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Abstract
Background—Low vitamin D concentrations are prevalent in chronic kidney disease (CKD)
patients. We investigated the relationship between plasma 25-hydroxyvitamin D (25(OH)D) or
1,25-dihydroxyvitamin D (1,25(OH)2D) concentrations with death, cardiovascular events (CVE)
and dialysis initiation in patients with advanced CKD. Study Design: The Homocysteine Study
was a randomized double-blind trial evaluating the effects of high doses of folic acid on death and
chronic dialysis initiation in patients with advanced CKD (stage 4 and 5 not yet on dialysis).
25(OH)D and 1,25(OH)2D concentrations were measured in stored plasma samples obtained 3
months after trial initiation and evaluated at clinically defined cutoffs (<10, 10-30, and >30 ng/
mL) and tertiles (< 15, 15-22, and >22 pg/mL), respectively. Cox-proportional hazard models
were used to examine the association between vitamin D concentrations and clinical outcomes.
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Setting & Participants—1,099 patients with advanced CKD from 36 Veteran Affairs Medical
Centers

Predictors—25(OH)D and 1,25(OH)2D concentrations

Outcomes—Death, CVE and time to initiation of chronic dialysis.

Results—After a median follow-up period of 2.9 years, 41% (n=453) died, while 56% (n=615)
initiated dialysis. Mean 25(OH)D and 1,25(OH)2D concentrations were 21±10 ng/mL and 20±11
pg/mL, respectively. After adjustment for potential confounders, the lowest tertile of 1,25(OH)2D
was associated with death (HR, 1.33; 95% CI, 1.01-1.74) and initiation of chronic dialysis (HR,
1.78; 95% CI, 1.40-2.26), compared to the highest tertile. The association with death and initiation
of dialysis was moderately attenuated after adjustment for plasma fibroblast growth factor-23
(FGF23) concentrations (HRs of lower tertiles of 1.20 [95% CI, 0.91-1.58] and 1.56 [95% CI,
1.23-1.99], respectively, compared to highest tertile). There was no association between 25(OH)D
concentrations and outcomes.

Limitations—Participants were mostly male.

Conclusions—Low plasma 1,25(OH)2D concentrations are associated with death and initiation
of chronic dialysis in advanced CKD. Fibroblast growth factor-23 may attentuate this relationship.

The incidence and prevalence of chronic kidney disease (CKD) continues to rise worldwide.
In the United States alone, CKD affects 13% of the population.1 CKD patients have a
reduced lifespan compared to the general population and the majority of patients die from
cardiovascular disease (CVD).2,3 Furthermore, delaying kidney disease progression is of
critical importance. Patients with advanced CKD have a high prevalence of 25-
hydroxyvitamin D (25(OH)D) deficiency and 1,25-dihydroxyvitamin D (1,25(OH)2D)
concentrations progressively decrease as kidney function declines.4-7 Thus, greater attention
has been focused on the abnormalities of vitamin D homeostasis as mechanisms explaining
the association of CKD with death, cardiovascular events (CVE) and kidney disease
progression.4,5

Multiple mechanisms exist explaining the association between vitamin D deficiency with
outcomes in patients with advanced CKD. 1,25(OH)2D has been shown to have autocrine
and paracrine effects that can stimulate the secretion and action of insulin,8 regulate blood
pressure by modulating renin,9 inhibit cellular proliferation,10 and alter the inflammatory
response associated with atherosclerosis.11,12 Prior studies of the association between
circulating concentrations of 25(OH)D and 1,25(OH)2D with death and CVE have shown
inconsistent results.13,14 In addition, longer-term relationship between 25(OH)D and
1,25(OH)2D concentrations and initiation of dialysis are not well-defined.15 To our
knowledge the temporal relationship of plasma 25(OH)D and 1,25(OH)2D concentrations
with death, CVE and initiation of chronic dialysis in patients with advanced CKD has not
been thoroughly examined.

