. Because of the skewed distribution of iPTH, its log
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as analyzed. The covariance structure of the repeated
easures over time was modeled as autoregressive. In each

f the 2 models, time was entered as a linear term with 1 df.
wo-way interactions between treatment, time, and eGFR

evel (time by treatment, time by eGFR, and treatment by
GFR) were entered into the model, as was the single 3-way
nteraction. The 3-way interaction was not significant. Only
he 2-way interaction between treatment and time was signifi-
ant and retained in the model.

The mixed model was performed at each time (6, 12, 18,
nd 24 months) to examine the effect of eGFR and active
reatment (pooled active arms versus placebo) on log iPTH,
ith covariate adjustment for baseline iPTH level. Propor-

ions of participants achieving a mean 30% or greater
ecrease in iPTH levels from baseline were compared at 6
nd 24 months across the active/placebo dichotomy of
reatment by CKD status by using Cochran-Mantel-Haens-
el tests. Parallel Cochran-Mantel-Haenszel analyses were
erformed on the binary outcomes of iPTH level greater
han 70 pg/mL and greater than 110 pg/mL at 2 key times, 6
nd 24 months. These efficacy treatment targets were chosen
n the basis of previous studies of the treatment of SHPT in
ersons with CKD.15-17

The association between increases in 25(OH)D levels
rom baseline, dichotomized at an increase to greater than 30
g/mL at months 6 and 24, was tested against change in
PTH levels from baseline at 6 and 24 months by using a
ank-based test (Kruskal-Wallis). We used the 25(OH)D
utoff level of greater than 30 ng/mL, in keeping with the
efinition of 25(OH)D repletion.12

RESULTS

emographics andBaselineCharacteristics

The 610 participants who were randomly as-
igned to 1 of 3 treatment arms were assessed at

Table 1. Demographic and B

Characteristics
eGFR � 60 mL/m

1.73 m2

GFR (mL/min/1.73 m2) 71.7 � 9.8
o. of patients (%) 288 (47.2)
ge (y) 84 � 7
eight (kg) 58 � 12
eight (cm) 155 � 7
ody mass index (kg/m2) 25 � 5
alcium intake (mg/d) 557 � 244
itamin D intake (IU/d) 40 � 26
iochemical measurements
Serum calcium (mg/dL) 9.1 � 0.4
Serum phosphorus (mg/dL) 3.2 � 0.5
Bone alkaline phosphatase (ng/mL) 16 � 16.8
25(OH)D (ng/mL) 8.8 � 6.4
iPTH (pg/mL) 62.3 � 44.3

Note: Values expressed as mean � SD. Conversion facto
g/dL to mmol/L, �0.3229; 25(OH)D in ng/mL to nmol/L,

PTH levels expressed in pg/mL and ng/L are equivalent.

Abbreviations: eGFR, estimated glomerular filtration rate; iPTH, int
isit 1 (6-month visit). In these patients, eGFR
as 60 mL/min/1.73 m2 or greater in 288 women

47.2%), 90 of whom were given Ca � D3, 101
ere given Ca-D3, and 97 were given placebo;
5 to 59 mL/min/1.73 m2 in 222 women (36.4%),
3 of whom were given Ca � D3, 79 were given
a-D3, and 70 were given placebo; and less than
5 mL/min/1.73 m2 in 100 women (16.4%), 36
f whom were given Ca � D3, 26 were given
a-D3, and 38 were given placebo. Baseline
emographics by level of kidney function were
imilar in all groups except for age, which in-
reased with decreasing eGFR (Table 1). Like-
ise, all biochemical parameters at baseline by
idney function level were similar with the excep-
ion of serum iPTH levels (Table 1). Further-
ore, within each eGFR level, no differences in

articipant characteristics were observed at base-
ine between the active treatment groups and the
lacebo group (not shown).

