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Abstract
Objective—Insulin resistance (IR) is associated with increased cardiovascular risk in multiple
patient populations, including ones on chronic hemodialysis (CHD). Active vitamin D deficiency
is postulated to play a role in the extent of IR observed in CHD patients. We postulated that
administration of Paracalcitol, an active vitamin D medication, influences IR in CHD patients.

Design—Pilot randomized-controlled trial

Setting—10 prevalent chronic hemodialysis patients on stable Paracalcitol.

Methods—Paracalcitol was withheld for 8 weeks in all patients (phase I). Parathyroid hormone
levels were managed by calcium sensing receptor agonist, Cinacalcet. At week 8, patients were
randomized to continue Cinacalcet or to restart Paracalcitol for 8 weeks (phase II). Primary
outcome was the change in IR measured by glucose disposal rate (GDR) by hyperinsulinemic
euglycemic clamp (HEGC). Secondary outcomes included changes in IR between groups in
indirect indices of IR, biomarkers of inflammation, and adipokines.

Results—Mean age was 49 years (range 46–57) and 40% were female. Compared to baseline,
there was no detectable change in the GDR at the end of phase I (p=0.7). There was also no
statistically significant difference in GDR between groups at the end of phase II (p=0.9). No
changes were observed in indirect indices of IR, adipokines or biomarkers of inflammation in
either phase.
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Conclusion—The results of this pilot study suggest that withdrawal of Paracalcitol over 8–16
weeks and replacement for 8 weeks after withdrawal does not influence IR measured by HEGC in
CHD patients.
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Introduction
Insulin resistance is highly prevalent in patients with chronic kidney disease (CKD),
especially in ESRD patients1 and has been proposed as a potential mediator for the
accelerated CVD that afflicts this patient population2. A complex relationship between
uremia, glucose dispersion, and insulin function has been long recognized3. Investigators
have demonstrated alterations in glucose metabolism in chronic hemodialysis (CHD)
patients, including hyperinsulinemia and diminished tissue sensitivity to insulin which is
only partially correctable by initiation of maintenance hemodialysis4. Studies have also
demonstrated that altered insulin sensitivity is mostly due to a post-receptor defect primarily
affecting skeletal muscle glucose uptake5.

The etiology of insulin resistance in ESRD is multifactorial and includes adipose tissue
dysregulation6,7, inflammation7–10, metabolic acidosis11, and secondary
hyperparathyroidism (SHPT) 12–14. Epidemiological studies have consistently shown that
the administration of active vitamin D (Vit D) in CHD patients confers a survival
advantage15–1819. The mechanisms behind the beneficial effects of the administration of
active Vit D in CHD patients are unknown, but there is an increasing body of evidence
highlighting the pleiotropic actions of Vit D that go beyond bone health20. Several small
studies showed that the administration of active Vitamin D improves insulin sensitivity in
CHD patients 21–31. However in most of the studies, the treatment was accompanied by a
significant reduction in intact parathyroid hormone (iPTH) levels creating a confounder of
whether the effect seen on IR was due to the administration of active Vit D or the correction
of SHPT 23,24,26,29,31.

In this prospective, consecutive phase study, we aimed to evaluate 1) whether withdrawal of
active Vit D over 8 – 16 weeks would lead to worsening of insulin sensitivity measured
using the gold standard hyperinsulinemic euglycemic clamp (HEGC) in otherwise stable
prevalent CHD patients, and 2) to examine whether reinitiating active Vit D following 8
weeks of withdrawal would have an impact on insulin sensitivity in the same patient
population.