The present study was designed to evaluate the association between plasma concentrations
of 25(OH)D and 1,25(OH)2D with death, CVE and initiation of chronic dialysis in patients
with advanced CKD not requiring renal replacement therapy who participated in the
Homocysteine in Kidney and End Stage Renal Disease study (HOST).16 We hypothesized
that lower plasma 25(OH)D and 1,25(OH)2D concentrations would be associated with death,
CVE and initiation of dialysis and that the associations would be independent of other
previously recognized confounders including fibroblast growth factor 23 (FGF-23).
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METHODS
Homocysteinemia in Kidney and End Stage Renal Disease Study

The details of the HOST Study have been described previously.16 The HOST study was a
multicenter, prospective, randomized, double-blind, placebo-controlled trial examining the
effects of folate, pyridoxine hydrochloride (vitamin B6) and cyanocobalamin (vitamin B12)
on death, CVE and dialysis initiation in patients with advanced CKD and elevated plasma
homocysteine concentrations. Each center’s institutional review board approved the study
and all participants provided informed consent. A total of 2,056 participants were
randomized and inclusion criteria included age greater than or equal to 21 years, either
having end stage renal disease (ESRD) and receiving maintenance dialysis (n=751) or
having an estimated creatinine clearance (calculated by the Cockcroft-Gault formula) of less
than 30 mL/min but not being treated with chronic dialysis (n=1,305), and having a plasma
homocysteine concentration of 15 μmol/L or higher. For the purposes of this analysis, only
those HOST participants who were not dependent on dialysis were included.

Measurements
We used stored plasma samples, collected in ethylenediaminetetraacetate (EDTA) three
months after randomization in the subjects with advanced CKD who were not yet on
dialysis, to measure 25(OH)D, 1,25(OH)2D, intact parathyroid hormone (iPTH), and FGF23
concentrations. The mean follow-up duration from the three-month visit until the end of the
study in the present cohort was 2.8 ± 1.1 years (the median was 2.9 years).

Plasma 25(OH)D concentrations were measured by a commercially available competitive
chemiluminescent immunoassay and a Liaison analyzer and plasma 1,25(OH)2D
concentrations was measured by a commercial competitive radioimmunoassay (both from
DiaSorin, Stillwater, MN). The analytical measurement range for the 25(OH)D assay is
7-150 ng/mL. The intra-assay coefficients of variations (CVs) were 5.6% and 4.5 % at 11
and 28 ng/mL, respectively. The inter-assay CVs were 9.1% and 5.6% at 16 and 51 ng/mL,
respectively. For 1,25(OH)2D, the range of the assay is 5-200 pg/mL. The intra-assay CV
was 12.6% and 9.7% at 13 and 45 pg/mL, respectively. The inter-assay CVs were 21.4%
and 14.7% at 25 pg/mL and 56 pg/mL, respectively. iPTH was measured by an
electrochemiluminescent immunoassay with a reference interval of 15-65 pg/mL. The intra
and interassay CVs were both less than 5%. FGF23 concentrations were measured using a
second generation two-site ELISA kit (Immutopics, San Clemente, CA) with antibodies
directed against two epitopes within the carboxy-terminal region of FGF23.17 The analytical
measurement range for the FGF23 assay was 3.0 - 2300 RU/mL. The intra-assay CVs were
2.6% and 1.4% at 32.1 and 299.2 RU/mL respectively. The inter-assay CVs were 3.4% and
4.4 % at 32.1 and 299.2 RU/mL, respectively.

Other Measurements
Information collected at the time of randomization included a complete history and physical
examination, demographics, smoking status, etiology of kidney disease, history of
hypertension, diabetes and cardiovascular disease, and use of medications including
angiotensin converting enzyme inhibitors (ACEI), angiotensin II receptor blockers (ARB),
and lipid-modifying drugs. Systolic and diastolic blood pressure was measured in a
standardized fashion.16 Serum creatinine was measured using a modified kinetic-Jaffe
reaction at each local site.18 Of note, although estimated creatinine clearance (calculated by
the Cockcroft-Gault formula) was used for eligibility of the HOST study, for the purpose of
this analysis, glomerular filtration rate (GFR) was estimated using the 4-variable Modified
Diet Renal Disease (MDRD) Study equation.19
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Outcomes
The outcomes for this analysis were: (1) time to death from any cause from three months
after randomization; (2) time to any cardiovascular event (composite of myocardial
infarction, amputation and stroke) from three months after randomization; and (3) time to
initiation of chronic dialysis from three months after randomization. Of note, when time to
initiation of dialysis was the outcome participants were censored at death from any cause or
at study closure.