5(OH)DLevels andOther Biochemical
arametersAccording toKidney FunctionGroup

Baseline mean serum 25(OH)D levels were
ow in all 3 kidney function categories (Table 1)
nd all 3 treatment arms (Table 2). Across de-
reasing eGFR groups, 87.9%, 85.9%, and 89.1%
ad 25(OH)D levels less than 15 ng/mL at base-
ine. At the 24-month follow-up visit, 25(OH)D
eficiency had improved in participants receiv-

e Characteristics by eGFR

eGFR 45-59 mL/min/
1.73 m2

eGFR � 45 mL/min/
1.73 m2 P for Trend

53.1 � 4.2 38.3 � 4.5
222 (36.4) 100 (16.4)
86 � 7 87 � 7 �0.001
60 � 12 60 � 13 0.09

154 � 7 155 � 7 0.5
25 � 5 25 � 5 0.2

555 � 221 594 � 262 0.3
41 � 29 43 � 30 0.3

9.3 � 0.4 9.2 � 0.4 0.8
3.2 � 0.4 3.3 � 0.5 0.4

15.3 � 9.1 15.8 � 12.5 0.2
9.1 � 5.8 8.7 � 6.6 0.5

72.7 � 67.4 86.3 � 60 �0.001

nits: calcium in mg/dL to mmol/L, �0.2495; phosphorus in
6; eGFR in mL/min/1.7 3m2 to mL/s/1.73 m2, �0.01667.
aselin

in/

rs for u
�2.49
act parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D.
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Vitamin D3 in CKD 411
ng active treatment, such that only 35.5%, 34.2%,
nd 33.0% of participants across decreasing eGFR
ategories had levels less than 15 ng/mL. Changes
n 25(OH)D levels from baseline in both active
reatment groups significantly improved regard-
ess of kidney function level compared with
lacebo at all follow-up evaluations (P � 0.001
or all; Table 2).

Serum calcium, phosphorus, and bone alka-
ine phosphatase levels for randomized partici-
ants receiving active treatment and placebo per
GFR group at baseline and 6- and 24-month
ollow-up are listed in Table 3. At the end of the
tudy, change from baseline in serum calcium
evels was slightly different in the Ca � D3

roup, but not in the group randomized to Ca-D3

ompared with placebo across kidney function
roups. In addition, bone alkaline phosphatase
evels changed significantly in only the Ca � D3

roup in participants with eGFR less than 45
L/min/1.73 m2. No significant change was ob-

erved in serum phosphorus levels.

hanges in iPTHLevels

The mixed model showed an overall treatment
ffect on iPTH levels (P � 0.02), with the active
rms showing lower levels. Changes in mean iPTH
alues over all times were statistically significant

Table 2. Effect of the Study Medica

eGFR Group Baseline

GFR � 60 mL/min/1.73 m2

Placebo 9.2 � 7.8
Ca � D3 8.7 � 6.7
Ca-D3 8.4 � 4.9
No. of patients (placebo, Ca � D3, Ca-D3) 97, 90, 10

GFR 45-59 mL/min/1.73 m2

Placebo 10.2 � 6.5
Ca � D3 8.3 � 5.2
Ca-D3 8.8 � 5.7
No. of patients (placebo, Ca � D3, Ca-D3) 70, 73, 79

GFR � 45 mL/min/1.73 m2

Placebo 7.2 � 3.5
Ca � D3 11.3 � 9.2
Ca-D3 7.1 � 4.8
No. of patients (placebo, Ca � D3, Ca-D3) 38, 36, 26

Note: Values expressed as mean � SD. 25(OH)D levels
n ng/mL to nmol/L, �2.496; eGFR in mL/min/1.73 m2 to mL

Abbreviations: Ca � D3, group using calcium plus vitamin
ingle tablet; eGFR, estimated glomerular filtration rate; 25
*P � 0.001 for comparison of changes in 25(OH)D leve

hanges in placebo from baseline for each eGFR group.
ver all eGFR categories (P � 0.02) and were 9
bserved as early as 6 months postrandomization
Fig 1). Changes over time were significantly differ-
nt by treatment arm (P � 0.001), but not by
aseline eGFR level (P � 0.2). The effect on
reatment over time did not vary by baseline kidney
unction group (ie, interaction between treatment
roup, baseline eGFR, and time was not signifi-
ant; P � 0.4). Finally, the effect of vitamin D3 and
alcium supplementation had an identical effect in
lders with and without reduced eGFR at 6, 12, 18,
nd 24 months of follow-up (P � 0.1 for interac-
ion in all cases). In addition, at all follow-up
valuations in the placebo group, mean iPTH levels
ncreased from baseline and were outside the
DOQI Clinical Practice Guidelines for Bone Me-