Methods
Study population

The study was conducted at the Vanderbilt University Outpatient Dialysis Units and Clinical
Research Center (CRC) between April 2008 and January 2010. Prevalent CHD patients 18
to 75 years old on CHD three times a week, Kt/V >1.2, and body mass index (BMI) between
25 and 45 and on stable dose of active Vit D (Paracalcitol) were eligible to participate.
Exclusion criteria included hospitalizations within the last 3 months, any acute or chronic
inflammatory process, uncontrolled diabetes mellitus (HbA1c >10), being on an insulin
sensitizer (metformin or TZDs), iPTH >1500 pg/ml, serum phosphorus >10 mg/dl, or serum
calcium >10.5 mg/dl. The study was approved by the Institutional Review Board and signed
informed consent was obtained from all patients.
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Study Design
This was a single center, double-blinded, randomized, parallel-design pilot study
(ClinicalTrials.gov number NCT00656032). Figure 1 depicts the study design. Prior to
baseline, all subjects were on stable dose of paracalcitol for at least 4 weeks. Following the
initial metabolic study assessment, paracalcitol was stopped in all subjects for 8 weeks
(Phase 1). Patients were started on a calcium-sensing receptor agonist (Cinacalcet) for
control of iPTH levels with dose adjustment based on calcium levels, with the goal of
preventing a drop of iPTH of more than 10% of the baseline value. Serum calcium,
phosphorus and iPTH levels were assessed every 2 weeks and medications were adjusted
accordingly. At 8 weeks, subjects underwent another clamp study. Following this second
assessment, 10 subjects were randomized to receive either Vitamin D or continue on
Cinacalcet for another 8 weeks (Phase 2). 25-hydroxy-vitamin D was measured in all
individuals at baseline and replaced with oral ergocalciferol with doses equivalents to those
recommended for CKD stages 3 & 4 in the KDOQI guidelines. Randomization was
performed with a computer generated sequence.

Study endpoints
All outcomes of interest were measured at baseline, 8 weeks and 16 weeks. The primary
outcome was insulin sensitivity measured by glucose disposal rate (GDR, mg/kg/min)
obtained by hyperinsulinemic euglycemic clamp. The basic clamp-derived IR index was the
average value of the glucose infusion rate during the final 30 min of the study (steady-state),
known as the M-value. We chose to normalize the M value to total body weight as this has
been validated across individuals with different weights including obesity32. Secondary
outcomes included biomarkers of inflammation (high sensitivity C-reactive protein [hsCRP]
and interleukin 6 [IL-6]), adipokines (adiponectin and leptin), and indirect indices of insulin
resistance, including homeostatic model assessment of insulin resistance (HOMA-IR),
quantitative insulin sensitivity check index (QUICKI), homeostatic model assessment of
insulin resistance corrected by adiponectin (HOMA-AD), and leptin adiponectin ratio
(LAR).

Procedures
Hyperinsulinemic euglycemic glucose clamp study—All metabolic studies were
performed at the VUMC CRC facilities. On the morning of the clamp study (Figure 2),
fasting blood samples were obtained for glucose, inflammatory markers and adipokines. The
dialysis shunt was accessed and the venous needle was used for the infusions of glucose,
insulin and dextrose. All blood samples were drawn from the arterial side of the dialysis
access. Blood samples were drawn at 5-minute intervals for thirty minutes to assess basal
levels of glucose at steady state. A primed continuous infusion of human regular insulin (50
units/50 ml of normal saline) was started at a rate of 2.0 mU/kg/min and maintained at that
level through 120 minutes. After insulin initiation, the plasma glucose levels were allowed
to drop to ± 5 mg/dL of the patient’s baseline glucose value, and were maintained at that
level throughout the study by adjusting a variable infusion of 20% dextrose. Constant
monitoring of plasma glucose concentration was done every 5 minutes. Once steady state
was reached and confirmed at 90 minutes, the average value of the glucose infusion rate was
calculated over the last 30 minutes (M-value) and then normalized to total body weight to
estimate the glucose disposal rate (GDR, mg/kg/min), which was calculated as an index of
in vivo insulin resistance.

Indirect Insulin Resistance Indices—Indirect insulin sensitivity indices were
calculated as follows: homeostasis model assessment (HOMA-IR), [insulin (µU/ml) X
glucose (mg/dl)/405] 33,34; quantitative insulin sensitivity check index (QUICKI), 1/(log
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glucose [mg/dl] + log insulin[µU/ml])35; homeostasis model assessment corrected by
adiponectin (HOMA-AD; insulin (µU/mL) X glucose (mg/dl)/adiponectin[µg/ml])36; and
LAR, leptin (ng/ml)/adiponectin (µg/ml)7,37.

