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Abstract: The purpose of this study was to conduct a retrospective analysis of serum phosphate 

level variability in patients new to hemodialysis (HD) and to identify patient characteristics 

associated with this variability. The medical records of 47,742 incident HD patients attending 

US outpatient dialysis centers between January 1, 2006 and March 31, 2009 were analyzed. 

Monthly mean serum phosphate levels determined over a 6-month evaluation period (months 4–9 

after HD initiation) were assigned to one of three strata: low (,1.13 mmol/L [,3.5 mg/dL]); 

target (1.13–1.78 mmol/L [3.5–5.5 mg/dL]); or high (.1.78 mmol/L [.5.5 mg/dL]). Patients 

were classified into one of six serum phosphate variability groups based on variability among 

monthly mean phosphate levels over the 6-month evaluation period: consistently target; consis-

tently high; high-to-target; high-to-low; target-to-low; or consistently low. Only 15% of patients 

(consistently target group) maintained monthly mean serum phosphate levels within the target 

range throughout the 6-month evaluation period. Age, Charlson comorbidity index, serum 

phosphate, and intact parathyroid hormone levels prior to HD initiation were strongly associated 

(P,0.001) with serum phosphate levels after HD initiation. Overall patient-reported phosphate 

binder usage increased from 35% at baseline to 52% at end of study. The low proportion of 

patients achieving target phosphate levels and low rates of phosphate binder usage observed 

during the study suggest that alternative strategies could be developed to control serum phos-

phate levels. Possible strategies that might be incorporated to help improve the management of 

hyperphosphatemia in incident HD patients include dietary modification, dialysis optimization, 

and earlier and sustained use of phosphate binders.
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Introduction
High serum phosphate levels are associated with increased mortality in patients with 

chronic kidney disease (CKD).1,2 In addition, hyperphosphatemia increases the risk 

of vascular calcification and heart disease,3 and contributes to the disruption of bone 

metabolism associated with renal osteodystrophy.3 In response to epidemiological 

data, National Kidney Foundation Disease Outcomes and Quality Initiative (K/DOQI) 

guidelines state that, for patients with CKD who are being treated with dialysis, serum 

phosphate levels should be maintained within a target range of 1.13–1.78 mmol/L 

(3.5–5.5 mg/dL).4 This is supported by the Kidney Disease: Improving Global 

 Outcomes (KDIGO) guidelines, which recommend lowering phosphate levels toward 

the normal range (0.8–1.4 mmol/L [2.5–4.5 mg/dL]).5

Serum phosphate levels in patients with CKD are managed by a combination of 

dietary modification, dialysis, and the use of phosphate binders.4 Dietary modification 
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aims to limit the absorption of both organic and inorganic 

phosphate by restricting the consumption of animal proteins 

and processed foods rich in phosphate-containing preserva-

tives and additives.5 Noori et al6 have recommended a dietary 

phosphate:protein ratio of less than 10 mg/g/day for patients 

with CKD. However, in patients receiving hemodialysis 

(HD), long-term dietary phosphate restriction may induce 

protein energy malnutrition,7–10 which is strongly associated 

with increased mortality.11–14 Therefore, in addition to dietary 

phosphate restriction, the K/DOQI guidelines recommend 

that phosphate binders be used to help achieve target phos-

phate levels.4 The main phosphate-binding agents currently 

in use for patients receiving dialysis are the calcium-based 

compounds calcium carbonate and calcium acetate, and the 

calcium-free phosphate binders sevelamer hydrochloride/

carbonate and lanthanum carbonate.15

Despite measures taken to control phosphate levels in 

patients receiving dialysis, individual patients still have large 

circadian and interdialytic fluctuations in serum phosphate 

levels.16–18 Previous studies have assessed the association 

between serum phosphate levels and mortality in patients 

incident to HD.17,19–21 To date, however, no large-scale study 

has been published that assesses the variability of phosphate 

control on a granular monthly basis or identifies factors asso-

ciated with this variability in patients new to HD. This retro-

spective analysis of incident HD patients was conducted in 

order to evaluate the degree of variability in serum phosphate 

levels over the 6 months of the evaluation period (months 4–9 

after initiation of HD), and to assess whether baseline patient 

characteristics at HD initiation are associated with phosphate 

levels following the initiation of HD.