abolism and Disease recommendations for the
ppropriate corresponding stage of CKD. This is in
ontrast to participants who received active treat-
ent in whom mean iPTH level decreased and
ere maintained within KDOQI targets (Fig 1).
Because no significant differences were ob-

erved between the Ca-D3 and Ca � D3 treat-
ent groups, for subsequent analysis, both active

roups were combined into a single active treat-
ent group. At 6 months, 50% of participants in

ach of 3 different kidney function groups and on
ctive treatment had a 30% or greater decrease in
PTH levels from baseline compared with 6% to

n 25(OH)D Levels per eGFR Group

Months 12 Months 18 Months 24 Months

.5 � 5.5 7.9 � 6.0 5.6 � 4.9 6.7 � 6.0

.6 � 9.4* 32.5 � 10.1* 30.0 � 8.4* 28.3 � 9.6*

.5 � 10.0* 34.0 � 10.2* 29.7 � 8.8* 29.0 � 9.7*
9, 86, 92 84, 79, 87 77, 72, 80 76, 78, 80

.2 � 5.2 8.9 � 6.7 6.2 � 4.8 6.3 � 5.5

.0 � 12.1* 38.6 � 13.3* 35.2 � 12.2* 34.2 � 12.8*

.2 � 9.1* 35.3 � 9.7* 30.0 � 10.2* 28.7 � 10.3*
4, 69, 70 49, 66, 67 43, 59, 64 48, 57, 67

.5 � 2.5 8.0 � 3.6 7.3 � 5.6 4.5 � 3.1

.3 � 8.2* 37.5 � 9.5* 35.0 � 10.4* 33.5 � 12.1*

.8 � 9.5* 32.6 � 10.2* 30.1 � 12.6* 27.1 � 8.8*
2, 30, 23 30, 27, 21 26, 24, 20 28, 20, 18

grams per milliliter. Conversion factors for units: 25(OH)D
m2, �0.01667.

eparate tablets; Ca-D3, group using calcium–vitamin D3 in
25-hydroxyvitamin D.
baseline for groups receiving Ca � D3 or Ca-D3 versus
tion o

6

7
33
32

1 8

8
37
33

5

6
35
32

3

in nano
/s/1.73
D3 in s

(OH)D,
ls from
% in the placebo group (P � 0.001 for all
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roups). Similarly, the percentage of participants
ith a 30% or greater decrease from baseline

PTH levels in the groups receiving active treat-
ent was significantly greater compared with

lacebo at the 24-month visit across eGFR groups
P � 0.001 for all groups). Furthermore, kidney
unction was categorized as eGFR of 60 mL/min/

Table 3. Serum Calcium, Phosphorus, and Bone A
Treatment and Pl

eGFR Group B

GFR � 60 mL/min/1.73 m2

Placebo
Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 18

Ca � D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 13

Ca-D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 14

GFR 45-59 mL/min/1.73 m2

Placebo
Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 14

Ca � D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 14

Ca-D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 14

GFR � 45 mL/min/1.73 m2

Placebo
Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 18

Ca � D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 16

Ca-D3

Calcium (mg/dL) 9
Phosphorus (mg/dL) 3
Bone alkaline phosphatase (ng/mL) 15

Note: Values expressed as mean � SD. Conversion facto
g/dL to mmol/L, �0.3229; 25(OH)D in ng/mL to nmol/L, �
Abbreviations: Ca � D3, group using calcium plus vitamin

ingle tablet; eGFR, estimated glomerular filtration rate.
*P � 0.05 for the comparison of changes from baseline b

rom baseline for each eGFR group.
.73 m2 or greater versus less than 60 mL/min/ f
.73 m2. In participants with CKD (ie, eGFR �
0 mL/min/1.73 m2), 50% and 42% of partici-
ants had a 30% or greater decrease from base-
ine iPTH levels at 6 and 24 months, respectively
P � 0.001; Fig 2). In addition, a greater propor-
ion of participants receiving placebo had an
PTH level greater than the KDOQI target range

