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Abstract

Introduction: Vascular access dysfunction is a major cause of morbidity in patients with end
stage renal disease (ESRD) on chronic hemodialysis. The effects of abnormalities in mineral
metabolism on vascular access is unclear. In this study, we evaluated the association of mineral
metabolites, including 25-hydroxy vitamin D (25(OH)D) and fibroblast growth factor-23 (FGF-

23), with vascular access complications.

Methods: We included participants from the Choices for Healthy Outcomes in Caring for ESRD
(CHOICE) Study who were using an arteriovenous fistula (AVF; n=103) or arteriovenous graft
(AVG; n=116). Serum levels of 25(OH)D, FGF-23, Parathyroid Hormone (PTH), calcium,
phosphorus, C-reactive protein (CRP) and interleukin-6 (IL-6) were assessed from stored
samples. Participants were followed for up to one year or until a vascular access intervention or

replacement.

Results: A total of 24 participants using an AVF and 43 participants using an AVG experienced

access intervention. Those with 25(OH)D level in the lowest tertile (<11 ng/ml) had an increased
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risk of AVF intervention compared to those with higher 25(OH)D levels (adjusted relative
hazard [aHR] = 3.28; 95% confidence interval [CI]: 1.31, 8.20). The highest tertile of FGF-23
(>3750 RU/ml) was associated with greater risk of AVF intervention (aHR=2.56; 95% CI: 1.06,
6.18). Higher PTH was associated with higher risk of AVF intervention (aHR=1.64 per standard
deviation of log(PTH); 95% ClI: 1.02, 2.62). These associations were not observed in
participants using an AVG. None of the other analytes were significantly associated with AVF or

AVG intervention.

Conclusion: Low levels of 25(OH)D and high levels of FGF-23 and PTH are associated with
increased risk of AVF intervention. Abnormalities in mineral metabolism are risk factors for

vascular access dysfunction and potential therapeutic targets to improve outcomes.
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Introduction

Maintaining patent vascular access is essential for patients with end-stage renal disease
(ESRD) on hemodialysis (HD) to prevent life-threatening technique failure. Access
complications result in a high burden of hospital admissions, procedures and costs for patients on
HD. [1,2] The pathophysiologic mechanisms underlying vascular access complications are
poorly understood. Discovery of potential predictors and subsequent targets for intervention
could help design new preventive strategies. Our prior work suggests mineral metabolism may

be an important target for intervention but confirmatory studies are needed. [3]

Abnormalities in mineral homeostasis are common in patients with ESRD and are

associated with numerous adverse outcomes including vascular calcification, inflammation and
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mortality.[4-8] Impaired excretion of phosphorus due to low kidney function raises fibroblast
growth factor 23 (FGF23). FGF23 decreases conversion of 25-hydroxy vitamin D (25(0OH)D) to
its active 1,25 D form, causing calcium to fall and parathyroid hormone (PTH) to rise. This
complex interplay of factors may promote vascular disease through multiple pathways including
calcification, endothelial dysfunction, inflammation, activation of the renin-angiotensin-

aldosterone system and others. [9]

Deficiency of 25(OH)D is common among patients with ESRD, with some studies
estimating the prevalence above 80%. [10] Due to the block in conversion from 25(OH)D to
active 1,25D in ESRD, 1,25D or its analogs are frequently administered to patients with ESRD to
overcome these adverse effects. Nonetheless, 25(OH)D may be locally converted in tissues or
have other direct effects, and recent studies suggest that low 25(OH)D associates with mortality
in HD patients in meta-analyses.[11] Vitamin D deficiency has been associated with
hypertension, insulin resistance, viral and bacterial infection risk, and multiple organ damage due
to systemic inflammation.[12] Despite consistent associations of disordered mineral homeostasis
and vascular outcomes in ESRD, few studies have investigated the role of these factors in

vascular access outcomes.

The aim of the study was to determine the association of markers of mineral metabolism
with vascular access outcomes. We hypothesized that lower levels of 25(OH)D and higher levels
of fibroblast growth factor 23 (FGF23), serum calcium, phosphorus, parathyroid hormone (PTH)

and markers of inflammation are associated with greater incidence of vascular access
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complications. We also hypothesized that these associations are present for both AV fistulae and

AV grafts, but stronger in AV fistulae.

Methods
Study Design and Population

Study participants were dialysis patients who participated in the CHOICE (Choices for Healthy
Outcomes in Caring for ESRD) Study. [13] CHOICE was a national, prospective cohort study of
1,041 incident dialysis patients initiated in 1995 to investigate treatment choices of modality and
dose, and outcomes of dialysis care. Inclusion criteria for CHOICE were the initiation of chronic
outpatient dialysis within the past 6 months, ability to provide informed consent for participation,
age older than 17 years, and ability to speak English or Spanish. All patients provided informed
consent. Patients were enrolled a median of 45 days after initiation of chronic dialysis (98%
within 4 months) from sites across the country affiliated with DCI. This analysis is limited to the
CHOICE participants who used HD as their initial renal replacement modality (n = 762), were
enrolled at clinics associated with Dialysis Clinic Inc. (DCI; n = 735), had samples available in
the DCI specimen bank (n=501), and were using their initial permanent access at the time of the

blood draw for analysis (n=219).