Materials and methods
A retrospective analysis was performed using the medical 

records of adult patients (age $18 years) who received 

their first HD treatment, according to dialysis center data, 

between January 1, 2006 and March 31, 2009. National data 

on all dialysis patients treated by a large US dialysis provider 

were obtained via a licensing agreement. To be included 

in the study, a patient’s first dialysis date was required to be 

no more than 30 days prior to the date of the first dialysis 

session with this provider (to allow for initiation of dialysis 

elsewhere). In addition, only patients whose dialysis sessions 

were recorded during the first 9 months of HD with an inter-

ruption of no more than 30 days between sessions and who 

had at least 4 monthly mean serum phosphate levels avail-

able during months 4 to 9 since starting HD were eligible 

for inclusion.

Quality control procedures to eliminate data entry errors/

outlier values were implemented. Acceptable ranges were 

serum phosphate 0.03–6.5 mmol/L (0.1–20 mg/dL); intact 

parathyroid hormone (PTH) 0–2,000 pg/mL; equilibrated 

fractional clearance of body water of urea (eKt/V) 0–3; 

predialysis weight 30–200 kg. Erroneous or out-of-range 

values were set to missing. The date of HD initiation was 

considered the index date. Dialysis sessions were conducted 

in morning, afternoon, and evening shifts; dialysis patients 

are typically seen during the same shift from visit to visit. 

Monthly serum phosphate levels were obtained per dialysis 

provider protocol (predialysis, mid-week, nonfasting) and 

were collected approximately at the same time of day for 

each patient.

Preindex (baseline) data were available as part of the 

provider’s database for patient demographics (sex, race, and 

age) and comorbidities (myocardial infarction, congestive 

heart failure, peripheral vascular disease, cerebrovascular 

disease, chronic obstructive pulmonary disease, diabetes 

mellitus with and without complications, cancer, acquired 

immune deficiency syndrome, liver disease), and Charlson 

comorbidity index as well as the primary cause of CKD 

(urological disease, tubulointerstitial disease, cystic kidney 

disease, diabetes mellitus, hypertension, glomerulonephritis, 

or other). Baseline medications and laboratory test results 

were those recorded within 30 days prior to the index date, 

with the exception of serum phosphate and intact PTH: 

baseline was defined as the values closest to the index date 

in the period from 1 month pre- to 2 weeks postindex date; 

albumin: baseline was defined as the values closest to the 

index date in the period from 1 month pre- to 3 weeks postin-

dex date; eKt/V: baseline was defined as the average over the 

first 90 days of HD; dry weight: baseline was defined as the 

average over the last week of the 90-day period following the 

index date; body surface area and body mass index (BMI): 

baseline values were calculated based on baseline dry weight, 

height, and weight; phosphate binder and vitamin D usage: 

baseline was defined over the first 90 days following the index 

date. The percentages of subjects using phosphate binders 

and vitamin D supplements were calculated.

Monthly mean serum phosphate levels were calculated for 

6 months, from day 91 (start of month 4) to day 270 (end of 

month 9) of dialysis. Phosphate levels were not analyzed for 

the first 90 days after HD initiation due to large fluctuations 

expected during this period while patients become stabilized 

on HD.22 Monthly mean phosphate levels were assigned to 

one of three ranges: low (,1.13 mmol/L [,3.5 mg/dL]); 

target (1.13–1.78 mmol/L [3.5–5.5 mg/dL]); or high 
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Figure 1 Classification of hemodialysis patients into phosphate variability groups.
Note: Classification was based on the magnitude and variation of monthly mean serum phosphate levels determined over 6 months (months 4–9) following the initiation 
of hemodialysis.
Abbreviations: ch, consistently high; cl, consistently low; cT, consistently target; hl, high-to-low; hT, high-to-target; Tl, target-to-low.