The HOST Endpoints Committee reviewed and classified all fatal events by using
information from the hospital discharge summary, autopsy report, Medicare End Stage
Renal Disease Death Notification or death certificate. Deaths were also tracked with the
Beneficiary Identification and Records Locator Subsystem, a VA file used to record death
and dates.20 Cardiovascular events were obtained through self-reporting by participants in
response to specific queries during quarterly follow-up contacts and by review of the
patients’ VA medical record. The endpoint of initiation of chronic dialysis was a pre-
specified secondary outcome in the original HOST study. It was obtained through self-
reporting by participants in response to specific questions during the follow-up period. The
outcome was verified by clinic and hospital records at the local site. Of the 2056 original
HOST participants, only 66 (3.2%) withdrew consent for both phone and medical record
follow-up

Statistical Analysis
Subjects who had initiated chronic hemodialysis before 3 months after randomization (n=34;
2.6%) or for whom EDTA-plasma sample was not available for vitamin D measurements
(n=172, 13.2%) were excluded, resulting in a final sample of 1,099 subjects for the present
study. Compared to those excluded because plasma sample was not available,
demographics, death rate and cardiovascular event rate were similar to those in subjects who
were retained for this analysis (data not shown). Demographic, cardiovascular risk factors,
and laboratory values were compared across concentrations of plasma 25(OH)D and
1,25(OH) D through the use of the Chi-square test 2 for categorical data, ANOVA for
approximately normally distributed continuous variables, and the Kruskall-Wallis test for
skewed continuous variables.

Separate analyses for 25(OH)D and 1,25(OH)2D were performed. Both exposure variables
were examined as continuous and also as categorical exposures. For the purpose of this
analysis, 25(OH)D concentrations were evaluated by clinically defined cutoffs of <10, 10-30
and >30 ng/mL, with >30 ng/mL as the reference group. All cut points were chosen a priori,
based on previous studies. 4,21-24 1,25(OH)2D concentrations were examined as tertiles with
the highest tertile being the reference group.6,21 Given the positively skewed distributions,
both 25(OH)D and 1,25(OH)2D values were log-transformed. Kaplan-Meier curves were
used to compare graphically death, CVE and initiation of chronic dialysis. The associations
between vitamin D concentrations with death, CVE and initiation of chronic dialysis after
adjustment for potential confounders were evaluated using Cox proportional hazard models.
The proportional hazards assumptions were confirmed using log-log plots.

We considered a priori variables that may be associated with vitamin D concentrations,
death and kidney disease progression as potential confounders in multivariate models,
including important clinical variables, cardiovascular risk factors and biochemical measures.
Two sequential sets of covariates were considered. In model 1 we included age, gender,
race, season, smoking, HOST treatment assignment, body mass index (BMI), estimated
GFR, serum LDL-C, serum HDL-C, hypertension, diabetes, cardiovascular disease, systolic
blood pressure, as well as serum albumin, calcium, phosphate and plasma iPTH
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concentrations. In addition to the variables in Model 1, Model 2 also included plasma
FGF23 concentration. All models were also adjusted for the other respective plasma vitamin
D concentration. We examined the association of 25(OH)D and 1,25 (OH)2D with death
within subgroups based on age, race, diabetes status, CVD history, iPTH and FGF23
concentrations.

Two-tailed values of P<0.05 were considered statistically significant. All statistical analyses
were performed with SAS software, version 9.13 (SAS Institute, Cary, NC).

RESULTS
Baseline characteristics

The mean age of the 1,099 participants was 69 ±11 (SD) years and 98% of participants were
male. During a median follow-up of 2.9 [25th-75th percentile, 2.1-3.7] years, 453 (41%)
participants died from any cause (224 participants before the initiation of dialysis and 229
participants after chronic dialysis initiation), 215 (20%) had a cardiovascular event and 615
(56%) initiated chronic dialysis. Demographics and cardiovascular risk factors according to
plasma 1,25(OH)2D tertiles and 25(OH)D concentrations subgroups are shown in Table 1
and Table S1 (available as online supplementary material), respectively. Participants with
1,25(OH)2D concentrations in the lowest tertile were more likely to be younger, to have
diabetes, to have higher BMI and systolic blood pressure and lower estimated GFR than
subjects with 1,25(OH)2D concentrations in the highest tertile. Similar to subjects in the
lowest tertile of 1,25(OH)2D, subjects with 25(OH)D concentrations < 10 ng/mL were more
likely to be younger, to have diabetes and to have higher BMI than subjects with 25(OH)D
concentrations >30 ng/mL. Serum triglycerides and total cholesterol were significantly
higher in subjects with 25(OH)D concentrations <10 ng/mL. Baseline estimated GFR was
not different across subgroups of 25(OH)D concentrations.

