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Abstract

Background—Serum phosphorus is associated with cardiovascular disease (CVD) in the general
population but may not comprehensively reflect phosphorus homeostasis. Whether urine
phosphorus/creatinine ratio (UPi/UCr, a marker of intestinal absorption) or urine fractional
excretion of phosphorus (FePi, a marker of urinary phosphorus handling) is associated with risk of
mortality or CVD is uncertain.

Study Desigh—Prospective observational study.
Setting and Participants—1,325 community-dwelling men aged =65 years.

Predictors—Serum phosphorus, UPi/UCr, and FePi.
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Outcomes—All-cause and CVD death.

Results—Mean age was 74+6 years, eGFR was 75+16 ml/min/1.73m?2, and serum phosphorus
was 3.2+0.4 mg/dL. During 9.3 years median follow-up, there were 364 deaths (120 CVD deaths).
After adjustment for demographics, CVD risk factors, and kidney function, the risks of all-cause
death in the highest quartiles of serum phosphorus (=3.6 mg/dL), UPi/UCr, and FePi were 1.63
(95% Cl 1.23-2.17), 1.22 (95% CI 0.90-1.65), and 0.88 (95% CI 0.64-1.23), respectively. Results
were similar for CVD death. Results were also similar irrespective of eGFR above or below 60 ml/
min/1.73m2,

Limitations—Older, all male cohort. Few had advanced CKD. Specimens were collected in the
morning after an overnight fast.

Conclusions—In community-living older men, higher serum phosphorus is associated with all-
cause and CVD death. In contrast, UPi/UCr and FePi were not. These findings do not support
using UPi/UCr or FePi as adjuvant measures to predict risk of mortality or CVD in the general
population.
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INTRODUCTION

In vitro studies have demonstrated that higher extra-cellular phosphorus concentrations are
an integral trigger for the transformation of vascular smooth muscle cells into osteoblast-like
cells and for subsequent deposition of calcium in the vascular wall.! Elevated serum
phosphorus concentrations in end-stage renal disease (ESRD) patients confer higher risk for
coronary artery calcification and all-cause and cardiovascular disease (CVD) mortality.2=
Similar associations have been described among persons with normal or near-normal kidney
function, where higher phosphorus concentrations have been linked with arterial
calcification®7 and mortality.8: © The association between phosphorus concentrations and
CVD events in the general population is less certain, as some®-11 but not all studies®: 12 13
have reported such associations.

These findings have led to interest about whether lowering serum phosphorus may decrease
CVD event rates in the general population. In ESRD populations, oral phosphorus binders
(OPBs) are frequently used to lower serum phosphorus concentrations by diminishing
intestinal absorption. However, in prior studies in CKD patients, OPBs failed to
meaningfully lower serum phosphorus concentrations despite lowering 24-hour urinary
phosphorus excretion (an indicator of gastrointestinal phosphorus absorption) and the
fractional excretion of phosphorus (FePi, an indicator of renal phosphorus excretion relative
to the concurrent serum phosphorus concentrations).14-16 Some have suggested that
decreases in urine phosphorus or FePi may be useful surrogates for phosphorus-lowering
interventions even if serum phosphorus concentrations remain unchanged, as urine
phosphorus and FePi may nonetheless mark improved phosphorus homeostasis.1® 17 To be
useful as surrogates, these urine measures should themselves be associated with all-cause
and CVD mortality. To our knowledge, these associations have not been tested, and their
relative strengths of association with outcomes have not been compared to those of serum
phosphorus concentrations.

Our objective was to evaluate the relationships between urine phosphorus indexed to urine
creatinine (UPi/UCr, an indicator of intestinal phosphorus absorption1®: 18) and FePi with
all-cause and CVD mortality in community-living older men who participated in the
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Osteoporotic Fractures in Men Study (MrOS). We began by evaluating serum phosphorus
and subsequently compared the strengths of association of UPi/UCr and FePi. We
hypothesized that high UPi/UCr and high FePi would be associated with all-cause and CVD
death and that these associations would be stronger than those of serum phosphorus.

The Osteoporotic Fractures in Men Study (MrOS) is a prospective observational study
designed to determine risk factors for osteoporosis and fractures in men aged =65 years.
Between March 2000 and April 2002, 5,994 men were recruited from 6 clinical sites in the
US: Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; and
San Diego, CA. Study design and recruitment techniques have been described in detail
elsewhere.19: 20 |nstitutional review boards at each center approved the study protocol.