Blood samples—All blood sampling was performed at the GCRC and processed at
Vanderbilt Cytokine and Hormonal Core facilities. Blood samples were stored in aliquots at
−80°C. Glucose concentrations were measured by the glucose oxidase method (Glucose
Analyzer 2; Beckman Coulter, Brea, CA). Insulin was measured by double-antibody
radioimmunoassay (DA RIA; Millipore, St Charles, MO). Total adiponectin and resistin
were measured by MILLIPLEX MAP Panel A kit (Millipore, Billerica, MA). Interleukin 6
concentrations were determined using cytometric bead arrays (CBAs; Becton Dickinson,
San Jose, CA). High sensitivity C-reactive protein levels were measured by particle-
enhanced turbidimetric UniCel DxI (Beckman Coulter, Brea, CA). All other measurements
were performed using routine laboratory tests and certified methods.

Body composition by Dual-Energy X-ray Absorptiometry—In this study we
performed an assessment of body composition using a Lunar iDEXA machine, encore 2007,
v.11.40.004 (General Electric, Madison, WI). The Lunar system measures bone mass, fat
mass and lean body mass for the whole body and by body regions (truncal and legs). The
details of the procedure has been previously published 7. The Lunar iDEXA also reports by
body regions and truncal fat mass percent, which has been previously reported to be closely
related to visceral fat mass in CHD patients and is reported in this study38.

Statistical analyses
Our primary analysis was the change in insulin resistance as measured by GDR after 8
weeks of active vitamin D withdrawal. For this purpose we used Wilcoxon signed-rank test
to compare (this is a paired analysis) the changes in the primary and secondary outcomes
from baseline to week 8. Our secondary analysis was the change from 8 to 16 weeks
between the treatment groups (Paracalcitol versus Cinacalcet). Multivariable linear
regression was used to adjust for values at week 8; whereas at week 16, values were used as
dependent variables—thus regression coefficient of treatment group reflects the effect in
change from week 8 to 16 (baseline adjusted model). By recognizing the observed
imbalance between the groups due to a small sample size, propensity score analysis was
conducted to control for selection bias. Propensity score adjustment preserved statistical
power by reducing confounders into a single variable. Propensity scores were estimated
through binary logistic regression providing the predicted probability of being assigned into
treatment as a function of other risk factors including age, truncal fat, IL-6, iPTH and leptin.
Propensity score was then added as a covariate in the adjusted model to further evaluate the
adjusted effect of intervention on outcomes (propensity score adjusted model). The indices
of insulin resistance and other biomarkers were natural logarithmically transformed when
appropriate. Regression diagnostics were performed to verify assumptions of normality of
residuals. All analyses used a 5% 2-sided significance level and were performed using R
version 2.10.0 (www.r-project.org).

Results
We screened 182 prevalent CHD patients from two outpatient dialysis units and 12 of which
were enrolled in the study. Two of these patients dropped from the study prior to
randomization due to personal reasons (Figure 3). Baseline characteristics of the study
subjects are shown in Table 1. Mean age was 48.5 years (range 46 to 57), 4 subjects were
female and all patients were African American. Sixty percent of patients were obese by BMI
cut-off > 30 kg/m2. The median time on dialysis was 41 months (IQR 18, 115). We
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classified our study participants based on the American Diabetes Association (ADA) criteria
as being diabetic, with impaired fasting glucose (IFG), and with normal fasting glucose.
Two individuals had diabetes based on at least two fasting glucose >125 mg/dl (one
individual carried the diagnosis of diabetes and one did not), four individuals had IFG based
on at least two fasting glucose between 100 to 125 mg/dl, and four had normal fasting
glucose <100 mg/dl. Two of the participants with IFG and 1 of the participants with normal
fasting glucose had previous history of diabetes which had resolved before reaching to
ESRD. Table 2 displays patient characteristics by intervention group at baseline, 8 weeks
and 16 weeks.

