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Introduction 
• Elevated serum phosphate levels are associated with increased risks of mortality 

and hospitalization in end-stage renal disease (ESRD) patients receiving 
dialysis.1-4 

• The National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
(KDOQI™) guidelines recommend maintaining serum phosphate concentrations 
within the range 3.5-5.5 mg/dL.5 

• The Centers for Medicare and Medicaid Services (CMS) ESRD Quality 
Improvement Program currently includes serum phosphate as a reporting 
measure only. 
− Data are needed to better understand how facility-level phosphate 

management impacts patient outcomes and are critical to defining appropriate 
quality metrics for facilities. 

Table 1: Baseline Patient Characteristics by Facility Serum Phosphate Quartiles a,b 

References 
1. 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(4):607-617. 

2. Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM. Mineral metabolism, mortality, and morbidity in maintenance hemodialysis.  
J Am Soc Nephrol. 2004;15(8):2208-2218. 

3. Saran R, Bragg-Gresham JL, Rayner HC, Goodkin DA, Keen ML, Van Dijk PC, Kurokawa K, Piera L, Saito A, Fukuhara S, Young EW, Held PJ, Port FK. 
Nonadherence in hemodialysis: associations with mortality, hospitalization, and practice patterns in the DOPPS. Kidney Int. 2003;64(1):254-262. 

4. Tentori F, Blayney MJ, Albert JM, Gillespie BW, Kerr PG, Bommer J, Young EW, Akizawa T, Akiba T, Pisoni RL, Robinson BM, Port FK. Mortality risk for dialysis 
patients with different levels of serum calcium, phosphorus, and PTH: the Dialysis Outcomes and Practice Patterns Study (DOPPS). Am J Kidney Dis. 
2008;52(3):519-530. 

5. K/DOQI clinical practice guidelines for bone metabolism and disease in chronic kidney disease. Am J Kidney Dis. 2003;42(4 Suppl 3):S1-201. 
 

Results 

• Higher rates of death and hospitalization were observed with increasing 
facility serum phosphate. 

• Relative to the lowest quartile of facility serum phosphate, facility serum 
phosphate in the highest quartile was associated with: 

− increased mortality rate in the subsequent quarter (overall IRR 1.09) and  

− increased hospitalization rate in the subsequent quarter (overall IRR 1.03)  

• These data indicate that facility-level serum phosphate is associated with 
clinical outcomes and support consideration of facility-level serum phosphate 
as a quality of care metric. 

Summary/Conclusions 

Objective 

N = 89,438 

Facility Serum Phosphate Quartiles 
P- Value 1 

n = 15,862 
2 

n = 21,375 
3 

n = 22,584 
4 

n = 29,617 

Age, years                                                   
mean ± SD 

median [p25, p75] 

  
62.9 ± 14.9 

64.0 [53.0. 74.0] 

  
61.8 ± 15.2 

63.0 [52.0, 73.0] 

  
61.0 ± 15.0 

62.0 [51.0, 72.0] 

  
59.6 ± 15.0 

60.0 [50.0, 71.0] 

 
< 0.001 

Female, n (%) 7,283 (45.9) 9,668 (45.2) 10,144 (44.9) 13,468 (45.5) 0.26 

Race/ethnicity, n (%) 
White 
Black 
Hispanic 
Other/missing 

  
7,143 (45.0) 
5,137 (32.4) 
2,329 (14.7) 
1,253 (7.9) 

  
7,742 (36.2) 
7,539 (35.3) 
4,040 (18.9) 
2,054 (9.6) 

  
7,880 (34.9) 
8,901 (39.4) 
4,074 (18.0) 
1,729 (7.7) 

  
9,446 (31.9) 
13,452 (45.4) 
4,557 (15.4) 
2,162 (7.3) 

< 0.001 

Vintage, months                                 
mean ± SD 

median [p25, p75] 

  
41.6 ± 43.4 

29.0 [11.0, 57.0] 

  
42.2 ± 44.0 

30.0 [11.0, 58.0] 

  
42.1 ± 42.6  

30.0 [12.0, 59.0] 

  
43.8 ± 44.7 

31.0 [12.0, 61.0] 