A random sample of 1,582 participants was chosen for additional serum and urine
measurements, including urine phosphorus. From these individuals, we excluded those with
missing baseline urine phosphorus measurements (n=7), serum phosphorus measurements
(n=94), and covariate data (n=102) and those without follow-up information after baseline
(n=54), resulting in a final analytic sample of 1,325 participants. Those excluded from the
analysis were older, less likely to be white, and had a higher serum phosphorus, whereas
UPi/UCr, FePi and eGFR were similar (Supplemental Table 1).

The Outcomes of Sleep Disorders in Older Men (MrOS Sleep) Study - an ancillary study of
outcomes related to sleep disorders - was initiated during the follow-up period (mean 3.4
years after baseline exam). A total of 3,135 men without known sleep apnea participated,
and 2,883 provided urine samples, which were assayed for urine phosphorus and creatinine.
Of these participants, 639 were part of our randomly selected sample at baseline, and we
compared the test-retest correlation of UPi/UCr over time in this subgroup.

Measurements

Serum and Urine Phosphorus—Serum and urine samples were collected after an
overnight fast. Phosphorus and creatinine concentrations were measured using a standard
clinical automated analyzer (www.roche.com). The lower limits of detection for serum and
urine phosphorus were 0.3 mg/dL and 3.4 mg/dL, and the interassay coefficients of variation
(CV) were <2.4% and <1.5%, respectively. Serum creatinine concentrations were measured
using a Roche COBAS Integra 800 analyzer (www.roche.com) using an enzymatic method
calibrated with materials assayed by isotope-dilution mass spectrometry (IDMS). Inter-
assay CV was 5.3%. eGFR was calculated using the CKD-EPI equation.2! Urine creatinine
measurements were made using the same clinical automated analyzer. The lower limit of
detection was 4.2 mg/dL and CV was 2.7%.

Urine phosphorus was divided by urine creatinine to calculate UPi/UCr in mg/mg. FePi (%)
was calculated as follows: [urine phosphorus (mg/dL) / serum phosphorus (mg/dL)] *
[serum creatinine (mg/dL) / urine creatinine (mg/dL)] *100.

All-Cause and Cardiovascular Mortality—~Participants were contacted by mail or
telephone every 4 months after the baseline visit through August 2009. When participants
could not be reached, their next-of-kin were contacted. A single central physician reviewed
date and cause of death using death certificates, medical records, and a pre-specified
adjudication protocol. Causes of death classified by ICD-9 codes 394.9, 396.9, 398.9, 401.1,
401.9 to 442.0, 443.9, 785.51, and 996.71 were classified as CVD deaths.

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.
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Other Measurements—Age and race were self-reported. At the baseline visit,
interviewers completed a medication inventory of prescribed medications taken in the last
30 days. All medications were stored in an electronic medications inventory database and
each medication was matched to its ingredient(s) based on the lowa Drug Information
Service (DIS) Drug Vocabulary (www.uiowa.edu/idis).22 Systolic blood pressure (SBP) was
measured twice in the right arm using a conventional mercury sphygmomanometer, and the
average was used in analysis. Height was measured twice using Harpenden Stadiometer
(www.holtain.com) and results were averaged. Weight was measured using either a balance
beam or digital scale. Body mass index (BMI) was calculated (kg/m?). Diabetes was defined
as fasting blood glucose =126 mg/dL, self-reported history of physician’s diagnosis, or use
of oral hypoglycemic medications or insulin. Smoking was classified as current, former, or
never. History of congestive heart failure, myocardial infarction, angina, or stroke defined
prevalent CVD.

Decreased eGFR was defined as eGFR <60 mL/min/1.73m2. Urine albumin was measured
on a standard clinical automated analyzer with a lower limit of detection of 0.3 mg/dL and
an inter-assay CV<3.6%. When urine albumin was below the detectable limit of 0.3 mg/dL,
a value of 0.29 mg/dL was assigned. A urine albumin/creatinine ratio (ACR) was calculated
(mg/g) and microalbuminuria was defined as urine ACR >30 mg/g.23

Statistical Analysis

RESULTS

Participant baseline characteristics were compared across quartiles of serum phosphorus,
UPI/UCr, and FePi. We used linear regression to evaluate p-value for trend across quartiles
for continuous variables and the Chi Square for categorical variables. Pearson correlations
evaluated correlations amongst serum phosphorus, UPi/UCr, FePi, and eGFR at the baseline
study visit. Among the subset of participants with urine phosphorus measurements at the
sleep study subset, we calculated the intra-class correlations.