Data Collection
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Non-fasting pre-dialysis blood specimens were centrifuged at 2,500 to 3,000 rpm for 15
minutes within 30 to 45 minutes of blood collection. [5] Separated and refrigerated specimens
then were mailed overnight on ice to the DCI Central Laboratory until they were thawed (1 thaw
cycle) for analysis. Each blood collection was aliquoted into multiple vials and stored at -80°C.
Serum calcium, phosphorus, PTH and total alkaline phosphatase were calculated as the average
of all clinical measurements performed during routine dialysis care up to 4.5 months after
enrollment to correspond to the time when FGF23 and 25(OH)D were measured. PTH was
measured on a total of 166 patients using the Diasorin intact assay (Diasorin, Inc., Stillwater,
MN, USA). C-terminal FGF23 (Immutopics, San Clemente, CA, USA) and 25(0OH)D
(Immunodiagnostic Systems, Scottsdale, AZ, USA) were measured at a single time-point in

stored plasma samples drawn within 6 months of enrollment (median of 90 days).

Other characteristics assessed at initiation of dialysis included age, gender, race (self-
reported, categorized as African-American or other), BMI, and comorbidity. Comorbidity was
assessed at baseline using the Index of Coexistent Disease (ICED), which is a validated 4-level
scale of comorbidity that incorporates measures of both disease severity and physical
impairment. The ICED scores were categorized as mild (0 or 1), moderate (2), or severe (3). [14,

15]

Vascular access information was obtained through review of discharge summaries,
dialysis flow sheets, and dialysis clinic progress notes. The first and last date of use for each

access was recorded. The primary outcome was any access-related intervention, including
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angioplasty, thrombolysis, surgical revision of a poorly functioning or nonfunctioning fistula or
graft and dialysis catheter placement. Follow-up was censored on the date of access intervention,

1 year follow-up, or at the time of death, whichever came first.

Statistical Analysis

Baseline characteristics of the study population were described and compared across
levels of 25(0OH)D and FGF-23 using linear or logistic regression, as appropriate. We grouped
the upper two tertiles of 25(OH)D and the lower two tertiles of FGF-23 for comparison to the
remaining tertile. Unadjusted survival was compared across tertiles of each biomarker using
Kaplan—-Meier curves and log-rank tests. Independent associations were estimated by Cox
proportional hazards models. Analyses were repeated in the subset of patients with PTH
measurements available (n=166). Continuous associations between 25(0OH)D, FGF-23 and PTH
with the incidence rate ratio of AVF intervention or failure were assessed with restricted cubic
spline Poisson models, using 3 knots at the 10t, 50t and 90™ percentiles. Statistical analyses
were performed using Stata (Special Edition, version 13; Stata Corporation, College Station, TX,

USA).

Results
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A total of 219 patients had complete information and were receiving hemodialysis
through a working AVF (n=103) or AVG (n=116) at the time of the blood draw and are included
in these analyses. These participants did not differ from the remaining 543 hemodialysis patients

in terms of age, race, sex, BMI or severity of comorbidities (all p>0.32).

Those with higher 25(OH)D were more likely to be female and less likely to be obese
than their counterparts with lower 25(OH)D. (Table 1) As expected, serum calcium was
significantly correlated with both 25(OH)D (r=0.28; p<0.001) and FGF23 (r=0.18; p=0.007)
(Table2). Serum phosphorus also was strongly correlated with FGF-23 (r=0.43; p<0.001).
25(0OH)D and FGF23, however, were not significantly correlated (r=0.11; p=0.11). CRP and IL-
6 were strongly correlated (r=0.55; p<0.001) as expected, and calcium was negatively correlated

with both CRP (r=-0.07) and IL-6 (r=-0.16; p=0.02).

Associations with Arteriovenous Fistula Intervention or Failure

A total of 103 patients were using an AVF at the time of the blood draw (Table 3).
Among these, 24 experienced AVF interventions. A 25(OH)D level in the lowest tertile (< 11
ng/ml) was associated with a higher incidence of AVF intervention than higher levels in
unadjusted analyses (relative hazard [RH] = 2.50; 95% confidence interval [CI]: 1.12,5.60)
(Figure 1) This association was statistically significant after adjustment for age, race, gender,

BMI, and ICED (RH = 2.74; 95% CI: 1.13,6.64).(Figure 2). The association between 25(0OH)D

10
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and AVF intervention was curvilinear, with greater risk observed at 25(0OH)D levels below
approximately 6 ng/mL (Figure 2). Those with an FGF-23 level in the highest tertile (>3750
RU/ml) had a marginally higher risk of AVF intervention (adjusted RH = 2.15; 95% ClI:
0.90,5.15) though it was not statistically significant. (Table 1. Figure 3, 4). This association
remained non-significant even after adjusting for phosphorus levels. (Table 3). Among the other
markers of mineral metabolism and inflammation, only PTH was significantly associated with
AVF intervention in unadjusted and adjusted analyses (adjusted RH 1.67; 95% ClI: 1.00, 2.78)

(Table 4).

In @ model including 25(OH)D and FGF23, both low 25(OH)D and high FGF23 were
significantly associated with AVF intervention (Table 5). These associations were also
independent of PTH in analyses limited to the subset of patients with PTH assessed (Table 5).
Higher PTH also remained significantly associated with AVF intervention in models adjusted for

25(0OH)D and FGF23 (Figure 5).

Associations with Arteriovenous Graft intervention or Failure

A total of 43 of the 116 patients using an AVG experienced access intervention (Table 6).
Neither 25(OH)D nor FGF23 were significantly associated with AVG intervention in unadjusted
or adjusted analyses. Additionally, none of the markers tested were significantly associated with

AVG intervention.