Circulating Plasma Concentrations of 25(OH)D and 1,25(OH)2D
In this cohort of 1,099 advanced CKD patients only 17.2% of subjects had 25(OH)D
concentrations greater than 30 ng/mL, whereas 69.4% had plasma 25(OH)D concentration
ranging between 10-30 ng/ml; the remaining 13.4% were severely 25(OH)D-deficient (<10
ng/mL). There were significant variations in serum 25(OH)D concentrations between races
(21.9±10.1 ng/mL in Caucasians vs. 15.9±8.9 ng/mL in African-Americans; p<0.001).
Furthermore, diabetics were also more likely to have lower 25(OH)D concentrations than
those without diabetes (19.3±9.7 vs 22.3±10.7 ng/mL, p<0.001). The mean plasma
concentration of 1,25(OH)2D was 20.1±10.6 pg/mL. Mineral metabolism biomarkers
according to 25(OH)D subgroups and 1,25(OH)D tertiles are depicted in Table 2.

Plasma 25(OH)D concentrations correlated with plasma 1,25(OH)2D (r=0.43) and Plasma
iPTH (r=-0.25) concentrations; but did not correlate with serum calcium, serum phosphorus
or plasma FGF23 concentrations. In addition to its correlation with 25(OH)D, plasma
1,25(OH)2D concentrations correlated with serum phosphorus (r=-0.32), plasma iPTH
(r=-0.15) and, in particular, plasma FGF23 (r= −0.39) concentrations.

Associations of Plasma 25(OH)D Concentrations with Clinical Outcomes
Kaplan-Meier curve analysis followed by log-rank test showed that risk for death did not
change (p=0.9) but there was an increase in the risk of chronic dialysis initiation (p=0.01)
with decreasing concentrations of plasma 25(OH)D (Figures S1 and S2). Hazard ratios for
death, composite of CVE and initiation of chronic dialysis in the various subgroups
according to 25(OH)D concentrations are shown in Table 3. After adjusting for multiple
covariates in Model 1, there was no increase in the risk of death with decreasing
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concentrations of 25(OH) D (Table 3). There was no association between decreasing
25(OH)D concentrations with CVE and initiation of chronic dialysis in multivariate models.
Almost identical results were obtained for all outcomes when 25(OH)D concentrations were
categorized by tertiles (data not shown) or were evaluated linearly (for every log increase in
25(OH)D, adjusted hazard ratio for death was 1.15 [95% CI, 0.69-1.93], p=0.6). There was
no association of 1og10 25(OH)D concentrations with death within subgroups defined by
age, race, diabetes status, CVD history, iPTH and FGF23 concentrations (Figure 1).

Association of Plasma 1,25(OH)2D Concentrations with Clinical Outcomes
Both the risk of death and progression to initiation of dialysis increased with decreasing
1,25(OH)2D concentrations in unadjusted analyses (Figures S3 and S4 and Table 4). After
adjustment for potential confounders in Model 1, the lowest tertile of 1,25(OH)2D
concentration remained significantly associated with the risk of death and initiation of
chronic dialysis. The associations were stronger for initiation of chronic dialysis than for
death, as reflected by greater hazard ratios. Interestingly, the addition of plasma FGF23
concentrations (model 2) diminished the association between 1,25(OH)2D with death and
initiation of dialysis. With the adjustment for FGF23 the association was no longer
statistically significant (p=0.2) for death but remained statistically significant for initiation
of dialysis (p=0.006). When plasma 1,25(OH)2D concentrations were modeled as a
continuous variable, the results remained unchanged (for every 1og increase in 1,25(OH)2D,
the fully adjusted hazard ratios for death and kidney disease progression were 0.61 [95% CI,
0.35-1.07] and 0.45 [95% CI, 0.28-0.73], respectively). There was no association between
decreasing 1,25(OH)2D concentrations with the composite of CVE. The association of
1og(1,25(OH)2D) concentrations with death within subgroups defined by age, race, diabetes
status, CVD history, iPTH and FGF23 concentrations were examined. The point estimates
were similar and statistically significant within each subgroup, except for increasing FGF23
concentrations (Figure 2). There were no significant interactions between log(1,25(OH)2D)
and age, race, diabetes status, CVD history, iPTH and FGF23 concentrations with death.