 
< 0.001 

Medicare, n (%) 13,022 (82.1) 16,923 (79.2) 18,152 (80.4) 23,463 (79.2) < 0.001 

Vascular access, n (%) 
Arteriovenous fistula 
Arteriovenous graft/shunt 
CVC/hemo implant 
Missing 

  
8,397 (52.9) 
3,197 (20.2) 
4,265 (26.9) 

3 (0.0) 

  
11,102 (51.9) 
4,503 (21.1) 
5,764 (27.0) 

6 (0.0) 

  
11,656 (51.6) 
4,969 (22.0) 
5,956 (26.4) 

3 (0.0) 

  
14,742 (49.8) 
6,878 (23.2) 
7,996 (27.0) 

1 (0.0) 

< 0.001 

Etiology of ESRD, n (%) 
Diabetes 
Hypertension 
Other 

  
7,345 (47.0) 
4,145 (26.5) 
4,133 (26.5) 

  
9,746 (46.3) 
6,346 (30.2) 
4,954 (23.5) 

  
10,266 (46.0) 
7,139 (32.0) 
4,910 (22.0) 

  
13,076 (44.7) 
9,366 (32.0) 
6,803 (23.3) 

< 0.001 

Serum phosphate, mg/dL            
mean ± SD 

median [p25, p75] 

  
5.05 ± 1.29 

4.87 [4.20, 5.70] 

  
5.27 ± 1.34 

5.10 [4.37, 5.98] 

  
5.40 ± 1.38 

5.24 [4.45, 6.18] 

  
5.60 ±1.46 

5.44 [4.60, 6.43] 

 
< 0.001 

CCI score           
                           mean ± SD 

median [p25, p75] 

  
5.6 ± 1.9 
6 [4, 7] 

  
5.5 ± 1.9 
6 [4, 7] 

  
5.4 ± 1.9 
6 [4, 7] 

  
5.3 ± 1.9 
5 [4, 7] 

 
< 0.001 

a Restricted to patients with index date on or before 31 January 2009.  
b Baseline is the 90-day period immediately prior to the patient index date, and each patient may have different index date.  
Abbreviations: CCI, Charlson Comorbidity Index; CVC, central venous catheter; ESRD, end-stage renal disease; SD, standard deviation. 
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Methods 

To assess the association of facility-level serum phosphate with subsequent 
mortality and hospitalization rates among patients receiving in-center 
hemodialysis.  

Table 2: Baseline Facility Characteristics by Facility Serum Phosphate Quartiles a 

Facility Serum Phosphate Quartiles 
P- Value 

1 2 3 4 
Total number of facilities 239 277 302 388 NA 

Total patient count 19,759 25,903 27,835 36,265 NA 

Total baseline hospitalizations 8,234 10,470 11,738 14,925 NA 

Total baseline deaths 792 1,000 1,004 1,271 NA 

Facility location, n (%) 
Metropolitan 
Micropolitan 
Missing 

  
185 (77.4) 
39 (16.3) 
15 (6.3) 

  
239 (86.3) 
21 (7.6) 
17 (6.1) 

  
257 (85.1) 
30 (9.9) 
15 (5.0) 

  
337 (86.9) 
32 (8.3) 
19 (4.9) 

0.02 

Facility size, n (%) 
Small (22-64 patients) 
Medium (65-100 patients) 
Large (101-455 patients) 

  
93 (38.9) 
84 (35.2) 
62 (25.9) 

  
77 (27.8) 
96 (34.7) 
104 (37.6) 

  
106 (35.1) 
90 (29.8) 
106 (35.1) 

  
124 (32.0) 
134 (34.5) 
130 (33.5) 

0.05 

% of patients with HCT, n (%): 
< 33% 
33% to < 37% 
≥ 37% 

  
2,630 (13.9) 
8,554 (45.2) 
7,754 (40.9) 

  
3,268 (13.2) 
10,996 (44.4) 
10,514 (42.4) 

  
3,713 (14.0) 
11,727 (44.1) 
11,157 (42.0) 

  
4,816 (14.0) 
14,874 (43.2) 
14,783 (42.9) 