Changes during phase 1 (paracalcitol withdrawal)
After baseline assessment, Paracalcitol administration was stopped in all subjects (n=10) for
8 weeks and Cinacalcet was initiated to control iPTH levels, with the goal of preventing a
drop of iPTH of more than 10% of the baseline value. There was no significant change in
insulin sensitivity measured by clamp-derived GDR between baseline and week 8. The
observed median of the difference from baseline to 8 weeks was −0.19 with an inter-quartile
range of [−0.585, 0.370] (p=0.7) (Tables 1 & 3, Figure 4). There were no significant
changes in any of the indirect insulin resistance indices except for QUICKI. Median
QUICKI at baseline was 0.33 (inter-quartile range 0.31, 0.33) and decreased to a median of
0.30 (IQR 0.29, 0.31, p=0.04) at week 8 (Table 3, Figure 5). There were no changes in the
inflammatory parameters or adipokines between the two time-points (Tables 1 & 3). In
regards to mineral bone metabolism parameters, iPTH increased statistically significantly
from a median of 285 pg/ml (IQR 228, 474) to a median of 711 pg/ml (IQR 254, 949;
p=0.02) and serum calcium decreased from a median of 9.4 mg/dl (IQR 8.8, 9.5) to a median
of 8.1mg/dl (7.6, 11.3; p= 0.008). Serum phosphorus did not significantly change during
phase 1.

Changes during phase 2 (randomization/intervention period)
At the end of week 8, 10 subjects were randomized to receive either Paracalcitol or to
continue on Cinacalcet. The median and interquartile ranges for all parameters at each study
point further stratified by randomization group are displayed in Table 2. Compared to
Cinacalcet, GDR at week 16 in the Paracalcitol group was −0.09 lower (95% confidence
interval [−1,63, 1.45] and p-value=0.9), indicating that there was no statistically significant
difference in GDR at week 16 between the treatment groups after adjusting for GDR at week
8 (Table 3, Figure 4). Similarly, we did not observe any differences in groups for any of the
inflammatory biomarkers, adipokines or indirect indices of insulin resistance (Table 3,
Figure 5). Associations for changes in GDR between groups were tested in unadjusted and
adjusted analyses using a propensity score, which showed similar results. Adjustment for a
propensity score was chosen because one group had significant more truncal fat (p=0.05)
and higher HOMA (p=0.05) at baseline. In addition, the Paracalcitol group was younger, had
higher leptin and higher interleukin-6, although these differences were not statistically
significantly different (Table 2).

25-hydroxy-vitamin D levels and nutritional VitD replacement
Levels of 25-hydroxy-vitamin D (calcidiol) were measured in all participants at baseline.
Median 25 (OH) D was 16 ng/mL (interquartile range: 14.25 ng/ml, 28.75 ng/ml). Three
individuals had mild deficiency (5–15 ng/ml), four were insufficient (16–30 ng/ml) and
three had levels greater than 30 ng/ml, none were severely deficient. All individuals were
supplemented with oral ergocalciferol following the KDOQI recommended supplementation
scheme for CKD stages 3 & 4. Levels increased in all at 8 weeks but in two individuals in
whom levels were less than 30 ng/ml despite supplementation (table 2).
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Discussion
There is growing body of evidence indicating that patients with advanced CKD suffer from
abnormalities in insulin secretion, insulin metabolism and tissue insulin sensitivity. Several
earlier studies in CHD patients have suggested that active VitD administration improves
insulin secretion and peripheral insulin sensitivity28,30,39. In contrast to these earlier
findings, our results did not show any noticeable effect of active VitD withdrawal over 8
weeks or 16 weeks on insulin resistance measured by the gold standard hyperinsulinemic
euglycemic clamp. We were also not able to show any effect of re-initiating active VitD for
8 weeks after this withdrawal period on insulin sensitivity. Similarly, there was a lack of
effect of active Vit D withdrawal or reinitiation on markers of inflammation, serum
concentrations of adipokines, and other indirect measurements of insulin resistance over 16
weeks of the study period.