Because of the risk that the competing risk of death could lead to informative censoring of
incident dialysis, we analyzed the association between 25(OH)D and 1,25(OH)2D with the
composite outcome of death or incident chronic dialysis. In sum, 839 subjects reached the
composite endpoint of initiation of chronic dialysis (n=615) or death without the initiation of
chronic dialysis (n=224). Identical results to the ones obtained for dialysis initiation were
obtained when the composite outcome of incident chronic dialysis or all-cause mortality was
examined (Table 3 and 4).

DISCUSSION
In this longitudinal study of patients with advanced CKD not yet requiring dialysis, we
found that low plasma concentrations of 1,25(OH)2D, not low concentrations of 25(OH)D,
were associated with death and progression to chronic dialysis. Interestingly, these
associations were modestly attenuated by adjustment of FGF23 concentrations. Yet
1,25(OH)2D remained associated with a 1.2 and 1.6-fold risk of death and progression,
although only the outcome of dialysis initiation was statistically significant.

Longitudinal data on the relationship between vitamin D analytes with death in patients with
CKD is limited. In a small observational study of 226 patients with stage III and IV CKD,
low serum 1,25(OH)2D concentrations were associated with an increased risk of death. In
this study, 25(OH)D concentrations were not examined.25 A study of 168 patients with CKD
stages 2-5 (mean eGFR of 34 ± 17 ml/min/1.73m2) found that 25(OH)D were superior to
1,25(OH)2D concentrations in predicting death and progression of kidney disease.26 After
adjustment for multiple confounders, 1,25(OH)2D no longer predicted death or kidney
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disease progression in these CKD patients. Our results are in contrast to this published data
as we found no association between 25(OH)D concentrations and death in our cohort. None
of these previous studies had patients with CKD that was as advanced as in our study (mean
eGFR in our cohort of 18.1 ± 6.5 ml/min/1.73m2) nor did they evaluate the effect of FGF23
on the relationship between vitamin D and death. To our knowledge, the data we present
herein are novel in that they show a longitudinal link of plasma 1,25(OH)2D concentrations
with death and initiation of chronic dialysis in patients with advanced CKD.

The discovery that the vitamin D receptor (VDR) as well as 1α-hydroxylase (which converts
25(OH)D to 1,25(OH)2D locally) are found in most tissues in the body has yielded new
insights into the non-skeletal functions of vitamin D and consequences of its deficiency.4

This locally produced 1,25(OH)2D binds to the VDR in an autocrine/paracrine manner and
has been found to have several important roles.9 Experimental and clinical studies suggest
that calcitriol may exert its effects through alterations in the renin-angiotensin-aldosterone
system (RAAS) and inflammatory mediators. Both the RAAS and inflammation are major
mediators of death and kidney disease progression. It is also possible that the suggested
reno-protective and cardio-protective effects of vitamin D are independent of the effects of
the RAAS.

We did not find an association between lower plasma 25(OH)D concentration with death,
CVE or kidney disease progression and the absence of an association may be due to higher
FGF23 concentration in patients with CKD. Interestingly, FGF23 appears to not only inhibit
1α-hydroxylase in the kidney but also affect extra-renal vitamin D metabolism in patients
requiring chronic dialysis.27 In the setting of high FGF23 concentrations, tissues and organs
may be unable to convert serum 25(OH)D into 1,25(OH)2D locally. Hence, 25(OH)D may
be less important than 1,25(OH)2D concentrations in the setting of high FGF23
concentrations.

Observational studies have found that CKD patients treated with active vitamin D analogs
have a lower risk of death than patients who were not treated.28,29 In a study of 520 male
VA patients with stage 3-5 CKD, not yet on dialysis, treatment with oral calcitriol was
associated with better survival. The incident rate ratio for mortality in patients treated with
calcitriol compared to untreated patients was 0.35 (95% CI, 0.23-0.54; p<0.001) and for the
combined endpoint of death and dialysis initiation was 0.46 (95% CI, 0.35-0.61).28 Shoben
and colleagues29 similarly found improved survival in patients with CKD stage III and IV
treated with calcitriol in the Veterans Affairs system. After adjustment, oral calcitriol use
was associated with a 26% lower risk for death (P = 0.016) and a 20% lower risk for death
or chronic dialysis (P = 0.038). To date, no randomized trials have been performed
evaluating whether supplementation with vitamin D decreases mortality in CKD patients.