< 0.001 

% of patients with URR ≥ 65%, n (%) 15,467 (89.1) 20,428 (88.5) 21,637 (88.3) 28,016 (87.2) < 0.001 

Serum phosphate, mg/dL 
                                       mean ± SD                                                  

median  
[p25, p75] 

  
5.10 ± 0.17 

5.12  
[5.01, 5.21] 

  
5.38 ± 0.12 

5.38  
[5.30, 5.45] 

  
5.55 ± 0.11 

5.55  
[5.47, 5.62] 

  
5.86 ± 0.20 

5.84  
[5.72, 5.98] 

  
< 0.001 

a For facility-level variables, baseline is the quarter before the beginning of the study (ie, Q4 2008). 
Abbreviations: HCT, hematocrit, NA, not applicable; SD, standard deviation; URR, urea reduction ratio. 

• This retrospective, observational analysis included data from adult (≥ 18 years) patients receiving in-
center hemodialysis at facilities of a single large dialysis organization (LDO) over the period   
01 October 2008 to 31 December 2010.  

• Patients were censored from the analysis upon death, transfer from LDO, transplant, withdrawal from 
hemodialysis, renal recovery, or end of study.  

• Facility-level serum phosphate was considered as a quarterly-updated variable and categorized by 
quartiles.  

• Death and hospitalization (for any cause) were assessed quarterly. Rates were calculated as number 
of events per time at risk. 

• Associations of facility serum phosphate with mortality and hospitalization rates in the subsequent 
calendar quarter were assessed using generalized linear mixed models. Models were adjusted for 
facility- and patient-level characteristics that were imbalanced across facility serum phosphate 
quartiles at baseline. 

Figure 3: Facility Serum Phosphate and Subsequent Quarter Hospitalization (Adjusted) a 
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Quartile 2 vs Quartile 1 
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Figure 2: Facility Serum Phosphate and Subsequent Quarter Mortality (Adjusted) a  

Facility Phosphate 
Quartile 2 vs Quartile 1 

Facility Phosphate 
Quartile 3 vs Quartile 1 

 

Facility Phosphate 
Quartile 4 vs Quartile 1 

 

2009-Q1 

2009-Q2 

2009-Q3 

2009-Q4 

2010-Q1 

2010-Q2 

2010-Q3 

2010-Q4 

Overall 

Increased risk  of death  
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0.9 1.0 1.1 1.2 
IRR (95% CI) 

0.9 1.0 1.1 1.2 
IRR (95% CI) 

0.9 1.0 1.1 1.2 
IRR (95% CI) 

Table 4: Hospitalization Rates 2009-2010 by Facility Serum Phosphate Quartiles 

Facility 
Serum 
Phosphate 
Quartiles a 

Adjusted Hospitalization Rate b 
Rate (95% CI), admissions/100 days at risk 

2009-Q1 2009-Q2 2009-Q3 2009-Q4 2010-Q1 2010-Q2 2010-Q3 2010-Q4 
Pooled Over 

Calendar 
Quarter 

1 0.493 
(0.388, 0.626) 

0.491 
(0.387, 0.624) 

0.490  
(0.386, 0.622)  

0.488  
(0.384, 0.620) 

0.487 
(0.383, 0.618) 

0.485  
(0.381, 0.616) 

0.483 
(0.381, 0.614) 

0.482 
(0.379, 0.612) 

0.487 
(0.384, 0.619) 

2 0.491  
(0.387, 0.624) 

0.492  
(0.387, 0.624) 

0.492  
(0.387, 0.625) 

0.492 
(0.388, 0.625) 

0.492 
(0.388, 0.625) 

0.493  
(0.388, 0.626) 

0.493  
(0.388, 0.626) 

0.493  
(0.388, 0.627) 

0.492 
(0.388, 0.625) 

3 0.499 
(0.393, 0.633) 

0.498  
(0.392, 0.632) 

0.496  
(0.391, 0.630) 

0.495 
(0.390, 0.629) 

0.494  
(0.389, 0.628) 

0.493 
(0.388, 0.626) 

0.492 
(0.387, 0.625) 

0.491 
(0.387, 0.624) 

0.495 
(0.390, 0.628) 

4 0.503  
(0.396, 0.639) 