Phosphatase Levels in Groups Receiving Active
per eGFR Group

6 Months 24 Months

5 9.0 � 0.5 9.0 � 0.4
5 3.3 � 0.4 3.3 � 0.5
.4 18.5 � 24.5 16.7 � 12.3

5 9.3 � 0.5* 9.3 � 0.6*
4 3.4 � 0.4 3.4 � 0.4
3 12.9 � 8.5 15.0 � 9.9

5 9.2 � 0.5* 9.1 � 0.5
4 3.4 � 0.4 3.4 � 0.4
2 12.0 � 5.4* 14.4 � 6.7

4 9.0 � 0.4 9.0 � 0.5
4 3.3 � 3.6 3.3 � 0.5
3 15.0 � 6.8 18.0 � 12.2

5 9.3 � 0.5* 9.3 � 0.6*
5 3.5 � 0.5 3.3 � 0.5
9 12.4 � 7.4* 12.9 � 5.4

4 9.3 � 0.4* 9.4 � 0.6
6 3.4 � 0.4 3.4 � 0.5
3 11.5 � 6.2* 13.4 � 7.5

5 9.1 � 0.4 9.3 � 0.6
6 3.5 � 5.2 3.4 � 0.6
.9 17.3 � 6.5 20.4 � 16.2

5 9.3 � 0.5 9.3 � 0.7*
5 3.5 � 0.4 3.4 � 0.4
.4 10.8 � 3.9* 14.4 � 11.7*

5 9.5 � 0.8 9.2 � 0.4
5 3.4 � 0.6 3.2 � 0.4
9 13.4 � 6.1* 13.5 � 7.3

nits: calcium in mg/dL to mmol/L, �0.2495; phosphorus in
eGFR in mL/min/1.73 m2 to mL/s/1.73 m2, �0.01667.

separate tablets; Ca-D3, group using calcium-vitamin D3 in

n the Ca � D3 or Ca-D3 group versus changes in placebo
lkaline
acebo

aseline

.2 � 0.

.2 � 0.

.2 � 26

.2 � 0.

.2 � 0.

.7 � 8.

.2 � 0.

.2 � 0.

.7 � 7.

.2 � 0.

.2 � 0.

.4 � 7.

.2 � 0.
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onths compared with participants receiving ac-
ive treatment across eGFR groups (P � 0.001
or all; Fig 3). Similar results were obtained
hen an iPTH cutoff level of 110 pg/mL was
sed (P � 0.01 for all; data not shown).
Additional analysis was performed to examine

hanges in iPTH levels from baseline in the
roup of participants receiving active treatment.
articipants were dichotomized to an increase in
5(OH)D level to greater than 30 ng/mL at 6 and
4 months. Participants who achieved a 25(OH)D
evel greater than 30 ng/mL had a significant
ecrease in median iPTH level from baseline
ompared with those not achieving a level greater
han 30 ng/mL at each time examined: �23
g/mL; (25th and 75th percentiles, �8 and �46)
ersus �13 pg/mL (25th and 75th percentiles,
1 to �30) at 6 months (P � 0.001) and �17

g/mL (25th and 75th percentiles, �36 to 2.0)
ersus �5 pg/mL (25th and 75th percentiles,
25 and 6.0) at 24 months (P � 0.02).

DISCUSSION

The findings from this study provide evidence
hat supplementation with 800 IU/d of vitamin D3

s either a fixed or separate combination with 1,200
g/d of calcium significantly improved serum

5(OH)D levels and decreased serum iPTH concen-
rations in an elderly group of women with predomi-
antly CKD stage 3 with severe vitamin D defi-
iency. The effectiveness of cholecalciferol in our
ohort did not vary according to level of kidney
unction and persisted up to 24 months after the