11
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Discussion

Mineral metabolism disorders have been associated with many adverse outcomes in
ESRD, including cardiovascular disease and mortality. [4,16] Few studies heretofore have
investigated the relationship of markers of mineral metabolism with vascular access failure. In a
cohort of 128 patients, Walker, et al found 25(OH)D deficiency (<20 ng/ml) to be associated
with higher incidence of vascular access failure defined as thrombosis or abandonment for non-
maturation or loss of patency.[17] However, they did not study other factors, such as FGF23 and
PTH. Morena et al followed 128 patients with AVF for up to 2 years. Thrombosis occurred in 19
patients and those with AVF thrombosis had higher levels of phosphorus compared to those
without AVF dysfunction [18]. This study did not find any association of serum CRP level with
risk of vascular access complications, similar to our findings. The association of 25(OH)D and
FGF23 levels with vascular access complications were not studied. We measured both the
separate and combined effect of these analytes on AVF and AVG complications. We found that
low 25(0OH)D and high FGF23 level are both independently associated with increased risk of

AVF intervention, but not with AVG intervention.

Deficiency of 25(OH)D has been associated with many pathophysiologic processes,
including generalized inflammation, endothelial dysfunction, left ventricular hypertrophy and
increased predisposition to infections. [19] Production of FGF23 is regulated in part by 1,25

DiHydroxy Vitamin D. [20] FGF23 binds to FGF receptor and o Klotho complexes to stimulate

12
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renal phosphate excretion, increased PTH production and suppress activated vitamin D levels.

[21]

One potential pathophysiologic mechanism through which abnormal levels of 25(OH)D
and FGF23 may lead to vascular access complications is through generalized inflammation.
Cholecalciferol replacement in ESRD patients has been shown to decrease the level of
inflammatory markers. [22] Although we did not find any association between higher levels of
IL-6 and CRP with AVF failure, other inflammatory pathways may be responsible for the
associations we observed. Apart from IL-6, studies have identified increased levels of tumor
necrosis factor alpha (TNF alpha) [23] and IL-8[24] in ESRD population and these have been
associated with increased risk of cardiovascular complications, including atherosclerosis. [25]
Furthermore, vitamin D may also regulate the renin angiotensin aldosterone (RAAS), or promote
endothelial function through additional pathways. [26, 27] FGF23 may promote vascular access
dysfunction indirectly, through its physiologic role in decreasing the levels of 1,25 Dihydroxy
Vitamin D. [28] It may also work directly by increasing the inflammatory markers like lipocalin-
2, TNF alpha and transforming growth factor beta (TGF Beta) as shown in animal models. [29]
We did not find any increased risk of these abnormalities on loss of AVG patency indicating that
they might not have a similar effect on anastomosis with synthetic surfaces as they have on

native veins.

The cut-off values for 25(OH)D and FGF-23 analysis are based on tertiles of their

distributions and validated by the continuous associations shown in figure 1 and 3, respectively.

13
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The cut-off for 25(OH)D in our study is lower than <20 ng/ml used in some other analyses. Our
findings suggest that higher risk associated with 25(OH)D deficiency may be limited to those
that have severely decreased levels. This has potential implications for trials designed to look at
the effect of vitamin D replacement as only this group with very low levels might benefit from
intervention. Indeed, in a small trial looking at the efficacy of high dose Vitamin D3 replacement
in improving AVF maturation, 25(OH)D level of < 30 ng/ml was used as inclusion criteria and
the mean serum 25(OH)D was 16.8 ng/ml. [30] This study failed to show a benefit of D3

replacement. Future studies might examine the impact in those with even lower 25(OH)D levels.

High PTH level was associated with a higher risk of AVF failure with the association
being stronger when adjusted for 25(OH)D and FGF-23. Levels of PTH were available for only a
subset of patients, which limits the precision of our estimates. Secondary hyperparathyroidism
has been implicated in vascular calcification and increased cardiovascular mortality in ESRD
population. [31] It can exert its effect on vasculature by impairing lipid metabolism, insulin
resistance, activation of vascular smooth muscle cells and increase calcium and phosphorus

deposition. [32]

Our study is limited by the observational design which precludes determination of
causality. The relatively small number of events limits the precision of our estimates. Another
limitation is the exclusion of patients with a nonfunctioning access, which may have introduced a
selection bias. This group with primary access failure might have had a different effect of

mineral metabolism disorders compared to the group included in the study.

14

This article is protected by copyright. All rights reserved.



Although far from definitive, this study suggests several potential therapeutic targets to
improve vascular access outcomes that should be studied more rigorously. A recent pilot study
found increased patency of dialysis access with direct injection of calcitriol to the stenosis lesion
after balloon angioplasty. [33] On the other hand, another small trial failed to show any benefit
of cholecalciferol replacement on vascular access patency. [30] Larger, prospective clinical trials
with interventions to control multiple aspects of bone mineral metabolism should be designed to

study the effect of these potential therapeutic targets on vascular access outcomes.

References:

1 Feldman HI, Kobrin S, Wasserstein A: Hemodialysis vascular access morbidity; J Am

Soc Nephrol 1996;7:523-535.

15

This article is protected by copyright. All rights reserved.

{ Field Code Changed




2 Rayner HC, Pisoni RL, Bommer J, Canaud B, Hecking E, Locatelli F, Piera L, Bragg-
Gresham JL, Feldman HI, Goodkin DA, Gillespie B, Wolfe RA, Held PJ, Port FK: Mortality and
hospitalization in haemodialysis patients in five European countries: results from the Dialysis
Outcomes and Practice Patterns Study (DOPPS); Nephrol Dial Transplant 2004;19:108-120.

3 Rosenberg JE, Astor BC, Deluca HF, Yevzlin AS: The association of mineral metabolism
with vascular access patency. J Vasc Access 2016;17:392-396.

4 Navarro-Gonzalez JF, Mora-Fernandez C, Muros M, Herrera H, Garcia J. Mineral
Metabolism and Inflammation in Chronic Kidney Disease Patients: A Cross-Sectional

Study. Clinical Journal of the American Society of Nephrology : CJTASN. 2009;4(10):1646-1654.
5 Scialla JJ, Parekh RS, Eustace JA, Astor BC, Plantinga L, Jaar BG, Shafi T, Coresh J,
Powe NR, Melamed ML: Race, Mineral Homeostasis and Mortality in Patients with End-Stage
Renal Disease on Dialysis: Am J Nephrol 2015;42:25-34.