(.1.78 mmol/L [.5.5 mg/dL]). Based on the range and 

variability of their serum phosphate levels, patients were clas-

sified into one of six phosphate variability groups  (Figure 1). 

The consistently target (cT), consistently high (cH), and con-

sistently low (cL) groups comprised patients whose monthly 

mean phosphate levels were all in the target, high or low 

range, respectively. The high-to-target (HT) group described 

patients with at least one high reading and one target reading 

with no readings in the low range. Patients in the high-to-low 

(HL) group had at least one phosphate reading in each of the 

high and low ranges. The target-to-low (TL) group contained 

patients with at least one monthly mean phosphate reading 

in the target range and at least one in the low range, with no 

readings in the high range. Baseline patient and treatment 

characteristics and trends over time (using bimonthly aver-

ages over the evaluation period for months 4–5, 6–7, and 

8–9 postindex date) in serum phosphate, phosphate binder 

usage, BMI, albumin, and eKt/V are presented by phosphate 

variability groups.

Unless otherwise stated, values are expressed as mean ± 

standard deviation. Overall differences between phosphate 

variability groups were assessed using analysis of variance 

for continuous variables and a chi-squared test for categorical 

variables. Pairwise comparisons between the cT group and 

the other five phosphate variability groups were tested using 

two-sample Student’s t-tests for continuous variables and 

chi-square tests with one degree of freedom for categorical 

variables. To adjust for multiple comparisons, the Bonferroni 

correction was applied with a significance level of a=0.01. 

Analyses were performed using SAS® software version 9.1.3 

(SAS Institute Inc., Cary, NC, USA).

Results
Patient distribution by phosphate 
variability group
A total of 87,835 patients started HD at outpatient dialysis 

centers between January 1, 2006 and March 31, 2009, of 

whom 47,742 met the inclusion criteria for the study. The 

main reasons for exclusion were patients receiving HD for 

fewer than 270 continuous days due to death (n=14,030) and 

dialysis interruption lasting longer than 30 days (n=25,064). 

Table 1 shows that only 15% (n=7,301) of eligible patients 

consistently maintained serum phosphate levels within the 

target range (cT group). The largest individual group was 

the HT group, comprising 51% (n=24,469) of patients; the 

smallest group was the cL group, with just 0.3% (n=131) 

of patients.

Baseline characteristics of the phosphate 
variability groups
Baseline patient and treatment characteristics by phosphate 

variability group are shown in Tables 1 and 2. The cT 

group had a mean age of 66.6±13.7 years, a mean serum 

phosphate level of 1.5±0.3 mmol/L (4.7±0.9 mg/dL), and a 

mean  Charlson comorbidity index of 5.6±2.1 (Figure 2A–C). 
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Table 1 Baseline demographic and clinical characteristics

