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Introduction: In a high percentage of patients with chronic kidney disease (CKD) low levels

of vitamin D are detected. The purpose of this study was to evaluate if the native vitamin

D therapy (cholecalciferol) in the patients with stage 3 and hypovitaminosis D allows to

modify markers of bone and mineral metabolism once normal serum levels have been

achieved.

Materials and methods: From an initial base of 297 patients with CKD and hypovitami-

nosis D, those with normal or high levels of PTH were chosen for therapy with native

vitamin D. The initial administered dose was 1000 IU/day, with adjustments every 4 months

of 1000 IU (maximum 4000 IU/day, according to RDA and IOM), until achieving serum

levels of 25 hydroxyvitamin D greater than 30 ng/mL and lower than 80 ng/mL. The

variables calcium, phosphorus, intact parathormone (iPTH), creatinine and glomerular filtra-

tion rate (GFR) were also evaluated every 4 months.

Results: The total number of patients included in this study was 170. Seventy-three patients

were excluded along the follow-up: 17 non-responders (never achieved the projected serum

levels of vitamin D), and 56 for not completing one year of follow-up. A total of 97 patients

were finally included. In 82 patients, follow-up was achieved for 12 months (G1) and in 38

patients for 24 months (G2). In 15 patients despite achieving satisfactory levels of vitamin

D at 12 months, it was not possible to obtain adequate levels of iPTH for their GFR

according to K/DOQI 2003 guidelines and they were called refractory to therapy (G3). In

both groups 1 and 2, a non-significant tendency to increase calcium and serum phosphorus

was observed. iPTH decreased significantly at 12 and 24 months follow-up. In group 3, we

opted at 12 months for conversion to calcitriol, with a significant reduction in iPTH values.

In this group, the initial value of GFR was close to 30 mL/min, and its fall in time more

significant than the other two groups to CKD stage 4.

Conclusion: Cholecalciferol with adjustment in its dose, and obtaining normal serum levels

is an excellent therapeutic alternative for the treatment of patients with CKD stage 3, and

hypovitaminosis D. In the group of patients with GFR close to 30 mL/min, or lower values

(stage 4), and with the presence of secondary hyperparathyroidism, the use of active form of

vitamin D (calcitriol, paricalcitol) is recommended as the first therapeutic alternative.
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Introduction
Active vitamin D (calcitriol) is necessary for the adequate intestinal absorption of

calcium and phosphorus, calcium reabsorption in the distal convoluted tubule, and

inhibition in the synthesis and secretion of the parathormone (PTH). The synthesis
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of the active vitamin D (1.25(OH)2D or calcitriol) requires

the presence of adequate circulating blood levels of 25

hydroxyvitamin D3 or D2 (calcidiol (25(OH)D3) or ercal-

cidiol (25(OH)D2)), which were filtrated in the glomeruli,

reabsorbed by the cells in the proximal convoluted tubule

and exposed to the mitochondrial enzyme 1 alfa

hydroxylase.1 Various extrarenal cells in numerous tissues

express 1 alfa hydroxylase, and possess the enzymatic

capacity to convert 25 hydroxyvitamin D to calcitriol,

where it may exert various local effects noncalcemic that

include promotion of cell differentiation, induction of

apoptosis, suppression of cell proliferation, and modula-

tion of immune function.2,3

Recent KDIGO guidelines recommend that serum cal-

cium, phosphorus, PTH, alkaline phosphatase and vitamin

D (25 (OH) D) levels be monitored in patients with

chronic kidney disease (CKD) from stage 3, in order to

practice early correction of the same, and avoid the

appearance of bone and mineral disorders.4 The impor-

tance of such monitoring has been demonstrated by us in

CKD patients of different stages, and in kidney transplant

patients on whom we documented that vitamin

D insufficiency and deficiency are common, findings that

are more evident as kidney deterioration progresses. Its

consequences are substrate deficit for the kidney, and

impact on bone health which is reflected on the progres-

sive increase of PTH levels and alkaline phosphatase with

a decrease in serum calcium levels.5,6 In CKD patients and

even in those patients on dialysis therapy, vitamin D serum

levels have also been associated in various studies to

a higher death rate due to overall causes, cardiovascular

mobility, and a higher incidence of albuminuria, and its

progression to higher stages.7–10

The aim of this study was to evaluate, in our previously

reported population with stages 3 CKD, and kidney trans-

plant patients, if oral administration of native vitamin

D (cholecalciferol) in patients with low serum levels can

raise their values to normal ranges, and modify markers of

bone and mineral metabolism which could be present.