6 Block GA, Hulbert-Shearon TE, Levin NW, Port FK: Association of serum phosphorus
and calcium x phosphate product with mortality risk in chronic hemodialysis patients. A national
study; Am J Kidney Dis 1998;31:607-617.

7 Melamed ML, Astor B, Michos ED, Hostetter TH, Powe NR, Muntner P: 25-
hydroxyvitamin D levels, race, and the progression of kidney disease: J Am Soc Nephrol

2009;20:2631-2639.

16

This article is protected by copyright. All rights reserved.



8 Melamed ML, Eustace JA, Plantinga L, Jaar BG, Fink NE, Coresh J, Klag MJ, Powe NR:
Changes in serum calcium, phosphate, and PTH and the risk of death in incident dialysis
patients; a longitudinal study. Kidney Int 2006;70:351-357.

9 Gutiérrez OM, Mannstadt M, Isakova T, Rauh-Hain JA, Tamez H, Shah A, Smith K, Lee
H, Thadhani R, Jippner H, Wolf M: Fibroblast growth factor 23 and mortality among patients
undergoing hemodialysis: N Engl J Med 2008;359:584-592.

10 Korkor AB, Bretzmann CM, Eastwood DC: Vitamin D Deficiency in Dialysis Patients
and Its Effect on Various Disease Markers: Dial. Transplant 2009; 38: 461-464.

11. Zhang Y, Darssan D, Pascoe EM, Johnson DW, Pi H, Dong J: Vitamin D status and
mortality risk among patients on dialysis: a systemic review and meta-analysis of observational
studies. Nephrol Dial Transplant 2018;gfy016:1-10

12 London GM, Guérin AP, Verbeke FH, Pannier B, Boutouyrie P, Marchais SJ, Métivier F:
Mineral metabolism and arterial functions in end-stage renal disease; potential role of 25-
hydroxyvitamin D deficiency. J Am Soc Nephrol 2007;18:613-620.

13 Powe NR, Klag MJ, Sadler JH, Anderson GF, et.al: Choices for Healthy Outcomes in
Caring for End Stage Renal Disease: Semin Dial. 1996;9:9-11.

14 Athienites NV, Miskulin DC, Fernandez G, et al. Comorbidity assessment in
hemodialysis and peritoneal dialysis using the index of coexistent disease. Semin Dial.

2000;13:320-326

17

This article is protected by copyright. All rights reserved.



15 Nicolucci A, Cubasso D, Labbrozzi D, et al: Effect of coexistent diseases on survival of
patients undergoing dialysis. ASAIO J. 1992;38:M291-M295

16 Abe M, Okada K, Soma M: Mineral Metabolic Abnormalities and Mortality in Dialysis
Patients: Nutrients 2013, 5, 1002-1023.

17 Walker J, Hiramoto J, Gasper W, et al. Vitamin D deficiency is associated with mortality
and adverse vascular access outcomes in patients with end stage renal disease. Journal of
vascular surgery. 2014;60(1):176-183

18 Morena M, Bosc JY, Jaussent I, Dupuy AM, Terrier N, et al. The role of mineral
metabolism and inflammation on dialysis vascular access failure. J Vasc Access, 2006; 7(2):77-
82

19 Filho AJI, Malamed ML: Vitamin D and Kidney Disease. What we know and what we do
not know: J Bras Nefrol 2013;35(4):323-331

20 Liu S, Tang W, Zhou J et al. Fibroblast growth factor 23 is acounter-regulatory
phosphaturic hormone for vitamin D. J Am Soc Nephrol 2006; 17: 1305-1315

21 Kovesdey CP, Quarles LD: Fibroblast growth factor-23: what we know, what we don’t
know, and what we need to know: Nephrol Dial Transplant (2013) 28: 2228-2236

22 Matias PJ, Jorge C, Ferreira C, et.al: Cholecalciferol Supplementation in Hemodialysis
Patients: Effects on Mineral Metabolism, Inflammation, and Cardiac Dimension Parameters:

Clin J Am Soc Nephrol 5: 905-911

18

This article is protected by copyright. All rights reserved.



23 Stenvinkel P, Ketteler M, Jonhson RJ et. al: IL-10, IL-6, and TNF-a: Central factors in
the altered cytokine network of uremia—The good, the bad, and the ugly: Kidney International,
Vol. 67 (2005), pp. 1216-1233

24 Panichi V, Taccola D, Rizza GM et. al: Interleukin-8 Is a Powerful Prognostic Predictor
of All-Cause and Cardiovascular Mortality in Dialytic Patients: Nephron Clin Pract
2006;102:¢51-c58

25 Stubbs JR, Idiculla A, Slusser J, et. al: Cholecalciferol Supplementation Alters Calcitriol
Responsive Monocyte Proteins and Decreases Inflammatory Cytokines in ESRD: J Am Soc
Nephrol 21: 353-361, 2010

26 Zhou C, Lu F, Cao K et. al: Calcium-independent and 1,25(0OH)2D3-dependent
regulation of the renin-angiotensin system in la-hydroxylase knockout mice: Kidney
International (2008) 74, 170-179

27 Chitalia N, Recio-Mayorel A, Kaski JC, Banerjee D: Vitamin D deficiency and
endothelial dysfunction in non-dialysis chronic kidney disease patients: Atherosclerosis 220