Phosphate variability group

cT cH HT HL TL cL

Patients, n (%) 7,301 (15.3) 5,001 (10.5) 24,469 (51.3) 4,371 (9.2) 6,469 (13.6) 131 (0.3)
age, years, mean (sD) 66.6 (13.7) 52.5 (14.7)*** 60.6 (14.7)*** 63.7 (14.8)* 68.2 (13.9)*** 72.1 (13.0)***
age: ,65 years, n (%) 2,936 (40.2) 3,941 (78.8)*** 14,312 (58.5)*** 2,111 (48.3)*** 2,310 (35.7)*** 30 (22.9)***
Race: caucasian, n (%) 3,553 (48.7) 2,076 (41.5)*** 10,599 (43.4)*** 1,818 (41.6)*** 2,930 (45.4)*** 58 (44.3)
sex: male, n (%) 4,023 (55.1) 3,109 (62.2)*** 13,662 (55.8) 2,339 (53.5) 3,714 (57.4)* 82 (62.6)
Dry weight, kg, mean (sD) 81.1 (21.1) 87.6 (24.8) 83.1 (22.8) 76.8 (19.9) 77.6 (20.7) 79.2 (21.5)***
Bsa, m2, mean (sD) 1.9 (0.3) 2.0 (0.3) 1.9 (0.3) 1.8 (0.3) 1.9 (0.3) 1.9 (0.3)***
BMI, kg/m2, mean (sD) 29.2 (6.0) 30.0 (6.3)*** 29.4 (6.1) 28.1 (5.9)*** 28.1 (5.8)*** 28.6 (6.3)
serum phosphate, mmol/l,  
mean (sD)

1.5 (0.3) 2.3 (0.5)*** 1.8 (0.4)*** 1.7 (0.5)*** 1.4 (0.3)*** 1.0 (0.3)***

serum intact PTh, pg/ml,  
mean (sD)

428.7 (344.9) 665.1 (440.6) 541.6 (399.6)*** 494.5 (376.6) 410.4 (340.5)** 373.9 (302.3)***

serum intact PTh status, n (%)
  #600 pg/ml

 
5,063 (77.2)

 
2,314 (53.9)***

 
14,230 (66.0)***

 
2,646 (69.9)***

 
4,596 (79.3)*

 
104 (86.0)

  .600 pg/ml 1,495 (22.8) 1,980 (46.1) 7,345 (34.0) 1,140 (30.1) 1,199 (20.7) 17 (14.0)
albumin, g/dl, mean (sD) 3.63 (0.41) 3.54 (0.48)*** 3.56 (0.45)*** 3.51 (0.46)*** 3.58 (0.43)*** 3.48 (0.56)***
eKt/V, mean (sD) 1.23 (0.23) 1.17 (0.23)*** 1.21 (0.23)*** 1.23 (0.22) 1.24 (0.23) 1.20 (0.23)

Notes: *P,0.01; **P,0.001; ***P,0.0001 compared with the cT group using two-sample student’s t-tests for continuous variables and chi-squared test with one df for 
categorical variables. Overall differences between groups were significant (P,0.05) for all characteristics using the analysis of variance (aNOVa) F-test and chi-squared test 
for continuous and categorical variables, respectively. eKt/V values were missing for 19.8% of the patients.
Abbreviations: BMI, body mass index (based on dry weight); Bsa, body surface area (based on dry weight); ch, consistently high; cl, consistently low; cT, consistently target; 
df, degree of freedom; eKt/V, equilibrated fractional clearance of body water of urea; hl, high-to-low; hT, high-to-target; PTh, parathyroid hormone; sD, standard deviation; 
Tl, target-to-low.