Cox proportional hazards regression was used to evaluate the association between serum
phosphorus, UPi/UCr and FePi and all-cause and CVD mortality. To allow for comparisons,
each predictor variable was evaluated by quartiles. Sequential models were developed. The
initial model was adjusted for age and race. The second model additionally adjusted for
eGFR and microalbuminuria. The third model additionally adjusted for prevalent CVD and
traditional CVD risk factors (diabetes, SBP, antihypertensive medication use, smoking
status, BMI, total cholesterol, HDL cholesterol, and lipid medication use). Last, we tested
for effect modification in the associations of each predictor with each outcome by eGFR
status (€GFR <60 ml/min/1.73m? vs. higher) in the fully adjusted model. When statistically
significant interactions were detected, associations were evaluated within strata of eGFR.
Proportional hazards assumptions were assessed by visually inspecting log-minus-log plots
and plots of Schoenfeld residuals versus survival time for the association of each of the 3
predictor variables with both mortality and CVD-death. We found no evidence that the
proportionality assumptions were violated.

Analyses were conducted using Stata SE version 11.0 (wwuw.stata.com), and p values <0.05
were considered statistically significant for all analyses including interaction terms.

Among the 1,325 study participants, the mean age was 74+6 years and 91% were white. The
mean eGFR was 75+16 ml/min/1.73m? and 223 participants (17%) had eGFR <60 mL/min/
1.73m2. During a median of 9.3 (interquartile range [IQR] 8.7, 9.9) years of follow-up there
were 364 deaths. Of these, 120 were CVD deaths. The mean serum phosphorus
concentration was 3.2+0.4 mg/dL, UPi/UCr was 0.45+0.17 mg/mg, and FePi was 14+6%.

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.
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Baseline characteristics of the study participants by quartiles of serum phosphorus, UPi/UCr,
and FePi are shown in Table 1. Compared to the lowest serum phosphorus quartile, those
with higher concentrations had lower eGFR, greater prevalence of CVD and diabetes, and
were more likely to be taking blood pressure medications. They also had higher BMI and
serum HDL cholesterol and were more likely to be taking lipid medications. Participants
with higher UPi/UCr were older and had higher urine ACR, greater prevalence of CVD and
diabetes, greater tobacco use, and higher BMI. Participants with higher FePi were older and
had lower eGFR, higher urine ACR, greater prevalence of CVD and diabetes, higher SBP,
more frequently took blood pressure medication, and had higher BMI, lower total
cholesterol, and lower serum HDL cholesterol.

Table 2 shows the correlations of the three markers of phosphorus homeostasis with one
another and with eGFR. The strongest correlation was between UPi/UCr and FePi (r=0.75).
FePi was the marker most strongly and inversely correlated with eGFR. Among the subset
of 639 participants who provided repeat UPi/UCr measurements a mean 3.4 (IQR 3.0-3.7)
years later, the intra-class correlation (ICC=0.28). Serum phosphorus was not available at
the follow-up visit, thus the test-retest correlation of serum phosphorus and FePi is
unknown.

Table 3 presents hazard ratios for all-cause mortality by quartiles of each marker of
phosphorus homeostasis. Compared to the lowest serum phosphorus quartile, individuals in
serum phosphorus quartiles 2 and 3 had similar risk for all-cause mortality, while those in
the highest quartile had 72% greater risk of death in an age- and race-adjusted model. After
adjustment for eGFR, microalbuminuria, prevalent CVD, and traditional CVD risk factors,
this association was essentially unaltered. Figure 1 depicts the nature of the relationship
between phosphorus and all-cause death across quartiles, with the highest quartile broken
into three groups (serum phosphorus 3.6-3.7, 3.8-3.9, and = 4.0 mg/dL) to explore the nature
of the relationship of phosphorus with death in greater detail. While all-cause mortality rates
were somewhat higher in those with serum phosphorus between 3.6 to 3.9 mg/dL (4-5%),
the rate was particularly high for those with serum phosphorus = 4.0 mg/dL (6%).