Figure 2. Proportion of patients with a 30% or greater
ecrease from baseline in intact parathyroid hormone
iPTH) level in the groups receiving active treatment ver-
us placebo per chronic kidney disease (CKD) status (P �
.001 for comparison between the active treatment group
ersus placebo at 6 and 24 months for participants with
nd without CKD). Abbreviation: eGFR, estimated glomer-
lar filtration rate.
Figure 1. (A-C) Effect of study medication on intact
arathyroid hormone (iPTH) levels per estimated glomeru-

ar filtration rate (eGFR; P � 0.02 for treatment effect). (A)
GFR of 60 mL/min/1.73 m2 or greater and iPTH target

ess than 60 pg/mL, (B) eGFR of 59 to 45 mL/min/1.73 m2

nd iPTH target of 35 to 70 pg/mL, and (C) eGFR less than
5 mL/min/1.73 m2 and iPTH target for stage 3 CKD of 35

o 70 pg/mL and for stage 4 CKD of 70 to 110 pg/mL. iPTH
evels expressed in pg/mL to ng/L are equivalent. Abbrevia-
ions: Ca � D3, group using calcium plus vitamin D3 in
eparate tablets; Ca-D , group using calcium–vitamin D
nitiation of 25(OH)D replacement therapy.
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This cohort of elderly women with moderate
KD was found to have an exceptionally low
ean baseline 25(OH)D level. In all categories

f eGFR, the percentage of participants with
aseline serum 25(OH)D levels greater than 30
g/mL was only 1% or less. Despite profound
eficiency, our analyses confirm that replace-
ent with cholecalciferol increases average

5(OH)D levels close to those considered suffi-
ient by the KDOQI (ie, �30 ng/mL)12 across
ifferent eGFR levels compared with placebo. In
ddition, up to 50% of patients with CKD (ie,
GFR � 60 mL/min/1.73 m2) had a 30% or
reater decrease in iPTH levels from baseline
fter 6 months of randomization to active treat-
ent. That up to half the participants with CKD

xperienced this degree of iPTH level decrease
ith cholecalciferol supplementation is substan-

ial compared with 56% and 91% of patients with
30% or greater decrease in iPTH levels seen in

inacalcet- and oral paracalcitol–treated patients
ith CKD, respectively.15,16 Hence, the 30% de-

rease in iPTH levels from baseline provides a
easure of efficacy of vitamin D3, as well as a
eans of comparison with other active agents that

ave been developed to decrease iPTH levels.15-17

The rationale for combining 25(OH)D and
alcium in the DECALYOS II was that oral
alcium supplementation in vitamin D–depleted
articipants had been reported to prevent signifi-
ant loss of bone mineral density at the femoral
eck, which was one of the aims of DECALYOS
I.13,18 In this post hoc analysis, we cannot sepa-
ate the independent effects of calcium and chole-
alciferol on iPTH levels. Of note, changes in
erum calcium levels at the end of the study were
tatistically, although not clinically, greater in the
a � D3 group versus placebo, but not in partici-
ants randomized to Ca-D3 despite similar
hanges in iPTH levels. Nonetheless, normaliza-
ion of calcium homeostasis has been shown to
revent the development of hyperparathyroidism
n vitamin D receptor–ablated mice.19 Liu et al20

valuated the influence of non–calcium- and cal-
ium-containing binders on iPTH levels in pa-
ients with hyperphosphatemia receiving hemodi-
lysis. In this study, mean change in serum
alcium level during the 8 weeks of treatment
as 0.12 mg/dL for the non–calcium-containing
roup and 0.82 mg/dL for the calcium-contain-
Figure 3. (A-C) Proportion of participants with an intact
arathyroid hormone (iPTH) level greater than 70 pg/mL
er estimated glomerular filtration rate (eGFR) category in
he groups receiving active treatment versus placebo (P �
.001 for comparison between active treatment group ver-
us placebo at 6 and 24 months for all kidney function
roups). (A) eGFR of 60 mL/min/1.73 m2 or greater, (B)
GFR of 59 to 45 mL/min/1.73 m2, and (C) eGFR less than
ng group (P � 0.001). Median changes in iPTH
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evels were �69.0 and �178 pg/mL (P � 0.002)
or the non–calcium- and calcium-containing
roups, likely because of the greater serum cal-
ium levels achieved with calcium-containing
inders, respectively. Although the population
tudied in our analysis is limited mainly to pa-
ients with CKD stage 3, changes in serum cal-
ium levels were similar to those reported by Liu
t al20 in hemodialysis patients receiving non–
alcium- binders, suggesting that the small
hanges seen in the Ca � D3 group likely did not
ave an important contribution to decreasing
PTH concentrations. In addition, Zhu et al21