(2012) 265-268

28 Shimada T, Hasegawa H, et. al: FGF-23 is a potent regulator of vitamin D metabolism

and phosphate homeostasis. J Bone Miner Res. 2004 Mar;19(3):429-35

29 Dai B, David V, Martin A et al: A Comparative Transcriptome Analysis Identifying

FGF23 Regulated Genes in the Kidney of a Mouse CKD Model. PL0oS One 2012; 7: e44161

19

This article is protected by copyright. All rights reserved.


https://www.ncbi.nlm.nih.gov/pubmed/?myncbishare=uwisclib&otool=uwisclib&cmd=Search&term=Shimada+T%2C+Hasegawa+H%2C+Yamazaki+Y%2C+Muto+T%2C+Hino+R%2C+Takeuchi+Y%2C+et+al.+FGF-23+is+a+potent+regulator+of+vitamin+D+metabolism+and+phosphate+homeostasis.+J+Bone+Miner+Res+2004%3B19&submit2=Go

30 Wasse H, Huang R, Long Q, Zhao Y, et. al: Very High-dose Cholecalciferol and

Arteriovenous Fistula Maturation in ESRD: A Randomized, Double-Blind, Placebo-Controlled

Pilot Study: J Vasc Access. 2014 May 8; 15(2): 88-94

31 Goodman WG: The Consequences of Uncontrolled Secondary Hyperparathyroidism and

Its Treatment in Chronic Kidney Disease. Seminars in Dialysis 2004;17(3): 209-216

32 Rostand SG, Drueke TB: Parathyroid hormone, vitamin D, and cardiovascular disease in

chronic renal failure. Kidney International 1999;56:383-392

33 Sato T, Iwasaki Y, Kikkawa Y, Fukagawa M: An efficacy of intensive vitamin D

delivery to neointimal hyperplasia in recurrent vascular access stenosis: J Vasc Access 2016; 17

(1): 72-77

Table 1. Baseline characteristics, by 25(OH)D and FGF-23 category*

25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11 =11 P (<3,750 (>3,750 P
ng/mL) ng/mL) RU/mL) RU/mL)
N 74 145 - 145 74 -
Age, years 59.6 (11.5) 58.2(15.9) 0.48 60.2 (14.4) 55.7 (14.4) 0.03
Female, % 36.5 59.2 0.002 50.3 54.1 0.60
Black, % 35.1 30.3 0.47 35.2 25.7 0.16
ICED 2.0(0.8) 1.9 (0.8) 0.38 1.9(0.8) 2.0(0.8) 0.75
Body Mass <0.00
Index, kg/m? 30.1(7.3) 26.4(5.8) 1 27.4 (6.4) 28.2 (6.9) 0.43
25(0OH)D,
ng/mL 8.8 (1.5) 17.3 (5.4) - 14.2 (5.5) 15.1 (6.9) 0.29
20
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FGF-23, 3581 4713
gy (4308) o9y 01 1,392 (923) 10,088 (4365) -
Calcium, mg/dl  9.0(0.6)  9.3(0.7)  0.006 9.1(0.6) 9.3(0.7) 0.08
;Z‘;Z‘I’homs' 52(1.2) 54(L3) 0.8 5.0 (1.1) 6.0(L2)  <0.001
iPTH, pg/ml 222 (172) 290 (415)  0.22 228 (323) 333 (365) 0.06
CRP, mg/dl 10(1L5)  07(1.0) 003 0.7 (1.1) 0.9 (1.3) 0.43
IL-6, mg/dI 89(159) 6.3(9.9) 013 7.0 (12.1) 7.5 (12.7) 0.77
Arteriovenous

Fistla, % 40.1 50.3 0.17 43.4 54.1 0.14

* baseline characteristics (unadjusted = bivariable)

ICED: Index of Co-Existent Diseases; iPTH: Intact parathyroid hormone (n=166)

Table 2. Correlations between markers of mineral metabolism and inflammation*

25(0H)D

FGF-23

Calcium

Phosphorus

iPTH CRP

FGF-23

0.11

(n=166)

21
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. 0.28 0.18
Calcium (<0.001) | (0.007) - ) ) )
Phosphorus 0.07 043 0.02 - - -

: (<0.001) '
iPTH -0.31
(n=166) -0.07 012 | ooony | 016 - -
CRP -0.08 0.07 -0.07 -0.01 -0.02 -

-0.16 0.55

IL-6 -0.07 0.11 0.02) 0.01 0.10 (<0.001)

*Correlations based on Unadjusted Log Values of each marker.

25(0OH)D: 25-hydroxy vitamin D; FGF-23: Fibroblast growth factor-23; iPTH: intact parathyroid
hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 3. Incidence of Arteriovenous Fistula Intervention, by 25(OH)D and FGF-23

category*
25(0H)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 11 (<9,750 (3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 11/30 13/73 12/63 12/40
Incidence Rate (per
100 person-months) 534 2.05 219 4.14
Unadjusted 2.0 Reference Reference 1.76
Relative Hazard ~ (1.12, 5.60) (0.79,3.93)
Adjusted# Relative 2.74 Ref Ref 2.15
Hazard (1.13, 6.64) eference eference (0.90, 5.15)
Unadjusted + Log 2.90 2.22
Phosphorus, (1.22,6.92)  Reference Reference, (0.81, 6.09) N //[ Formatted: Not Highlight
. P=0.02 p=0.12 - { Formatted: Not Highlight
Adjusted# + Log 3.38 2.54 —
Phosphorus, (1.30,8.80)  Reference Reference, (0.88, 7.31) Formatted: Not Highlight
P=0.01 P=0.08 Formatted: Not Highlight
* Unadjusted (bivariable) and adjusted (multivariable) Formatted: Not Highlight
#Adjusted for age, sex, race, index of co-existent disease, and body mass index Formatted: Not Highlight
Formatted: Not Highlight

This article is protected by copyright. All rights reserved.