Materials and Methods
This study was carried out at the University of Caldas and

RTS Caldas branch. The population studied lived in the

city of Manizales, Caldas, Colombia, South America,

where there are no significant seasonal variations through-

out the year. The patients with stage 3 CKD who took part

in this study were taken from a previous database, in

which those with levels deficit or insufficient of vitamin

D were identified.5,6 Exclusion criteria: having received

native vitamin D in the last 6 months, having been treated

with vitamin D selective or non-selective analogues or

cinacalcet, suffering from liver failure, acute or chronic

active infection, neoplasia, primary hyperparathyroidism,

intestinal malabsorption disorders, and having serum

levels of PTH lower than the lowest acceptable limit for

glomerular filtration rate (GFR). In this sense, patients

with intact PTH (iPTH) values lower than 30 pg/mL

when the stage of CKD was 3 (GFR greater than 30 mL/

minute/1.73 mt2) were excluded, due to their possibility of

inducing adynamic bone, and according to international

recommendations for when the study began.11,12 All the

patients received an initial dose of 1000 IU/day of vitamin

D3 (cholecalciferol), and adjustments were made in 1000

IU every 4 months depending on the serum levels. The

maximum projected dose was 4000 IU/day, according to

the maximum RDA (Recommended Dietary Allowance)

and concept of IOM (Institute of Medicine) 2011.13 The

goal was to obtain vitamin D serum levels between 30 ng/

mL and 80 ng/mL during the first 12 months of follow-up

after administering vitamin D, and then keep them in those

rates for 24 months, adjusting the oral dose when

necessary.9 The above-mentioned serum vitamin

D values were chosen since values higher than 80 ng/mL

have been considered compatible with high levels, thus

avoiding reaching vitamin D toxicity levels: higher than

120 ng/mL.14–16 In the patients who developed hypercal-

cemia or vitamin D levels higher than 80 ng/mL vitamin

D dose was either reduced in 1000 IU/day or suspended

depending on the physician criterion. Hyperphosphatemia

was initially prevented by nutritional recommendations,

and in those who presented it, in addition to intensifying

the diet was used for all groups calcium carbonate or

a short period of aluminum hydroxide as an oral phosphate

binder.17 The foregoing, given that by the date we con-

ducted the study we did not have other binders such as

sevelamer carbonate. After applying the previous protocol

we found 3 groups of patients, which we decided to call as

follows: the first group as “non-responders”: patients in

whom after 12 months of treatment, and having received

the maximum projected dose of 4000 IU/day failed to

achieve serum vitamin D levels greater than 30 ng/mL.

The second group as “responders”: characterized by

achieving satisfactory vitamin D serum levels, and the

third group as “refractories”: patients who were refrac-

tories to therapy with native vitamin D, those patients in

which despite obtaining serum vitamin D levels greater
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than or equal to 30 ng/mL, exhibited persistent elevation in