There is some evidence suggesting that vitamin D may also have reno-protective effects.
Observational studies have found a relationship between low 25(OH)D concentrations and
kidney disease progression.30,31 These findings are in contrast to our study, in which only
low 1,25(OH)2D was associated with progression to chronic dialysis. The reason for the
contrary findings may be due to differences in the level of kidney function of the
populations included in the studies. 30,31 Small randomized trials have found that treatment
with active vitamin D (1,25(OH)2D) analogs decreases proteinuria and delays progression of
kidney disease in patients with mild to moderate CKD,32-35 but large definitive randomized
trials have not been performed.

In our study, the association between 1,25(OH)2D and death or kidney disease progression
was attenuated with the addition of FGF23 to the statistical model, suggesting that FGF23
may be an important effect attenuator in the relationship between 1,25(OH)2D and clinical

Kendrick et al. Page 7

Am J Kidney Dis. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



outcomes. FGF23 inhibits 1-α-hydroxylase and increases renal phosphate excretion. FGF23
concentrations increase early in the course of kidney disease and high concentrations of
FGF23 have been associated with death in dialysis patients and with left ventricular
hypertrophy, CVE, death and kidney disease progression in pre-dialysis patients.36-40

There are several limitations in the present study. First, this observational study cannot
establish a causal relationship between plasma 1,25(OH)2D concentrations with death and
kidney disease progression. Second, information on the use of nutritional vitamin D
supplements, active vitamin D analogs and dietary intake of vitamin D was not available.
However, during the time period in which the HOST study was performed, the use of active
vitamin D analogs and nutritional vitamin D supplementation in non-dialysis CKD patients
was not prevalent, making the possibility of significant confounding by these covariates less
likely. Third, the level of kidney function was estimated by the MDRD Study equation
rather than more direct measures of kidney function and measurements of serum creatinine
were not performed in a central laboratory. Fourth, data on the degree of proteinuria was not
available in the HOST study. Low 25(OH)D and 1,25(OH)2D concentrations have been
associated with albuminuria in several studies,44-46 and albuminuria may also lead to low
25(OH)D concentrations.47 Albuminuria is also an independent risk factor for CVD and
death in patients with CKD.48 Even though we were unable to adjust for proteinuria, we
were able to adjust for blood pressure control, a predictor of kidney disease progression and
modulator of proteinuria. Fifth, 1,25(OH)2D concentrations may have cross-reactivity with
other vitamin D metabolites. Finally, this cohort included mostly male patients and caution
should be used when extrapolating the results to women.

These limitations notwithstanding, our study also has several strengths including the large
cohort, the careful collection of clinical outcome data and the relatively long follow-up
duration. We were also able to adjust for multiple factors that regulate mineral metabolism
and kidney disease progression. Finally, all measurements of vitamin D were performed in a
standardized fashion in a single reference laboratory.

In conclusion, low plasma 1,25(OH)2D, not 25(OH)D, concentrations are associated with
death and kidney disease progression to chronic dialysis in patients with advanced CKD not
requiring dialysis. These associations appeared to be largely attenuated by FGF23. Future
studies are necessary to examine if these associations are causal in nature and, if so, to
further delineate the mechanisms.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Association of baseline plasma 25-hydroxyvitamin D concentrations with death within
subgroups. Hazard ratio for every log increase in 25(OH)D. Error bars represent 95%
confidence intervals. CVD=cardiovascular disease; iPTH=intact parathyroid hormone;
FGF23=fibroblast growth factor 23.
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Figure 2.
Association of baseline plasma 1,25-dihydroxyvitamin D concentrations with death within
subgroups. Hazard ratio for every log increase in 1,25(OH)2D. Error bars represent 95%
confidence intervals. CVD=cardiovascular disease; iPTH=intact parathyroid hormone;
FGF23=fibroblast growth factor 23.
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Table 1

Baseline Characteristics of Study Participants

1,25-dihydroxyvitamin D P-value

< 15 pg/mL
(n=367)

15-22 pg/mL
(n=366)

> 22 pg/mL
(n=366)