23

O G )




Table 4. Associations of Markers of Mineral Metabolism and Inflammation with
Arteriovenous Fistula and Graft Intervention*

AVG AVF
Adjusted (age, Adjusted (age,
Unadjusted race, sex, Unadjusted race, sex,
ICED, BMI) ICED, BMI)
Loa Calcium 1.02 1.09 0.90 0.89
g (0.77,1.36)  (0.79, 1.49) (0.63,1.28)  (0.60, 1.32)
Loa Phosohors 0.87 0.88 1.03 112
g Fhosp (0.68,1.12)  (0.66,1.17) (0.64,1.66)  (0.66, 1.89)
Log iPTH 1.71 1.67
0.98 1.01
81 AVF; 85 1.10, 2.67 1.00, 2.78
(AVG) (0.67,1.44)  (0.67,153) ( P=0.02 o P=0.05 )
0.97 0.97 1.21 1.22
Log CRP (0.71,1.33)  (0.69, 1.35) (0.73,1.98)  (0.67,2.22)
Loa IL6 0.98 0.95 1.19 1.20
g (0.70,1.37)  (0.63, 1.42) (0.86,1.65)  (0.86, 1.68)

* Unadjusted (bivariable) and adjusted (multivariable)
Per 1 SD higher

iPTH: intact parathyroid hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 5. Associations of Markers of Mineral Metabolism and Inflammation with

Arteriovenous Fistula Intervention

Adjusted# Relative Adjusted* Relative
Hazard (N=103) Hazard (N=81)
i 3.28 5.07
(<11 nam) (L31,8.20) (151, 17.0)
25(0H)D P=0.01 P=0.009
Tertiles 2-3
11 ng/mL) Reference Reference
Tertiles 1-2
(<3,750 RU/mL) Reference Reference
FGF-23 . 2.56 3.27
Tertile 3
(1.06, 6.18) (1.14, 9.40)
(=3,750 RU/mL ) b=0.04 o003
1.64
PTH Per SD * (102, 2.62)
P=0.04

#Adjusted for age, sex, race, body mass index, index of coexistent disease, FGF-23, 25(0OH)D.

*Adjusted multivariable for PTH in addition to the above.
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Table 6. Incidence of Arteriovenous Graft Intervention, by 25(OH)D and FGF-23

category*
25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 =11 (<9,750 (3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 15/44 28172 30/82 13/34
Incidence Rate (per
100 person-months) 4.36 5.83 4.89 6.16
. 1.14
Unadjusted 0.77
Relative Hazard (0.41, 1.44) Reference Reference (0.59, 2.18)
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Adjusted# Relative 0.74 Ref Ref 1.16
Hazard (0.39, 1.42) eference eference (0.59, 2.25)

* Unadjusted (bivariable) and adjusted (multivariable)

#Adjusted for age, sex, race, index of co-existent disease, and body mass index

Figure 1. Kapan-Meier survival curve for arteriovenous fistula, by tertiles of 25(OH)D

27
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Figure 2. Adjusted incidence rate ratio for arteriovenous fistula, by 25(OH)D. Adjusted for
age, sex, race, body mass index and index of coexistent disease
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Figure 3. Kapan-Meier survival curve for arteriovenous fistula, by tertiles of FGF-23
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Figure 4. Adjusted incidence rate ratio for arteriovenous fistula, by FGF-23. Adjusted for
age, sex, race, body mass index and index of coexistent disease
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Figure 5. Adjusted incidence rate ratio for arteriovenous fistula, by PTH. Adjusted for
25(OH)D and FGF-23
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Table 1. Baseline characteristics, by 25(0OH)D and FGF-23 category™

25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11 (=11 P (<8,750 (>3,750 P
ng/mL) ng/mL) RU/mL) RU/mL)
N 74 145 - 145 74 -
Age, years 59.6 (11.5) 58.2(15.9) 0.48 60.2 (14.4) 55.7 (14.4) 0.03
Female, % 36.5 59.2 0.002 50.3 54.1 0.60
Black, % 35.1 30.3 0.47 35.2 25.7 0.16
ICED 2.0(0.8) 1.9 (0.8) 0.38 1.9(0.8) 2.0(0.8) 0.75
Body Mass <0.00
Index, kg/m? 30.1(7.3) 26.4(5.8) 1 27.4 (6.4) 28.2 (6.9) 0.43
25(0OH)D,
ng/mL 8.8 (1.5) 17.3(5.4) - 14.2 (5.5) 15.1 (6.9) 0.29
FGF-23, 3581 4713
RU/ML (4398) (5099) 0.11 1,392 (923) 10,088 (4365) -
Calcium, mg/dl 9.0 (0.6) 9.3(0.7)  0.006 9.1 (0.6) 9.3(0.7) 0.08
m‘;g‘l’homs' 52(1.2) 54(L3) 0.8 5.0 (1.1) 6.0(12)  <0.001
iPTH, pg/ml 222 (172) 290 (415) 0.22 228 (323) 333 (365) 0.06
CRP, mg/dI 1.0(1.5) 0.7 (1.0 0.03 0.7 (1.1) 0.9 (1.3) 0.43
IL-6, mg/dI 8.9 (15.9) 6.3(9.9) 0.13 7.0 (12.1) 7.5(12.7) 0.77
Arteriovenous 40.1 50.3 0.17 434 54.1 0.14
Fistula, %
* baseline characteristics (unadjusted = bivariable)
ICED: Index of Co-Existent Diseases; iPTH: Intact parathyroid hormone (n=166)
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Table 2. Correlations between markers of mineral metabolism and inflammation*

iPTH

25(0OH)D | FGF-23 | Calcium | Phosphorus (n=166) CRP

FGF-23 0.11 - : : ; :
) 0.28 0.18
Caleium | 5001y | (0.007) ] ] ] ]
Phosphorus | 0.07 0.43 0.02 - - -
: (<0.001) |
iPTH 031
(n=166) 007 1 012 | 000y | 016 ' '
CRP 20.08 0.07 0.07 0.01 0.02 :
0.16 0.55

IL-6 0.07 011 | 0on 0.01 010 | Toon

*Correlations based on Unadjusted Log Values of each marker.