0.503 
(0.396, 0.639) 

0.503 
(0.396, 0.639) 

0.504  
(0.397, 0.640) 

0.504  
(0.397, 0.640) 

0.504  
(0.397, 0.640) 

0.505 
(0.397, 0.641) 

0.505  
(0.397, 0.641) 

0.504 
(0.397, 0.640) 

a  Facility phosphate in prior quarter.  
b  Adjusted for  patient factors (age, sex, race, Medicare, vintage, baseline Charlson Comorbidity Index score, etiology of ESRD, access type, quarter, prior phosphate level), and facility factors (size, and 
prior facility URR quartiles). 
Abbreviations:  CI, confidence interval; ESRD, end-stage renal disease; URR, urea reduction ratio. 

Table 3: Mortality Rates 2009-2010 by Facility Serum Phosphate Quartiles 

Facility 
Serum 
Phosphate 
Quartiles a 

Adjusted Mortality Rate b 

Rate (95% CI), deaths/100 days at risk 

2009-Q1 2009-Q2 2009-Q3 2009-Q4 2010-Q1 2010-Q2 2010-Q3 2010-Q4 
Pooled Over 

Calendar 
Quarter 

1 0.033 
(0.020, 0.054) 

0.033  
(0.020, 0.053) 

0.032  
(0.020, 0.053) 

0.032 
(0.020, 0.053) 

0.033 
(0.020, 0.053) 

0.033  
(0.021, 0.054) 

0.034  
(0.021, 0.055) 

0.035  
(0.022, 0.057) 

0.033 
(0.020, 0.054) 

2 0.034  
(0.021, 0.056) 

0.034  
(0.021, 0.055) 

0.033 
(0.020, 0.054) 

0.033 
(0.020, 0.054) 

0.033 
(0.020, 0.054) 

0.034 
(0.021, 0.055) 

0.034  
(0.021, 0.056) 

0.035  
(0.022, 0.057) 

0.034 
(0.021, 0.055) 

3 0.035 
(0.021, 0.056) 

0.034 
(0.021, 0.055) 

0.034 
(0.021, 0.055) 

0.033 
(0.021, 0.054) 

0.034 
(0.021, 0.054) 

0.034  
(0.021, 0.055) 

0.034  
(0.021, 0.056) 

0.035 
(0.022, 0.057) 

0.034 
(0.021, 0.055) 

4 0.036 
(0.022, 0.059) 

0.036 
(0.022, 0.058) 

0.035 
(0.022, 0.058) 

0.035 
(0.022, 0.058) 

0.036 
(0.022, 0.058) 

0.036 
(0.022, 0.059) 

0.037 
(0.023, 0.060) 

0.038 
(0.023, 0.062) 

0.036 
(0.022, 0.059) 

a  Facility phosphate in prior quarter.  
b  Adjusted for  patient factors (age, sex, race, Medicare, vintage, baseline Charlson Comorbidity Index score, etiology of ESRD, access type, quarter, prior phosphate level), and facility factors (size, and 
prior facility URR quartiles). 
Abbreviations:  CI, confidence interval; ESRD, end-stage renal disease; URR, urea reduction ratio. 

Figure 1: Study Timeline and Baseline Definitions 

Facility 
Baseline 

Patient  
Baseline 

Late Entry 

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

2008 2009 2010 

Patient 1 

Patient 2 

Patient 3 

Patient 4 

a Adjusted for patient factors (age, sex, race, Medicare, vintage, baseline Charlson Comorbidity Index score, etiology of ESRD, access type, quarter, prior phosphate level), and facility factors (size, and 
prior facility URR quartiles).  
Abbreviations: CI, confidence interval; ESRD, end-stage renal disease;  IRR, incidence rate ratio; URR, urea reduction ratio. 

a Adjusted for patient factors (age, sex, race, Medicare, vintage, baseline Charlson Comorbidity Index score, etiology of ESRD, access type, quarter, prior phosphate level), and facility factors (size, and 
prior facility URR quartiles).  
Abbreviations: CI, confidence interval; ESRD, end-stage renal disease;  IRR, incidence rate ratio; URR, urea reduction ratio.  
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