Age (y) 67 ± 11 69 ± 11 71 ± 10 <0.001

Black Race 31.9 29.2 34.0 0.6

Diabetes 62.1 55.7 46.6 <0.001

Hypertension 96.5 97.2 95.6 0.5

CVD 57.5 56.0 56.7 0.8

BMI (kg/m2) 28.9 ± 5.4 27.8 ± 4.5 27.1 ± 4.4 <0.001

Systolic blood pressure (mmHg) 146 ± 24 144 ± 23 140 ± 21 <0.001

eGFR (mL/min/1.73m2) 16 ± 5.3 18 ± 6.2 20 ± 6.8 <0.001

Medication
 ACE Inhibitor
 Beta-blockers
 Lipid-lowering

43.5
61.8
61.8

41.8
60.2
53.8

38.0
56.5
54.0

0.1
0.1
0.03

Albumin (g/dL) 3.9 ± 0.5 4.1 ± 0.5 4.2 ± 0.5 <0.001

Total Cholesterol (mg/dL) 174 ± 46 171 ± 43 176 ± 41 0.6

HDL Cholesterol (mg/dL) 41 ± 12 43 ± 17 44 ± 15 0.01

LDL Cholesterol (mg/dL) 96 ± 33 93 ± 31 95 ± 32 0.9

Triglycerides (mg/dL) 193 ± 154 179 ± 137 181 ± 112 0.2

Values for continuous variables are expressed as mean ± standard deviation; values for categorical variables given as number (percentage).

CVD= cardiovascular disease; BMI=body mass index; ACE = angiotensin converting enzyme inhibitor; ARB=angiotensin receptor blocker;
eGFR= estimated glomerular filtration rate; HDL= high density lipoprotein; LDL= low density lipoprotein; iPTH=intact parathyroid hormone;
FGF23=fibroblast growth factor-23.

conversion factors for units: eGFR in ml/min/1.73m2 to mL/s/1.73m2 ×0.01667; serum 25(OH)D in ng/mL to nmol/L ×2.496; 1,25(OH)2D in pg/

mL to pmol/L ×2.6; serum calcium in mg/dL to mmol/L × 0.2495; serum phosphorus in mg/dL to mmol/L ×0.3229; Serum hemoglobin and
albumin in g/dL to g/L × 10; serum cholesterol mg/dL in mmol/L × 0.02586; serum triglycerides in mg/dL to mmol/L × 0.01129.
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Table 2

Markers of Mineral Metabolism and Kidney Function

25-hydroxyvitamin D

< 10 ng/mL
(n=147)

10-30 ng/mL
(n=763)

> 30 ng/mL
(n=189)

P-value

Calcium (mg/dL) 8.8 ± 0.8 8.9 ± 0.7 8.9 ± 0.6 0.06

Phosphorus (mg/dL) 4.4 ± 1.3 4.4 ± 1.4 4.2 ± 1.0 0.1

1,25(OH)2D (pg/mL) 13.9 ± 6.7 19.9 ± 10.0 26.7 ± 11.7 <0.001

iPTH (pg/mL) 192 [123-355] 149 [91-247] 114 [66-186] <0.001

FGF-23 (RU/mL) 330 [192-984] 405 [225-947] 307 [206-809] 0.9

eGFR (mL/min/1.73m2 ) 18 ± 7.0 18 ± 6.3 19 ± 6.4 0.1

1,25-dihydroxyvitamin D

< 15 pg/mL
(n=367)

15-22 pg/mL
(n=366)

> 22 pg/mL
(n=366)

P-value

Calcium (mg/dL) 8.9 ± 0.8 8.9 ± 0.7 8.9 ± 0.6 0.7

Phosphorus (mg/dL) 4.8 ± 1.3 4.3 ± 1.1 4.1 ± 1.5 <0.001

25(OH)D (ng/mL) 15.9 ± 8.1 20.8 ± 9.9 25.4 ± 10.4 <0.001

iPTH (pg/mL) 172 [94-291] 155 [97-245] 128 [77-208] <0.001

FGF-23 (RU/mL) 674 [330-1465] 345 [218-733] 256 [170-586] <0.001

eGFR (mL/min/1.73m2) 16 ± 5.3 18 ± 6.2 20 ± 6.8 <0.001

Unless otherwise specified, values are expressed as means ± standard deviation or median [25th-75th percentile]. Abbreviations: 25(OH)D=25-
hydroxyvitamin D; 1,25(OH)2=1,25-dihydroxyvitamin D; iPTH=intact parathyroid hormone; FGF23=fibroblast growth factor-23;