iPTH levels to values greater than 70 pg/mL when their

GFR was greater than 30 mL/min, or iPTH greater than

110 pg/mL with GFR between 15 and 30 mL/min.11 In this

last group of patients, cholecalciferol was discontinued

and calcitriol was prescribed at an initial dose of 0.25

ug, with increases of 0.25 ug every 4 months depending

on the response, due to its demonstrated ability to affect

iPTH in this group of patients, in whom its long-term use

has been questioned.18,19

The patients were monitored for serum vitamin

D levels (by electrochemiluminescence), calcium, phos-

phorus, creatinine and iPTH every 4 months. The GFR

was calculated by the 4 variables MDRD equation, with

the standardized serum creatinine assay.20 The levels of

alkaline phosphatase or bone mineral density were not

routinely evaluated. The levels of 25 (OH) D were defined

according to the relationship among the vitamin D serum

levels, parathormone and intestinal transport of calcium

according to the International Osteoporosis Foundation

and National Osteoporosis Foundation 2005–2010,21,22

American Geriatrics Society Consensus23 and observations

regarding the prevalence of the detected levels in the

Middle East, and some regions of Europe and Asia.24–26

Values higher than 30 ng/mL (75 nmol/L) were considered

normal, insufficient between 11 and 30 ng/mL (25 a 75

nmol/L), and deficient lower than 10 ng/mL (25 nmol/L).

The value recommended by The Endocrine Society (USA)

was not taken into consideration since for our initial

studies5,6 it was probable that the number of patients

detected in deficit (values lower than 20 ng/mL) was

very high, which could impact highly on the selected

therapy.27 Three groups were identified for the report:

Group 1 (G1): patients who completed 1 year (48 weeks)

of follow-up, Group 2 (G2): patients who completed 2

years of follow-up (96 weeks). Group 3 (G3): patients

refractory to therapy with vitamin D and converted to

calcitriol. SPSS statistical package version 20 was used

to determine the statistically significant differences in all

the groups and in each of the laboratory tests during the

follow-up. To conclude the existence of lack of it among

the tests, the method chosen was the distribution of the

probability t of student for samples related and the value

p<0.05 allowed us to identify the presence of such differ-

ences. Neither consent form nor authorization from the

patients was required since the therapy supplied did not

constitute an experimental test and is recommended by

international guidelines. The study was a original research,

and approved by the research committee of RTS for

Colombia, and Bioethics of the University of Caldas.

Results
Our initial base was 297 patients, 268 with insufficient vitamin

D levels and 29 in deficit; 127 patients at admission were

excluded by several factors: 46 patients had PTH levels

below those accepted for their GFR, 23 were in stage 5, 3

with CKD stage 4 were re-transplanted, and 55 had been

transferred to another renal unit.5,6 The total number of

patients included in this study was 170. Seventy-three patients

were excluded along the follow-up: 17 non-responders and 56

for not completing one year of follow-up or for not completing

the number of additional studies required every 4 months. The

latter due to factors connected with the health contracting

system operating in Colombia, with frequent transfers to

other health facilities, with which it was impossible to estab-

lish a satisfactory relationship to determine the evolution of the

patients. Ninety-seven (97) patients were finally included in

the data base for statistical analysis, 82 patients from Groups 1

and 2 and 15 from Group 3. Eighty-two patients formed the

G1 and finished the 48-week follow-up. Their initial vitamin

Table 1 Vitamin D Levels in Each Group

Marker Groups Measurement Time

Basal Initial 4 Months 8 Months 12 Months 16 Months 20 Months 24 Months

Average 1 17.9 30.0 35.5 36.3 – – –

Standard deviation 5.6 9.3 11.5 4.7 – – –

Average 2 17.5 30.9 35.5 35.5 35.8 37.1 37.4

Standard deviation 5.0 11.6 11.6 8.6 7.7 4.4 6.6

Average 3 16.2 22.0 26.7 38.8 – – –

Standard deviation 6.1 5.5 6.5 8.1 – – –
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D levels were 17.9 ± 5.6 ng/mL, and 12months later were 36.3