25(0OH)D: 25-hydroxy vitamin D; FGF-23: Fibroblast growth factor-23; iPTH: intact parathyroid

hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 3. Incidence of Arteriovenous Fistula Intervention, by 25(OH)D and FGF-23
category*

25(0H)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 11 (<9,750 (3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 11/30 13/73 12/63 12/40
Incidence Rate (per
100 person-months) 5.34 2.05 2.19 414
Unadjusted 2.0 Reference Reference 1.76
Relative Hazard ~ (1.12, 5.60) (0.79,3.93)
Adjusted# Relative 2.74 Ref Ref 2.15
Hazard (1.13, 6.64) eference eference (0.90, 5.15)
Unadjusted + Log 2.90 2.22
Phosphorus, (1.22,6.92)  Reference Reference, (0.81, 6.09) N //[ Formatted: Not Highlight
) P=0.02 P=0.12 ~{ Formatted: Not Highlight
Adjusted# + Log 3.38 2.54 —
Phosphorus, (1.30,8.80)  Reference Reference, (0.88, 7.31) Formatted: Not Highlight
P=0.01 P=0.08 Formatted: Not Highlight
* Unadjusted (bivariable) and adjusted (multivariable) Formatted: Not Highlight
#Adjusted for age, sex, race, index of co-existent disease, and body mass index Formatted: Not Highlight
Formatted: Not Highlight
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Table 4. Associations of Markers of Mineral Metabolism and Inflammation with
Arteriovenous Fistula and Graft Intervention*

AVG AVF
Adjusted (age, Adjusted (age,
Unadjusted race, sex, Unadjusted race, sex,
ICED, BMI) ICED, BMI)
Loa Calcium 1.02 1.09 0.90 0.89
g (0.77,1.36)  (0.79, 1.49) (0.63,1.28)  (0.60, 1.32)
Loa Phosohors 0.87 0.88 1.03 112
g Fhosp (0.68,1.12)  (0.66,1.17) (0.64,1.66)  (0.66, 1.89)
Log iPTH 1.71 1.67
0.98 1.01
81 AVF; 85 1.10, 2.67 1.00, 2.78
(AVG) (0.67,1.44)  (0.67,153) ( P=0.02 b P=0.05 )
0.97 0.97 1.21 1.22
Log CRP (0.71,1.33)  (0.69, 1.35) (0.73,1.98)  (0.67,2.22)
Loa IL6 0.98 0.95 1.19 1.20
g (0.70,1.37)  (0.63, 1.42) (0.86,1.65)  (0.86, 1.68)

* Unadjusted (bivariable) and adjusted (multivariable)
Per 1 SD higher

iPTH: intact parathyroid hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 5. Associations of Markers of Mineral Metabolism and Inflammation with

Arteriovenous Fistula Intervention

Adjusted# Relative Adjusted* Relative
Hazard (N=103) Hazard (N=81)
i 3.28 5.07
(<Errt1'$7ni) (1.31,8.20) (151,17.0)
25(0H)D P=0.01 P=0.009
Tertiles 2-3
(>11 ng/mL) Reference Reference
(<3T ?g(I)IeF:Ul/-riL) Reference Reference
FGF-23 . 2.56 3.27
Tertile 3
(1.06, 6.18) (1.14, 9.40)
(23,750 RU/mL ) oo 14,94
1.64
P Per SD * (102, 2.62)
P=0.04

#Adjusted for age, sex, race, body mass index, index of coexistent disease, FGF-23, 25(0OH)D.

*Adjusted multivariable for PTH in addition to the above.
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Table 6. Incidence of Arteriovenous Graft Intervention, by 25(OH)D and FGF-23

category*
25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 (=11 (<9,750 (>3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 15/44 28/72 30/82 13/34
Incidence Rate (per
100 person-months) 4.36 5.83 4.89 6.16
. 1.14
Unadjusted 0.77
Relative Hazard (0.41, 1.44) Reference Reference (0.59, 2.18)
Adjusteds Relative 0.74 Reference Reference 1.16
Hazard (0.39, 1.42) (0.59, 2.25)

* Unadjusted (bivariable) and adjusted (multivariable)

#Adjusted for age, sex, race, index of co-existent disease, and body mass index
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Table 1. Baseline characteristics, by 25(OH)D and FGF-23 category*

25(0H)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11 11 p (<3,750 (>3,750 p
ng/mL) ng/mL) RU/mL) RU/mL)

N 74 145 : 145 74 .
Age, years 59.6 (11.5) 58.2(15.9) 0.8 60.2 (14.4)  55.7(14.4)  0.03
Female, % 36.5 59.2 0.002 50.3 54.1 0.60
Black, % 35.1 30.3 0.47 35.2 25.7 0.16
ICED 20(0.8) 19(08) 038 1.9 (0.8) 2.0(0.8) 0.75
Body Mass <0.00
Index, kam? 301(73) 264(58) 27.4 (6.4) 28.2 (6.9) 0.43
25(0H)D,
oL 88(15)  17.3(5.4) - 14.2 (5.5) 15.1 (6.9) 0.29
FGF-23, 3581 4713
UL (4398) cooe) O 1,392 (923) 10,088 (4365) -
Calcium, mg/dl  9.0(0.6)  9.3(0.7)  0.006 9.1 (0.6) 9.3(0.7) 0.08
;Z?Z‘I’horus' 52(1L2)  54(L3) 0.18 5.0 (1.1) 6.0(1.2)  <0.001
iPTH, pg/ml 222 (172) 290 (415) 0.22 228 (323) 333 (365) 0.06
CRP, mg/d| 10(15)  07(10) 0.03 0.7 (1.1) 0.9 (1.3) 0.43
IL-6, mg/dI 89(159) 6.3(9.9) 0.13 7.0 (12.1) 7.5 (12.7) 0.77
Arteriovenous 40.1 50.3 0.17 43.4 54.1 0.14