Table 2 Baseline disease and medication characteristics

Phosphate variability group

cT cH HT HL TL cL

Patients, n (%) 7,301 (15.3) 5,001 (10.5) 24,469 (51.3) 4,371 (9.2) 6,469 (13.6) 131 (0.3)
comorbidity, n (%)
 MI 714 (9.8) 340 (6.8)*** 2,086 (8.5)* 382 (8.7) 644 (10.0) 13 (9.9)
 chF 756 (10.4) 457 (9.1) 2,571 (10.5) 501 (11.5) 745 (11.5) 16 (12.2)
 PVD 508 (7.0) 261 (5.2)*** 1,575 (6.4) 288 (6.6) 439 (6.8) 11 (8.4)
 cVD 117 (1.6) 60 (1.2) 332 (1.4) 80 (1.8) 145 (2.2)* 2 (1.5)
 cOPD 192 (2.6) 100 (2.0) 596 (2.4) 130 (3.0) 189 (2.9) 6 (4.6)
 Diabetes mellitus 3,491 (47.8) 2,270 (45.4)* 11,884 (48.6) 2,084 (47.7) 2,920 (45.1)* 55 (42.0)
 Diabetes mellitus with complications 2,254 (30.9) 1,544 (30.9) 7,735 (31.6) 1,287 (29.4) 1,898 (29.3) 50 (38.2)
 cancer 40 (0.6) 14 (0.3) 117 (0.5) 31 (0.7) 37 (0.6) 2 (1.5)
 aIDs 11 (0.2) 24 (0.5)** 66 (0.3) 22 (0.5)** 18 (0.3) 0 (0.0)
charlson comorbidity index, mean (sD) 5.6 (2.1) 4.3 (2.0)*** 5.1 (2.1)*** 5.3 (2.2)** 5.7 (2.1)*** 6.3 (2.1)***
Number of concomitant medications, mean (sD) 0.1 (0.4) 0.2 (0.4) 0.1 (0.4) 0.1 (0.3) 0.1 (0.3) 0.1 (0.3)*
Prior transplant, n (%) 61 (0.8) 124 (2.5)*** 416 (1.7)*** 84 (1.9)*** 50 (0.8) 1 (0.8)
Primary cause of cKD, n (%)
 Urological disease 309 (4.2) 222 (4.4) 894 (3.7) 177 (4.1) 315 (4.9) 10 (7.6)
 Tubulointerstitial disease 143 (2.0) 102 (2.0) 462 (1.9) 97 (2.2) 169 (2.6) 4 (3.1)
 cystic kidney disease 138 (1.9) 132 (2.6)* 526 (2.2) 59 (1.4) 85 (1.3)* 0 (0.0)
 Diabetes mellitus 3,578 (49.0) 2,317 (46.3)* 12,217 (49.9) 1,974 (45.2)*** 2,800 (43.3)*** 54 (41.2)
 hypertension 2,243 (30.7) 1,446 (28.9) 7,001 (28.6)** 1,369 (31.3) 2,222 (34.3)*** 40 (30.5)
 glomerulonephritis 311 (4.3) 342 (6.8)*** 1,225 (5.0)* 216 (4.9) 250 (3.9) 5 (3.8)
 Other known 296 (4.1) 215 (4.3) 1,050 (4.3) 253 (5.8)*** 315 (4.9) 7 (5.3)
 Missing/unknown 283 (3.9) 225 (4.5) 1,094 (4.5) 226 (5.2)* 313 (4.8)* 11 (8.4)
Patients using phosphate binders, n (%) 2,516 (34.5) 1,917 (38.3)*** 8,885 (36.3)** 1,399 (32.0)** 1,989 (30.7)*** 23 (17.6)***
Patients using vitamin D supplements, n (%) 649 (8.9) 647 (12.9)*** 2,633 (10.8)*** 379 (8.7) 496 (7.7) 8 (6.1)

Notes: *P,0.01; **P,0.001; ***P,0.0001 compared with the cT group using two-sample student’s t-tests for continuous variables and chi-squared test with one df for 
categorical variables. Overall differences between groups were significant (P,0.05) for all characteristics using the analysis of variance (aNOVa) F-test and chi-squared test 
for continuous and categorical variables, respectively.
Abbreviations: AIDS, acquired immune deficiency syndrome; cH, consistently high; CHF, congestive heart failure; CKD, chronic kidney disease; cL, consistently low; COPD, 
chronic obstructive pulmonary disease; cT, consistently target; cVD, cerebrovascular disease; hl, high-to-low; hT, high-to-target; MI, myocardial infarction; PVD, peripheral 
vascular disease; sD, standard deviation; Tl, target-to-low; df, degree of freedom.
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In comparison with the cT group, the cH, HT, and HL 

groups were significantly younger (cH, 52.5±14.7 years; 