± 4.7 ng/mL (Table 1, Figure 1). In this group, the change in

the initial value of the variables and 12 months later for serum

calcium was from 9.3 ± 0.5 mg/dL to 9.5 ± 0.8 mg/dL, for

serum phosphorus from 3.7 ± 0.7 mg/dL to 3.8 ± 0.7 mg/dL,

for iPTH from 97.5 ± 50.7 pg/mL to 65.6 ± 31.0 pg/mL. In

addition, the glomerular filtration rate (GFR) changed from

34.24 ± 13.84 mL/min/1.73 m2 to 31.41 ± 14.15 mL/min/

1.73 m2 (GFR decline 2.83 mL/min/1.73 m2/year). In general,

it was observed that the levels of serum calcium and phos-

phorus increased slightly, whereas iPTH and GFR values

decreased. A statistically significant difference was documen-

ted in serum calcium, GFR and iPTH values (Table 2,

Figure 2). In the G2, 38 patients were followed for

96 weeks. Initially, their vitamin D levels were 17.5 ±

5.0 ng/mL, and later they were modified to 35.5 ± 8.6 ng/mL

after 12 months, and 37.4 ± 6.6 ng/mL after 24 months

(Table 1 and Figure 1). No significant changes were observed

at 12 or 24 months in serum calcium or phosphorus levels.

GFR value changed from an initial value of 35.9 ± 14.7 mL/

min/1.73 m2 to 32.1 ± 15.3 mL/min/1.73 m2 at 24 months

(GFR decline 1.88 mL/min/1.73 m2/year), and iPTH from

105.1 ± 50.6 pg/mL to 66.2 ± 20.5 pg/mL. A statistically

significant difference was documented in GFR and iPTH

levels in this group (Table 3, Figure 3). The required average

dose to obtain adequate vitamin D levels in the 82 patients was

1600 ± 690 IU/day, 28 (34.15%) patients needed a dose of

1000 IU, 48 (58.54%) of 2000 IU, and 6 (7.32%) of 4000 IU.

Fifteen patients were refractory to vitamin D therapy (G3). In

all the cases, with the progressive adjustment of the dose, it

was possible to achieve levels higher than 30 ng/mL at

Basal

initial
4 months 8 months

12

months

16

months

20

months

24

months

Group 1 17.9 30.0 35.5 36.3

Group 2 17.5 30.9 35.5 35.5 35.8 37.1 37.4

Group 3 16.2 22.0 26.7 38.8

0
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Figure 1 Average results of vitamin D levels in each group.

Table 2 Main Variables Characteristics & Statistic Test, Group 1

Laboratories Group 1

GFR

(mL/min/

1.73 m2)

Calcium

(mg/dl)

Phosphorus

(mg/dl)

iPTH

(pg/mL)

Average initial 34.2 9.3 3.7 97.5

S.D. initial 13.8 0.5 0.7 50.7

Average 4 months 32.9 9.4 3.8 74.7

S.D. 4 months 14.2 0.6 0.7 40.6

Average 8 months 32.8 9.5 3.9 75.2

S.D. 8 months 13.6 0.7 0.7 36.1

Average 12 months 31.4 9.5 3.8 65.6

S.D. 12 months 14.1 0.8 0.7 31.0

t Test 3.18 −1.77 −0.92 4.88

p Value 0.02 0.08 0.36 0.00

Abbreviations: GFR, glomerular filtration rate; S.D, standard deviation; iPTH,

intact parathyroid hormone.
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12 months. The initial values of vitamin Dwere 16.2 ± 6.1 ng/

mL, and those before opting for conversion to calcitriol 38.8 ±

8.1 ng/mL (Table 1, Figure 1), requiring a final vitamin D dose

of 1630 ± 488 IU. Regarding the GFR in this group, its initial

value was 33.1 ± 10.9 mL/min/1.73 m2, and at the moment of

conversion, it was 27.8 ± 10.1 mL/min/1.73 m2 (GFR decline

5.36 mL/min/1.73 m2/year). After the changing to calcitriol,

the patients were followed for 8 more months, requiring an

average dose of 0.258 ± 0.046 ug. The evolution of the serum

calcium, phosphorus, iPTH variables, before and after con-

verting to calcitriol can be observed in Table 4 and Figure 4. In

general, serum calcium and phosphorus tended to increase.

iPTH had an initial value of 134.9 ± 58.2 pg/mL, and 12

months after therapy with vitamin D its value was 125.9 ±

49.2 pg/mL. After the conversion to calcitriol, these values

changed to 93.7 ± 30.3 pg/mL, 82.0 ± 16.3 pg/mL at month 16

and 20 of incorporation into the study, respectively (Table 4,

Figure 4). A statistically significant difference was documen-

ted in the changes presented by the GFR and iPTH variables.