Fistula, %

* baseline characteristics (unadjusted = bivariable)

ICED: Index of Co-Existent Diseases; iPTH: Intact parathyroid hormone (n=166)
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Table 2. Correlations between markers of mineral metabolism and inflammation*

. iIPTH

25(0OH)D | FGF-23 | Calcium | Phosphorus (n=166) CRP

FGF-23 0.11 - - - - -
. 0.28 0.18
Calcium 1 5001y | (0.007) ) ) ) )
Phosphorus 0.07 0.43 0.02 - - -
' (<0.001) '
iPTH -0.31
(n=166) 007 1 012 ooy | 016 ' '
CRP -0.08 0.07 -0.07 -0.01 -0.02 -
-0.16 0.55

IL-6 -0.07 0.11 (0.02) 0.01 0.10 (<0.001)

*Correlations based on Unadjusted Log Values of each marker.

25(0H)D: 25-hydroxy vitamin D; FGF-23: Fibroblast growth factor-23; iPTH: intact parathyroid
hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 3. Incidence of Arteriovenous Fistula Intervention, by 25(OH)D and FGF-23

category*
25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 11 (<9,750 (>3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 11/30 13/73 12/63 12/40
Incidence Rate (per
100 person-months) 5.34 2.05 2.19 4.14
Unadjusted 2.0 Reference Reference 1.76
Relative Hazard ~ (1.12, 5.60) (0.79, 3.93)
Adjusted# Relative 2.74 Ref Ref 2.15
Hazard (1.13, 6.64) eference eference (0.90, 5.15)
Unadjusted + Log 2.90 2.22
Phosphorus (1.22,6.92)  Reference Reference (0.81, 6.09)
P=0.02 P=0.12
Adjusted# + Log 3.38 2.54
Phosphorus (1.30,8.80) Reference Reference (0.88, 7.31)
P=0.01 P=0.08

* Unadjusted (bivariable) and adjusted (multivariable)

#Adjusted for age, sex, race, index of co-existent disease, and body mass index
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Table 4. Associations of Markers of Mineral Metabolism and Inflammation with
Arteriovenous Fistula and Graft Intervention*

AVG

Adjusted (age,

AVF

Adjusted (age,

Unadjusted race, sex, Unadjusted race, sex,
ICED, BMI) ICED, BMI)
Loa Calcium 1.02 1.09 0.90 0.89
g (0.77,1.36)  (0.79, 1.49) (0.63,1.28)  (0.60, 1.32)
Loa Phosohorus 0.87 0.88 1.03 1.12
g Fhosp (0.68,1.12)  (0.66, 1.17) (0.64,1.66)  (0.66, 1.89)
Log iPTH 1.71 1.67
0.98 1.01
81 AVF: 85 1.10, 2.67 1.00, 2.78
(AVG) (0.67,1.44)  (0.67, 1.53) ( 19,25 ) 002 )
0.97 0.97 1.21 1.22
Log CRP (0.71,1.33)  (0.69, 1.35) (0.73,1.98)  (0.67,2.22)
Loa IL.6 0.98 0.95 1.19 1.20
g (0.70,1.37)  (0.63, 1.42) (0.86,1.65)  (0.86, 1.68)

* Unadjusted (bivariable) and adjusted (multivariable)

Per 1 SD higher

iIPTH: intact parathyroid hormone; CRP: C-reactive protein; IL-6: interleukin-6.
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Table 5. Associations of Markers of Mineral Metabolism and Inflammation with

Arteriovenous Fistula Intervention

Adjusted# Relative Adjusted* Relative
Hazard (N=103) Hazard (N=81)
. 3.28 5.07
( <Er;';r§|_) (1.31, 8.20) (151, 17.0)
25(0OH)D P=0.01 P=0.009
Tertiles 2-3
(11 ng/mL) Reference Reference
( <3T ?rSt(IJI(IER”sL}/-riL) Reference Reference
FGF-23 . 2.56 3.27
Tertile 3
(1.06, 6.18) (1.14, 9.40)
(23,750 RU/mL.) P=0.04 P=0.03
Lo 1.64
iPT% Per SD * (1.02, 2.62)
P=0.04

#Adjusted for age, sex, race, body mass index, index of coexistent disease, FGF-23, 25(OH)D.

*Adjusted multivariable for PTH in addition to the above.
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Table 6. Incidence of Arteriovenous Graft Intervention, by 25(OH)D and FGF-23
category*

25(0OH)D FGF-23
Tertile 1 Tertile 2-3 Tertile 1-2 Tertile 3
(<11.0 11 (<9,750 (>3,750
ng/mL) ng/mL) RU/mL) RU/mL)
Events /N 15/44 28/72 30/82 13/34
Incidence Rate (per
100 person-months) 4.36 5.83 4.89 6.16
: 1.14
Unadjusted 0.77
Relative Hazard (0.41, 1.44) Reference Reference (0.59, 2.18)
Adjusteds Relative 0.74 Reference Reference 1.16
Hazard (0.39, 1.42) (0.59, 2.25)

* Unadjusted (bivariable) and adjusted (multivariable)

#Adjusted for age, sex, race, index of co-existent disease, and body mass index
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