eGFR=estimated glomerular filtration rate. conversion factors for units: serum calcium in mg/dL to mmol/L ×0.2495; serum phosphorus in mg/dL

to mmol/L × 0.3229; Serum 1,25(OH)2D in pg/mL to pmol/L ×2.6; serum 25(OH)D in ng/mL to nmol/L × 2.496; eGFR in ml/min/1.73m2 to mL/

s/1.73m2 × 0.01667.
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Table 3

Associations of Plasma 25(OH)D Concentrations with Outcomes

25(OH)D < 10 ng/mL 25(OH)D = 10-30 ng/mL

Death

Unadjusted 1.07 (0.76-1.49) 1.02 (0.80-1.32)

Model 1 1.04 (0.71-1.54) 0.97 (0.74-1.27)

Model 2 1.18 (0.79-1.74) 0.99 (0.76-1.29)

Cardiovascular Events

Unadjusted 1.12 (0.68-1.84) 1.16 (0.80-1.69)

Model 1 1.15 (0.65-2.06) 1.13 (0.75-1.68)

Model 2 1.23 (0.69-2.21) 1.14 (0.76-1.69)

Initation of Chronic Dialysis

Unadjusted 1.50 (1.17-2.02) 1.37 (1.09-1.72)

Model 1 0.72 (0.51-1.02) 0.93 (0.72-1.18)

Model 2 0.79 (0.56-1.12) 0.96 (0.75-1.23)

Composite of Death or Chronic Dialysis Initiation

Unadjusted 1.32 (1.03-1.69) 1.18 (0.98-1.43)

Model 1 0.75 (0.56-1.01) 0.85 (0.70-1.05)

Model 2 0.83 (0.62-1.17) 0.89 (0.72-1.08)

Note: values shown are Hazard ratio (95% CI). The reference category is 25(OH)D > 30 ng/mL. 25(OH)D, 25-hydroxyvitamin D.

Model 1: adjusted for age, gender, race, season, smoking, HOST treatment assignment, hypertension, diabetes, cardiovascular disease, systolic
blood pressure, body mass index, estimated glomerular filtration rate, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
serum albumin, serum calcium, serum phosphate, plasma concentrations of 1,25-dihydroxyvitamin D and intact parathyroid hormone.

Model 2: adjusted for covariates in model 1 plus plasma fibroblast growth factor 23.
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Table 4

Associations of Plasma 1,25(OH)2D Concentrations with outcomes.

1,25(OH)2D < 15 pg/mL 1,25(OH)2D = 15-22 pg/mL

Death

Unadjusted 1.31 (1.05-1.63) 0.95 (0.75-1.21)

Model 1 1.33 (1.01-1.74) 0.95 (0.74-1.22)

Model 2 1.20 (0.91-1.58) 0.95 (0.74-1.22)

Cardiovascular Events

Unadjusted 1.20 (0.87-1.66) 1.03 (0.74-1.44)

Model 1 0.92 (0.62-1.37) 0.90 (0.63-1.28)

Model 2 0.85 (0.57-1.27) 0.89 (0.63-1.27)

Initiation of Chronic Dialysis

Unadjusted 2.88 (2.35-3.53) 1.69 (1.37-2.08)

Model 1 1.78 (1.40-2.26) 1.36 (1.09-1.70)

Model 2 1.56 (1.23-1.99) 1.36 (1.09-1.70)

Composite of Death or Progression to Chronic Dialysis

Unadjusted 2.44 (2.06-2.89) 1.45 (1.22-1.73)

Model 1 1.75 (1.44-2.14) 1.26 (1.05-1.52)

Model 2 1.55 (1.26-1.89) 1.26 (1.05-1.52)

Note: values shown are Hazard ratio (95% CI). The reference category is 1,25(OH)2D > 22 pg/mL. 1,25(OH)2D, 1,25-dihydroxyvitamin D.

Model 1: adjusted for age, gender, race, season, smoking, HOST treatment assignment, hypertension, diabetes, cardiovascular disease, systolic
blood pressure, body mass index, estimated glomerular filtration rate, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
serum albumin, serum calcium, serum phosphate, plasma concentrations of 1,25-dihydroxyvitamin D and intact parathyroid hormone.

Model 2: adjusted for covariates in model 1 plus plasma fibroblast growth factor 23.
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