During the treatment, hypercalcemia was observed in only

three patients, who responded well to the dose adjustment of

cholecalciferol, although it was common for hypercalcemia to

extend for up to threemonths, reflecting the average prolonged

life of cholecalciferol.

Discussion
Active vitamin D synthesis (1.25(OH)2D) is a process that

starts in the skin with exposure of 7-dehydrocholesterol to

ultraviolet light generating pre-vitamin D3, which later experi-

ences thermal isomerization, later converted to vitamin D3 in

the liver due to the action of enzyme 25 hydroxylase which

generates 25 hydroxyvitamin D3 (calcidiol (25(OH)D3)),

which is filtrated in the glomeruli, reabsorbed by the proximal

convoluted tubule cells and exposed to the mitochondrial

enzyme CYP27B1 (1 alfa hydroxylase), generating the active

Initial 4 months 8 months 12 months

GFR 34.2 32.9 32.8 31.4

Calcium 9.3 9.4 9.5 9.5

Phosphorous 3.7 3.8 3.9 3.8

iPTH 97.5 74.7 75.2 65.6

0.0

20.0

40.0

60.0

80.0

100.0

120.0
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v
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r
a
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e

Figure 2 Average results of group 1 laboratories, since beginning to 12 months.

Abbreviations: GFR, glomerular filtration rate; iPTH, intact parathyroid hormone.

Table 3 Main Variables Characteristics & Statistic Test, Group 2

Laboratories Group 2

GFR

(mL/min/

1.73 m2)

Calcium

(mg/dl)

Phosphorus

(mg/dl)

iPTH

Average initial 35.9 9.3 3.8 105.1

S.D. initial 14.7 0.4 0.7 50.6

Average 4 months 34.6 9.4 3.6 80.6

S.D. 4 months 13.5 0.5 0.7 37.1

Average 8 months 34.3 9.5 3.8 75.6

S.D. 8 months 13.8 0.8 0.6 34.0

Average 12 months 34.0 9.4 3.7 70.6

S.D.12 months 14.6 0.9 0.6 31.2

Average 16 months 33.3 9.4 3.8 79.7

S.D. 16 months 13.6 0.7 0.7 33.7

Average 20 months 32.3 9.4 3.8 63.2

S.D. 20 months 13.3 0.8 0.6 23.0

Average 24 months 32.1 9.4 4.0 66.2

S.D. 24 months 15.3 0.5 0.5 20.5

t Test 5.19 0.33 −1.02 5.12

p Value 0.00 0.74 0.31 0.00

Abbreviations: GFR, glomerular filtration rate; S.D, standard deviation; iPTH,

intact parathyroid hormone.
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form.1 Typically, the concept of adequate serum levels of