valuated the effects of calcium and ergocalcif-
rol supplementation on iPTH levels in elderly
omen. In participants with baseline iPTH lev-

ls greater than the median, the calcium and
rgocalciferol group had significantly lower iPTH
oncentrations compared with the calcium-only
roup (P � 0.003), thus supporting that vitamin
supplementation is an important component of

he intervention in decreasing iPTH levels.
To our knowledge, only 1 other randomized

ontrolled trial has examined the impact of vita-
in D supplementation in patients with CKD on

erum iPTH levels.22 However, this study differs
rom the present study in that participants were
andomized to receive once-weekly cholecalcif-
rol doses of 50,000 IU or placebo for only 12
eeks. With this regimen, the investigators found
significant improvement in serum 25(OH)D

oncentration in the cholecalciferol-treated group,
hich increased from an average of 17.3 ng/mL

t baseline to 49.4 ng/mL at week 12, with a
rend toward decreasing iPTH levels (P � 0.07).
ther retrospective studies23-25 have evaluated
itamin D supplementation in patients with CKD;
owever, these studies had much shorter fol-
ow-up (90 days to 7.4 months) compared with
he present study (24 months); evaluated the
mpact of ergocalciferol supplementation, not
aily cholecalciferol supplementation; and were
ot compared with a placebo arm.
The major form of vitamin D used by clinicians

o determine body stores of vitamin D is 25(OH)D.
his form of vitamin D then must be converted in

he kidneys by 25-hydroxyvitamin D-1�-hydroxy-
ase to the biologically active form 1,25(OH)2D3,
nown as calcitriol.26-28 Calcitriol decreases the
ynthesis and secretion of iPTH by the parathyroid

lands and decreases its own synthesis through a
egative feedback. Recently, Ritter et al29 also
eported that 25(OH)D can suppress iPTH synthe-
is in bovine parathyroid cells, and activation to
,25(OH)2D3 apparently is not required, suggest-
ng a direct interaction of 25(OH)D with the vita-

in D receptor.29 Thus, a decrease in serum
5(OH)D levels may aggravate SHPT in those with
KD and decreased kidney function.
This study has several limitations. First, it was
study of predominantly elderly white women
ith CKD stage 3 and hence may not be appli-

able to other populations and patients with more
dvanced stages of CKD. Second, a gold-stan-
ard measure of eGFR, such as inulin or radioiso-
ope clearance, was not performed. Also, serum
reatinine was not calibrated to the MDRD Study
aboratory and was measured on a single blood
pecimen. Thus, it is possible that within-person
ariation in serum creatinine levels resulted in
isclassification of kidney function. However,

he MDRD Study equation is easy to calculate
nd currently represents the prediction equation
f choice in the elderly.30 Third, 1,25(OH)2D3

evels were not measured in this study; thus,
nformation regarding change in its level in re-
ponse to vitamin D3 supplementation, correla-
ion with 25(OH)D levels at baseline and follow-
p, and relationship to iPTH levels cannot be
scertained. Finally, this study examined the ef-
ect of only a single dose of 800 IU of vitamin

3. Therefore, the impact of higher doses or
upplementation with vitamin D2 (ergocalcif-
rol) in this population and the impact of this
egimen in CKD populations different from the
resent study are not known.
In conclusion, our results are in accord with the

urrent KDOQI guidelines for replacing vitamin D
n the setting of SHPT in patients with CKD stage
. In this study, cholecalciferol was found to effec-
ively decrease iPTH levels and has the benefits of
eing relatively inexpensive and widely available.
urthermore, the findings of our study support the
oncept that participants with CKD have a more
5(OH)D-substrate–dependent increase in iPTH
evels that can be corrected at least partially with
itamin D3 supplementation. However, additional
esearch is needed to define the optimal dose,
requency, and target level of 25(OH)D in patients
ith all stages of CKD, as well as the role of

ombined vitamin D2 or D3 supplementation with

ctive vitamin D compounds or calcimetic agent
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nitiation in participants with stages 3 and 4 CKD
nd persistent SHPT.
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