The lack of any appreciable effect on markers of insulin sensitivity is somewhat
contradictory to the previous reports and can be explained in several ways. In the majority of
the previous studies, a significant suppressive effect was observed on iPTH levels after
initiation of active VitD.23,24,26,29–31 In contrast, in our study iPTH levels initially increased
during the withdrawal period and remained stable during re-initiation of active Vit D. This
raises the question whether the earlier described effects of active Vit D administration on
insulin resistance were due to the treatment of secondary hyperparathyroidism rather than
the pleotropic effects of active Vit D administration. Consistent with this hypothesis, there
are reports showing that insulin resistance improves following parathyroidectomy 12,14. The
primary reason for the increase in iPTH concentrations in our study was the inability to
effectively administer Cinacalcet due to profound decreases in serum calcium
concentrations. While the inability to maintain iPTH levels closer to the baseline values
might have confounded our results, theoretically this increase in iPTH should have worsened
insulin resistance, especially at the presence of diminished active Vit D availability. Since
we did not observe any change in the most precise measure of insulin sensitivity, i.e. GDR,
during this phase, the conclusion that active Vit D does not play a significant role in IR is
further supported. It should also be noted that iPTH levels were stable during phase II (week
8 to week 16) during active vitamin D re-initiation. We did not observe any change in GDR
during this phase either, further supporting the lack of effect of active vitamin D
administration on the GDR.

Another distinctive feature of our study was that we took advantage of the availability of
calcimimetic non- Vit D intervention, i.e. cinacalcet, to control iPTH levels, at least to
reasonably suppressed levels. This approach allowed us to perform a randomized, parallel-
design study. While it is possible that cinacalcet administration might have counteracted any
changes in GDR during active Vit D withdrawal, there are no studies indicating any effect of
cinacalcet on insulin and glucose metabolism, at least to our knowledge.

In addition to its design and use of cinacalcet, there are several other important strengths of
our study. Specifically, we used the gold standard hyperinsulinemic euglycemic clamp to
measure insulin resistance. We also measured practical measures of IR, which were
consistent with our clamp findings, strengthening the validity of our results. Inflammatory
markers and certain adipokines were examined as secondary outcome measures in our study.
Our results did not show any appreciable changes in any of these variables during the two
phases of the study. While our study was not powered to examine these outcomes
meaningfully, these observations raise the question whether some of the “non-classical”
actions of active Vit D are independent of the circulating levels of 1,25 vitamin D and
potentially more dependent on the local “intra-cellular” production of active vitamin D at the
tissue level. For example, there is preliminary data to indicate that the administration of
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nutritional vitamin D increases 1,25(OH)2D levels intra-cellularly via monocyte 1-alpha
hydroxylase which results in down-regulation of inflammation40. In order to minimize its
potential confounding effects, all subjects were supplemented with nutritional vitamin D
prior to start of the study as recommended by the KDQI guidelines.

Recent in vitro animal and small human studies have suggested that in ESRD there is a
potential role for non-renal 1-alpha hydroxylase to be up-regulated resulting in generation of
high tissue levels of 1,25(OH)2D from nutritional D 40. If this hypothesis is correct, 25(OH)
D repletion could potentially have had an impact on the “non-classical” actions of vitamin D
and could explain some of the published findings. In order to overcome this issue, we
repleted our study subjects with nutritional vitamin D as needed. This supplementation
occurred at the beginning of the study and potentially could have blunted our expected
changes following withdrawal of Paricalcitol. Nevertheless, future research is needed to
understand the role of nutritional vitamin D in ESRD, especially in relation to nutritional
vitamin D supplementation 41.