vitamin D has been supported by its ability to avoid the

increase of PTH levels above its normal values, which is

achieved with values higher than 31 ng/mL (78 nmol/L),28

but when analyzing the values per age in young adults it would

be 28 ng/mL (70nmol/L), and in people older than 75would be

40 ng/mL (100 nmol/L),29 although in another study the con-

centrations of PTH were elevated with base serum levels of

calcidiol lower than 44 ng/mL (110 nmol/L).30 The Medical

Institute (IOM) suggests that vitamin D levels close to 20 ng/

mL (50mmol/L) fulfill the requirements of 97.5%of the global

population, but in its conclusions it establishes the limit of 30

ng/mL (75 nmol/L) as the limit value above which there is not

enough evidence to obtain more benefits in bone health.31 In

favor of 30 ng/mL level are the results of the post-mortem bone

histological analysis of iliac crests in individuals without sec-

ondary bone disease, in whom a defective bone mineralization

was documented when the serum levels of vitamin D taken

also during the autopsy were identified under 30 ng/mL (75

mmol/L).32 There is agreement in the recent KDIGO and

European Pediatric Nephrology guidelines for bone and

mineral disorders in CKD (the latter applicable to patients

under 18 years of age) that it is advisable to determine serum

vitamin D levels in patients with CKD, recognizing that such

levels are marker of bone status, although they reflect is sun

exposure.4,33 They also recommended that in stages 3 to 5D

CKD patients who have been detected with insufficient levels

or deficit of vitamin D should be corrected to prevent the onset

of hyperparathyroidism, or correct it if it would be present.

Initial 4 months 8 months
12

months

16

months

20

months

24

months

GFR 35.9 34.6 34.3 34.0 33.3 32.3 32.2

Calcium 9.3 9.4 9.5 9.4 9.4 9.4 9.4

Phosphorous 3.8 3.6 3.8 3.7 3.8 3.8 4.0

iPTH 105.1 80.6 75.6 70.6 79.7 63.2 66.2

0.0

20.0

40.0

60.0

80.0

100.0

120.0

A
v
e
r
a
g
e

Figure 3 Average results of group 2 laboratories, since beginning to 24 months.

Abbreviations: GFR, glomerular filtration rate; iPTH, intact parathyroid hormone.

Table 4 Main Variables Characteristics & Statistic Test, Group 3

Laboratories Group 3

GFR

(mL/min/

1.73 m2)

Calcium

(mg/dl)

Phosphorus

(mg/dl)

iPTH

Average initial 33.1 9.3 4.0 134.0

S.D. initial 10.9 0.5 0.6 58.2

Average 4 months 30.7 9.5 4.2 123.1

S.D. 4 months 10.6 0.6 0.7 54.4

Average 8 months 29.1 9.2 4.2 127.9

S.D. 8 months 11.3 0.5 0.7 55.0

Average 12 months 27.8 9.3 3.9 125.9

S.D. 12 months 10.1 0.7 0.5 49.2

Average 16 months 28.7 9.4 4.0 93.7

S.D. 16 months 11.6 0.6 0.6 30.3

Average 20 months 26.5 9.5 4.1 82.0

S.D. 20 months 10.5 0.6 0.5 16.3

t Test 2.19 −0.30 −0.93 4.05

p Value 0.05 0.77 0.37 0.00

Abbreviations: GFR, glomerular filtration rate; S.D, standard deviation; iPTH,

intact parathyroid hormone.
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There are few studies with preventive intervention. In one of