HT, 60.6±14.7 years; HL, 63.7±14.8 years), had significantly 

higher baseline serum phosphate levels (cH, 2.3±0.5 mmol/L 

[7.2±1.5 mg/dL]; HT, 1.8±0.4 mmol/L [5.6±1.3 mg/dL]; HL, 

1.7±0.5 mmol/L [5.2±1.4 mg/dL]), and a significantly lower 

Charlson comorbidity index (cH, 4.3±2.0; HT, 5.1±2.1; HL, 

5.3±2.2). Conversely, the TL and cL groups were significantly 

older than the cT group (TL, 68.2±13.9 years; cL, 72.1±13.0 

years), had significantly lower baseline serum phosphate 

levels (TL,1.4±0.3 mmol/L [4.2±1.0 mg/dL]; cL, 1.0±0.3 

mmol/L [3.1±0.8 mg/dL]), and a significantly higher Charl-

son comorbidity index (TL, 5.7±2.1; cL, 6.3±2.1). The cH 

group had the lowest eKt/V level (1.17±0.23) as well as the 

highest BMI (30.0±6.3 kg/m2).

Mean intact PTH levels at baseline were higher for patients 

in the cH (665.1±440.6 pg/mL), HT (541.6±399.6 pg/mL), 

and HL (494.5±376.6 pg/mL) groups than for those in the 

cT group (428.7±344.9 pg/mL); the difference was signifi-

cant for the HT group (Figure 2D). Conversely, patients in 

the TL (410.4±340.5 pg/mL) and cL (373.9±302.3 pg/mL) 

groups had significantly lower baseline intact PTH levels  

than those in the cT group. The cH (54%), HT (66%), and HL 

(70%) groups had a smaller proportion of patients with PTH 

levels #600 pg/mL than the cT (77%) group (Figure 2E), 

whereas the TL (79%) and cL (86%) groups contained higher 

proportions of patients with intact PTH levels #600 pg/mL 

than the cT group. Baseline intact PTH levels were highly 

correlated with baseline phosphate levels (Pearson correlation 

coefficient, 0.97). Patients in the cT group had significantly 

higher mean baseline albumin levels (3.63±0.41 g/dL) com-

pared with all other groups (3.48–3.58 g/dL). The proportion 

of patient-reported phosphate binder usage at baseline was 

significantly higher in the cH (38%) and HT (36%) groups 

than in the cT group (35%). Conversely, phosphate binder 

usage was significantly lower in the HL (32%), TL (31%),  

and cL (18%) groups than in the cT group (Figure 2F).

Trends in characteristics of the phosphate 
variability groups over time
Trends in phosphate patient-reported binder usage, serum 

phosphate, albumin, BMI, and eKt/V over time are presented 

cT
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in Figure 3. Evaluating the study population as a whole, only 

35% of patients new to HD received phosphate binder treat-

ment at baseline (months 1–3). This increased to 52% at end 

of study (months 8–9), indicating that approximately half of 

the patients were not receiving a phosphate binder 9 months 

after the initiation of HD despite the majority of patients 

having inadequately controlled serum phosphate levels. 

Across the phosphate variability groups, the proportion of 

patients using a phosphate binder increased from baseline to 

end of study in all groups, except the cL group (Figure 3A). 

The proportion of patients on a binder in the cT group at 

end of study was 45%, representing a 10% increase from 

baseline. The largest increases from baseline to end of study 

in the proportion of patients using a phosphate binder and 

in the percentage of days on which a binder was used were 

observed in the cH, HT, and HL groups. Thus, these groups 

contained the highest proportions of patients using phosphate 

binders at end of study (cH, 59%; HT, 56%; HL, 51%). The 

lowest phosphate binder usage at end of study was seen in 

the cL group (16%).