Our study has certain limitations, which might have influenced the results. Most
importantly, our sample size was relatively small, especially during Phase II. In support of
the reliability of our findings, the point estimate showed no meaningful clinical change in
value. Furher, the use of the most precise and sensitive measure of insulin resistance allowed
us to interpret our results with more accuracy as a true lack of effect and not due to a small
sample size. Nevertheless, this study should be considered as pilot. Another limitation is that
the study is performed exclusively in African American subjects and results cannot be
generalized to other racial groups. Additional studies in other racial and ethnic groups are
necessary to confirm and generalize our results. Our study population was obese which
could have affected our results; however our comparisons for phase I were intra-individual
changes and a propensity score was used for phase II to adjust for between group
differences. Our study duration of 8–16 weeks can be considered relatively short such that
the withdrawal or the exposure period needed to be longer in order to see an effect. Notably,
previous studies examining the effects of active vitamin D3 on insulin resistance were of
even shorter duration27–29,39. Finally, our study protocol allows us to interpret only the
peripheral insulin resistance due to high dose insulin administration during the clamp study.
Accordingly, it is possible that the effects of active Vit D on insulin and glucose
homeostasis could be mediated centrally, which should be tested with further studies.

In summary, our results suggest that the administration of active Vit D in the setting of
elevated iPTH has no effect on peripheral insulin resistance in nutritional vitamin D repleted
prevalent African-American CHD patients. Larger and longer term studies using practical
markers of insulin resistance are needed to confirm our findings.

Practical Application: In addition to its role on bone and mineral metabolism, vitamin D is
proposed to have much wider effects on the body, influencing many physiological processes
such as blood pressure regulation, modulation of the immune response and insulin actions.
Since insulin resistance is common in CHD patients, we tested the hypothesis whether active
vitamin D might have a role on its variability in a pilot study. Our results indicate that short-
term (i.e. 8 weeks) withdrawal or reinitiating active vitamin D3 replacement therapy in CHD
patients do not substantially improve or worsen insulin sensitivity. Other strategies,
including nutritional vitamin D should be tested to improve insulin action in CHD patients.
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Figure 1.
Study schematic for phase I (washout period) and phase 2 (intervention period).
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Figure 2.
Schematic diagram of the Hyperinsulinemic Euglycemic Clamp (HEGC) Procedure. Arrows
denote time points for blood draws. A primed continuous infusion of human regular insulin
(50 units/50 ml of normal saline) was started at a rate of 2.0 mU/kg/min and maintained at
that level through 120 minutes. Glucose was maintained at baseline (+/− 5 mg/dl)
throughout the clamp procedure (−120 to +120 minutes). The glucose disposal rate during
steady state was calculated over the last 30 minutes (M-value).
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Figure 3.
Disposition of patients in the trial. Groups are as follows: Group A: paricalcitol and Group
B: Placebo. Both groups completed an 8 weeks washout period (phase I) prior to
randomization.
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Figure 4.
Changes in Glucose Disposal Rate between baseline and weeks 8 and 16 for both the
Cinacalcet and Paracalcitol groups. Changes in Glucose disposal rate (GDR) from week 0 to
week 8 and from week 8 to week 16 for Cinacalcet (□) group and Paricalcitol (▪) group.
There were no statistically significant differences between time points for either of the study
groups, individually or combined.
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Figure 5.
Changes in Leptin Adiponectin Ratio from week 0 to week 8 and from week 8 to week 16
for Cinacalcet (□) group and Paricalcitol (▪) group. There were no statistically significant
differences between time points for either of the study groups, individually or combined.
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Table 1

Characteristics of the study subjects at baseline and at 8 weeks after vitamin D withdrawal for all participants

Characteristics Baseline (n=10) 8 weeks (n=10)

Age, years 48.5 [46.2, 53.8]

Females, % [n] 40% [n=4]

Vintage, months 40 [24, 107]

Body composition by DEXA

Body Mass Index, kg/m2 34.6 [26.2, 38.5]

Total fat mass, % 39.9 [33.1, 48.7]

Truncal fat, % 44.0 [39, 53]

Lean body mass, kg 51.6 [45.9, 56.4]