them carried out in 40 children with stage 2 to 4 CKD who

were detected low levels of vitaminD, the administration of the

supplement ergocalciferol for 12 months significantly reduced

the appearance of secondary hyperparathyroidism compared

with the placebo, applicable recommendation mainly in

patients with stages 2 and 3, since it was observed that in

patients with stage 4 ergocalciferol therapy failed to increase

serum levels to normal values.34 The European Guidelines for

Pediatric Nephrology admit that there are few prospective

studies which inform the results of the treatment with native

vitamin D in CKD children with stages 2 to 5D and end up

giving recommendations based on systemic revisions of con-

trolled clinical trials.33 In CKD patients who were diagnosed

with vitamin D deficit, increasing exposure to the sun becomes

an excellent alternative. In this group of patients, it has been

observed that solar exposure or total body ultraviolet

B radiation (UBV) increases serum levels from 25(OH) D3

in a 400%, compared with the 60% achieved by 35,000 IU of

vitamin D3 per week. However, it is worth pointing out that it

is difficult to maintain a sustained adherence to solar therapy,

which can also cause skin injuries which may be important in

a specific group of patients.35 There is no clear consensus

regarding the type of vitamin D that should be prescribed,

dose, frequency of administration and duration of the treatment

in patients who exhibit low serum levels. The KDOQI guide-

lines recommend different dose, depending on the base value

of 25-hydroxyvitamin D, starting the scheme with an initial

loading dose or a period of intensive replacement for 4 to 6

weeks followed by amaintenance regimen.36 In recent revision

which includes the studies in adult people from 2008 until

2016, very variable results were observed in the ability of

native vitamin D to impact favorably PTH serum levels. In

the study group which used cholecalciferol, there were works

in which interval therapy was used in periods as short as 4

weeks.37 In others, the number of patients intervened was very

small (20 patients), and in others, the goal of achieving serum

cholecalciferol levels equal to or greater than 30ng/mLwas not

achieved (30%of the studies).Only in a study that extended for

52 weeks in which 46 patients with CKD stages 2 and 3 were

included, was it possible to obtain serum levels of 25-hydro-

xyvitamin D greater than 30 ng/mL, with good short-term

results (12 weeks), but without major long-term changes.38

Initial 4 months 8 months 12 months 16 months 20 months

GFR 33.1 30.7 29.1 27.8 28.7 26.5

Calcium 9.3 9.5 9.2 9.3 9.4 9.5

Phosphorous 4.0 4.2 4.2 3.9 4.0 4.1

iPTH 134.0 123.1 127.9 125.9 93.7 82.0

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

A
v
e
r
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e

Start of Calcitriol

Figure 4 Average results of group 3 laboratories, since beginning to 20 months.

Abbreviations: GFR, glomerular filtration rate; iPTH, intact parathyroid hormone.
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In a more recent study it was observed that high doses of

cholecalciferol (8000 IU per day), and for a period of 12weeks

achieved in patients with stage 3 and 4 CKD and secondary

hyperparathyroidism adequate serum levels of 25-

hydroxyvitamin D (162 ± - 49 nmol/L), and they prevented

its progression by stabilizing the PTH.39 In another study,

cholecalciferol supplementation was evaluated in non-diabetic

patients deficient in vitamin D, with CKD stage 3 and 4 CKD.

The patients received two doses of 300.000 IU with

a difference of 8 weeks vs placebo. Sixteen weeks after the

first dose, elevated levels of 25-hydroxyvitaminD, 1.25-hydro-

xyvitamin D and serum calcium was observed, together with

the decrease in the total values of serum alkaline phosphatase,

bone-specific, and type I C-telopeptide, unlike the placebo.40

The prescription of ergocalciferol has also been analyzed.