In the overall study population, mean serum phosphate 

levels were stable, increasing by 2.5% during the study period: 

baseline, 1.67 mmol/L (5.17 mg/dL); end of study, 1.71 mmol/L 

(5.30 mg/dL). Within each phosphate variability group, 

monthly mean phosphate levels remained steady during the 

6-month evaluation period (Figure 3B). Ranges of bimonthly 

means were: cT, 1.45–1.46 mmol/L (4.50–4.51 mg/dL);  cH, 

2.40–2.42 mmol/L (7.43–7.49 mg/dL); HT, 1.81–1.83 mmol/L 

(5.61–5.65 mg/dL); HL, 1.51–1.60 mmol/L (4.67–4.96 mg/dL); 

TL, 1.24–1.25 mmol/L (3.84–3.88 mg/dL); and cL, 

0.90–0.92 mmol/L (2.77–2.84 mg/dL). Mean albumin 

levels increased over time in all groups from a baseline  
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Figure 3 Trends in characteristics of the phosphate variability groups over time.
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of 3.5–3.6 g/dL. The highest mean albumin levels at end of 

study were observed in the cH group (3.8 g/dL) (Figure 3C). 

Mean BMI levels were consistently highest in the cH group, 

and next highest in the HT group. The lowest BMI levels 

were seen for the TL and HL groups (ranges of bimonthly 

means: TL, 27.8–27.9 kg/m2; HL, 27.7–27.8 kg/m2), with a 

slight decreasing trend over time. Mean BMI levels in the cT 

group were consistent over time at approximately 29.0 kg/m2 

(Figure 3D). The adequacy of dialysis dose as measured by 

mean eKt/V improved by 0.1–0.2 (8.3%–16.7%) from base-

line to end of study across the phosphate variability groups. 

The lowest eKt/V levels at baseline were in the cH group 

(1.17) (Figure 3E).

Discussion
In this retrospective analysis, we examined the variability of 

phosphate control in 47,742 patients new to HD to determine 

if predialysis clinical characteristics are associated with 

serum phosphate levels after HD initiation. This is the first 

large-scale study to assess both phosphate levels and patient-

reported phosphate binder use throughout the 9 months 

following HD initiation. Only 15% of patients new to HD 

consistently maintained monthly mean serum phosphate 

levels within the K/DOQI target range. The finding that only 

a minority of patients were able to maintain phosphate con-

trol is in agreement with a previous study, which found that 

only 17% of patients remained within the target phosphate 

range for all four quarters of their second year on HD.17 The 

previous study also demonstrated lower mortality in patients 

who remained within the target phosphate range for the first 

year of HD when compared to those with serum phosphate 

levels outside the target range.17

Interestingly, patients in the three groups with mean 

baseline phosphate levels higher than those of the cT group 

(cH, HT, and HL groups) were significantly younger and 

had fewer comorbidities than those in the cT group, whereas 

patients in the low-phosphate groups (TL and cL groups) 

were older and had a greater number of comorbidities than 

those in the cT group. Our finding that older dialysis patients 

had lower serum phosphate levels than younger patients is 

consistent with previous studies.23–25 Older age is associ-

ated with higher levels of adherence to phosphate-binding 

medication,26 which may be indicative of a closely supervised 

health care regimen.27

An important additional factor associated with low 

phosphate levels in elderly patients receiving HD is a 

decreased appetite, leading to protein-energy malnutrition 

and cachexia.28 An observation within the current dataset 

that may support this idea is that patients in the older and 

hypophosphatemic cL group showed a reduction in BMI from 

baseline to end of study. Conversely, BMI was highest in the 

cH group, and next highest in the HT group. Albumin levels 

were also highest in the cH group by months 6–7. This may 

be indicative of adequate or even excess protein intake, but 

normalized protein catabolic rate data were not available to 

support this contention. We found that eKt/V was lowest in 

the cH group, and therefore these patients may have received 

suboptimal dialysis. At baseline, eKt/V was less than 1.2 in 

the cH group but increased with time following the initia-

tion of dialysis. Notwithstanding, eKt/V in the cH group 

remained lower than the eKt/V of the cT group throughout 

the duration of the study.