Mineral bone metabolism parameters

Parathyroid hormone, pg/mL 285 [228, 474] 711 [254, 949]

Calcium, mg/dL 9.4 [8.8, 9.5] 8.1 [7.6, 11.3]

Phosphorus, mg/dL 5.1 [3.9, 6.9] 5.2 [4.1, 6.1]

Glucose metabolism measurements

Fasting Glucose, mg/dL 101 [88, 111] 104 [100, 116]

Fasting Insulin, µU/ml 11.6 [9.3, 16.8] 18.6 [13.7, 21.7]

HbgA1c 5.5 [5.0, 6.0] 5.5 [5.2, 6.4]

Insulin sensitivity indices

These data numerically consistent worsening in IR. Any thoughts?

GDR, mg/kg/min, mg/kg/min 6.1 (4, 7.3) 5.4 (4.6, 7.0)

HOMA index 2.8 [2.4, 3.9] 4.8 [4.2, 6.0]

QUICKI 0.33 [0.31, 0.33] 0.30 [0.29, 0.31]

HOMA-adiponectin 57 [42, 96] 86 [51, 130]

Leptin-adiponectin-ratio 0.99 [0.62, 3.73] 1.24 [0.44, 3.75]

Inflammatory Markers:

hsCRP, mg/dL 5.8 [1.9, 7.3] 4.5 [2.9, 8.5]

Interleukin 6, pg/mL 9.5 [5.4, 17.9] 8.6 [7.7, 9.5]

Glucose metabolism measurements

Adiponectin, µg/mL 19 [16, 33] 22 [17, 31]

Leptin, ng/mL 19 [12, 68] 22 [12, 76]

Nutritional Parameters

Albumin, g/dL 3.8 [3.5, 4.1] 4.0 [3.7, 4.1]

Pre-albumin, mg/dL 33 [26, 43] 36 [28, 40]

LDL cholesterol, mg/dL 88 [65, 100] 89 [60. 97]

HDL cholesterol, mg/dL 38 [35, 50] 39 [34, 46]

Triglycerides, mg/dL 120 [98, 192] 134 [93, 191]

Except where indicated otherwise, values are the median [interquartile range]
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Table 3

Statistical comparison of the changes for the primary and secondary endpoints between baseline vs. week 8
(Phase I: Vitamin D withdrawal period) and between week 8 vs. week 16 (Phase II: randomization to
Paracalcitriol versus Cinacalcet). Data are presented as P values.

Variables

Phase I
Comparison

between
Baseline –to-

8 weeks

Phase II
Comparison between
8 weeks-to-16 weeks

Unadjusted Adjusted

Insulin Resistance Indices

GDR 0.7 0.9 0.86

HOMA-IR 0.1 0.4 0.74

QUICKI 0.04* 0.4 0.78

HOMA-adiponectin 0.24 0.25 0.53

Leptin-adiponectin-ratio 0.9 0.6 0.74

Biomarkers of Inflammation

IL-6 0.57 0.5 0.87

hsCRP 0.3 0.5 0.81

Adipocytokines

Adiponectin 0.5 0.3 0.08

Leptin 0.3 0.7 0.53

Mineral Metabolism parameters

Parathyroid hormone, pg,mL 0.02* 0.06 0.2

Calcium, mg/dL

Phosphorus, mg/dL

Comparison from baseline to 8 weeks: p values were calculated using Wilcoxon Signed Rank test to compare the changes in outcomes from
baseline to week 8.
Comparison from 8 weeks to 16 weeks:
Unadjusted: p values were calculated using multivariable linear regression. Independent variables included: treatment assignment and
corresponding outcomes measured at week 8.
Adjusted: p values were calculated using multivariable linear regression with independent variables including: treatment assignment and
corresponding outcomes measured at week 8, and propensity score [propensity scores were estimated through binary logistic regression providing
the predicted probability of being assigned into treatment group A as a function of other risk factors including age, truncal fat, IL6, pth and leptin]
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