A revision which included 7 observations pointed out that

85% of the cases achieved satisfactory levels of 25-hydroxy-

vitamin D, but that in 71% of the cases there was not a good

therapeutic response.37 In one study, ergocalciferol adminis-

tered for 6 months raised serum levels of 25-hydroxyvitamin

D to 27.2 ng/mL, and reduced PTHby 20–25% in patientswith

stage 3 CKD, but was ineffective in stage 4.41 Similar findings

were described in another study in which CKD patients with

stage 3 and 4 who suffered from hyperparathyroidism and

hypovitaminosis D in whom ergocalciferol was used in

adjusted quarterly dose for 6 to 7 months. It was observed

that the average levels of vitaminD normalized in both groups,

but PTH values decreased only in the group with stage 3 CKD

patients.42 Nevertheless, a high dose of Ergocalciferol, which

result in vitamin D levels greater than 30 ng/mL has shown

a significant reduction in PTH values.43 It is probable that the

type of vitamin D used plays a key role. In recent tests, some

which include CKD patients, and a systemic revision that

included ten studies, it was observed that when comparing

ergocalciferol with cholecalciferol the latter achieves serum

levels of 25-hydroxyvitamin D in a more efficient and sus-

tained way. This could be the result of a greater affinity of

vitamin D3 for hepatic hydroxylase and vitamin D binding

protein.44,45 In long-term studies it has also been observed that

vitamin D3 achieves more sustained levels of 25-hydroxyvita-

min D.46 These results are also confirmed when comparing

vitamin D2 with D3 administered in low doses in a population

of women in South Asia and European white women in the

winter months, achieving vitamin D3 greater absolute

increases in total serum vitamin D levels than the vitamin

D2.47 The weekly dose of vitamin D, and its administration

interval also intervene in the therapeutic result. The adminis-

tration of vitamin D in doses of 1000 to 2000 IU once or twice

a week for a month fails to raise its serum levels satisfactorily,

but if the dose is increased to a value between 3000 to 5000 IU

if it is effective. The reduction of the interval of vitamin

D administration from 1000 to 2000 IU once or twice a week

to 3,4,5,6 and 7 times a week has shown that the objective of

serum levels of 25-hydroxyvitamin Dwas only obtained in the

last group.48Anothermore recent study inwhich diabeticCKD

patients with stage 1 to 4 took part, compared the impact of the

daily dose of 2000 IU/day of cholecalciferol with 40.000 IU

administered monthly through 6 months of treatment. The

serum concentrations of 25-hydroxyvitamin D at 3 and 6

months increased significantly in both groups, although in the

group that took a daily dose there was a higher increase at 3

months.49 Regarding the interval in which the 25-hydroxyvi-

taminDvalues should bemeasured once it repositions could be

every 3 to 4 months, based on its cost, long median life and

security profile.29 To maintain serum 25-hydroxyvitamin

D levels above 30 ng/mL is the optimal value for CKD

patients, in order to achieve the desired therapeutic effects. In

our study we observed that the oral administration of vitamin

D elevates serum levels to normal values in a high percentage

of CKD patients with stage 3 to 4, thanks to the dose adjust-

ment system to 4 months intervals, aiming to avoid the inap-

propriate accumulation, which reflects in the low percentage of

patients who develop hypercalcemia. The dose of vitamin

D used in most of them was 2000 IU/day, and most of the

patients who required dose of 4000 IU/day were kidney trans-

plant patients, which highlights the importance of immunosup-

pressors in altering its metabolism.6 In the group of patients

refractory to the therapy, GFR values were the lowest, mainly

corresponding to CKD stage 4, his renal deterioration was

more accelerated, and in them the conversion to calcitriol

achieved lower values of PTH and high of serum calcium

and phosphorus, suggesting that a lower kidney mass equals

lower conversion of 25-hydroxyvitamin D to calcitriol. Also,

the activity of the 1 alpha hydroxylase could have been affected

by higher serum levels of FGF 23, whichwere not evaluated. It

is not clear why 17 patients (10%) from the initial group of 170

patients were non responders to vitamin D therapy. This obser-

vation had already been described by other authors, and in that

group of patients calcitriol or other active forms of vitamin

D could be an alternative.50

In conclusion, our study confirms that cholecalciferol is an

excellent therapeutic alternative to treat CKD patients with

stage 3, and low levels of 25 hydroxyvitamin D. Its early

administration can also avoid the onset of secondary hyperpar-

athyroidism and correct it in those who already have it as long

as the resulting normal serum values are observed, adjusting its
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dose. This is in accordancewith the recent recommendations of

the National Kidney Foundation, where they conclude that

patients with CKD should be treated with native vitamin

D (nutritional), before initiating therapy with active

D (calcitriol).51 In the group of patients with GFR lower than

30 mL/min/1.73 m2 (stage 4 of CKD) and with secondary

hyperparathyroidism, the use of active form of vitamin

D (calcitriol, paricalcitol) could be required as the first ther-

apeutic alternative.

Limitations
Vitamin D measured by electrochemiluminescence, and

not mass spectroscopy, not initially incorporate patients

with stage 4 CKD, and not incorporate other variables

that reflect variations in bone and mineral metabolism.

Ethical Approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of

the institutional and/or national research committee and

with the 1964 Helsinki declaration and its later amend-

ments or comparable ethical standards.

Informed Consent
Neither consent form nor authorization from the patients was

required since the therapy supplied did not constitute an experi-

mental test and is recommended by international guidelines.

Disclosure
All the authors declare that they have no conflict of
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