Baseline intact PTH levels were strongly associated 

with baseline serum phosphate levels. These findings are 

consistent with established clinical evidence that serum 

phosphate levels are correlated with PTH levels in patients 

with CKD.29,30 In the 2003 K/DOQI guidelines,4 the recom-

mended target range of serum intact PTH levels for patients 

with stage 5 CKD is 150–300 pg/mL. However, this is not 

supported by the available epidemiological evidence, which 

indicates that the inflection point above which PTH levels 

become significantly associated with increased all-cause 

mortality varies from 400 to 600 pg/mL.31 Thus, the current 

consensus is for a wider PTH target range, as reflected in the 

2009 KDIGO guidelines,5 which suggest a target range of 

130–600 pg/mL. The majority of patients new to HD in this 

study had mean intact PTH levels ,600 pg/mL.

In the overall study population, approximately half 

(52%) of the patients were using phosphate binders at end 

of study. This is in contrast to a binder-usage rate of 88% 

that was recently reported in the Dialysis Outcomes and 

Practice Patterns Study (DOPPS).32 The disparity in phos-

phate binder usage between the current study and DOPPS 

may be explained by noting that our data on binder usage 

were patient-reported and the patients in the current study 

were all new to HD, whereas in the DOPPS study, the mean 

duration of end-stage renal disease was 3.4 years, and that 

binder usage would be expected to increase over time. Indeed, 

following the initiation of HD in this study, phosphate binder 

usage increased in all groups except the cL group. The larg-

est increases in binder usage occurred in the cH, HT, and 

HL groups, containing patients with the highest phosphate 

levels. However, the proportion of patients using phosphate 

binders in these groups was still relatively low (51%–59%), 

which may explain why phosphate levels remained high in 

these groups.
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A limitation of the analysis is that data on type, dosage, 

and adherence to phosphate binder medication were not 

available. Our binder usage data are based on patient-reported 

information that may not be accurate or complete. Poor 

adherence to phosphate binders is known to be prevalent in 

patients with end-stage renal disease.26,27 Additionally, data 

presented are “real-world”, therefore phosphate binder titra-

tion protocols to specific targets were not rigidly enforced, 

as is the case in “treat-to-target” prospective clinical trials. 

As the only patients included were those who survived the 

first year of HD and had no interruption of dialysis in-clinic 

treatment for more than 90 days, results should not be gen-

eralized to a sicker patient population. In addition, the usual 

potential biases associated with retrospective data analysis 

apply to our results, including possible selection bias and 

variation in reporting standards and accuracy. However, 

given the large national sample used, we believe the results 

are representative of real-world practice.

The large proportion of incident HD patients with at least 

one high monthly mean serum phosphate level suggests that 

developing alternative strategies to control serum phosphate 

are needed. Such strategies may include the combination of 

dietary modification, adequate dialysis, and administration 

of phosphate binders to hyperphosphatemic patients upon 

initiation of HD to improve early phosphate control. With 

regard to binder usage in the early stage of HD, the use of 

phosphate binders during the first 90 days after initiation 

of HD has been shown to be associated with a reduction in 

mortality in HD patients.19 Further studies are required to 

evaluate the utility of early, aggressive administration of 

phosphate binders for the management of hyperphosphatemia 

in patients with end-stage renal disease requiring HD.

In this retrospective analysis of patients new to HD, only 

15% of patients maintained serum phosphate levels consis-

tently within the K/DOQI target range, indicating that phos-

phate control is difficult to achieve in this patient population. 

Despite the majority of patients having higher-than-target 

monthly mean levels of serum phosphate for at least 1 month 

during the study, rates of phosphate binder usage were lower 

than those reported in previous studies. It is conceivable that 

earlier and sustained administration of phosphate binders to 

incident HD patients with attention to patient nutritional status 

and dialysis adequacy could help improve the management 

of serum phosphate levels in these patients.
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