The association of UPi/UCr with death was modest compared to that of serum phosphorus
(Table 3). Adjustment for eGFR and urine ACR had little influence on the association;
however, when the association was additionally adjusted for traditional CVD risk factors
and prevalent CVD, it was rendered not significant. Results were similar when we evaluated
urine phosphorus concentrations without indexing to creatinine (data not shown). Results
were also similar when evaluating FePi. In age and race adjusted models, the highest
quartile of FePi was associated with a 28% higher risk of mortality; however, this
association was attenuated after adjustment for kidney function and was further attenuated
with adjustment for CVD risk factors and prevalent CVD.

While the associations of serum phosphorus and UPi/UCr with all-cause death were similar
among persons with or without decreased GFR (interaction p values 0.8 and 0.6,
respectively), the association of FePi with all-cause mortality differed by eGFR status (p-
interaction=0.05). In persons with eGFR <60ml/min/1.73m2, each SD greater FePi was
associated with a 19% (95% C1 0.99-1.43, p=0.07) higher risk of all-cause mortality in the
final model whereas no association was observed in those with higher eGFR (HR 1.02; 95%
Cl 0.88-1.18, p=0.8). However, given the strong inverse correlation between FePi and
eGFR, we hypothesized that the association within the decreased eGFR subset might reflect
differing severity of CKD. Indeed, after adjustment for eGFR within the decreased eGFR
strata, the association of FePi (per SD higher) with all-cause mortality was attenuated from
19% to 1% (p=0.9).

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.
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Figure 2 shows the annual CVVD death rates across categories of serum phosphorus. Again
there was a slight increase in risk for CVD death across higher phosphorus categories, but
the association was most dramatic in the 24.0 mg/dL group. In the fully adjusted model the
highest quartile of serum phosphorus was associated with a 56% higher risk of CVD death
compared to the lowest quartile (Table 4). In contrast, the associations of UPi/UCr and FePi
quartiles with CVD death were modest, and neither was associated with CVD death in the
fully adjusted model. We again observed that the association of FePi with CVD mortality
differed by eGFR status (p-interaction=0.02); however, after adjustment for eGFR within the
strata with decreased eGFR, this association was attenuated and no longer statistically
significant (p=0.2).

DISCUSSION

We hypothesized that UPi/UCr might more accurately mark total phosphorus intake and
systemic exposure compared to the fasting morning serum phosphorus concentration. We
also hypothesized that greater renal excretion of phosphorus (marked by high FePi) might be
associated with CVD. If associated with outcomes, these measures might serve as useful
surrogate markers for interventions aimed at improving phosphorus balance to decrease
CVD, even if they do not change serum phosphorus concentrations. However, we found that
neither of these markers was associated with all-cause or CVD mortality in this population
of community-living older men. These findings confirm the importance of serum
phosphorus as a prognostic marker and as a potential target for therapies aimed at improving
phosphorus balance to decrease CVVD death. However, our findings do not support a strategy
aimed at single urinary measurements of phosphorus homeostasis for the same purpose.

In contrast to FePi and UPi/UCr, we observed a relatively strong association between serum
phosphorus concentrations and all-cause and CVD mortality. This association remained
unaltered after adjustment for demographics, traditional CVD risk factors, prevalent CVD,
and kidney function and was also evident in the subgroup of individuals with eGFR =60ml/
min/1.73m?2. Prior studies evaluating this association in the general population have yielded
conflicting results. Two studies reported associations between serum phosphorus and CVD
mortality,10: 11 while four others did not.%: 12: 13. 24 The reasons for these disparate findings
are uncertain, but gender distribution in the study samples is one possible explanation. In the
Atherosclerosis Risk in Communities study (mean age 54), higher phosphorus was
associated with mortality in men but not women.1 In another study, an association between
serum phosphorus and left ventricular mass was observed in men but not women.2> A third
study in an all-female cohort found no association of serum phosphorus with CVD
mortality.13 Estrogen has phosphaturic properties,2® leading women to have higher serum
phosphorus concentrations after menopause.2” Thus, serum phosphorus concentrations in
women may partially reflect menopausal status and estrogen concentrations, which may
confound the relationship of phosphorus with CVD in women. Future studies among
community-living cohorts of both sexes are required to determine if the associations
observed here extend to women.

In patients with ESRD, OPBs decrease serum phosphorus levels. Studies in patients with
CKD have shown that OPBs have little or no effect on serum phosphorus
concentrations.14-16. 18 \We have shown that once daily niacin lowers serum phosphorus
concentrations by approximately 1 standard deviation (~0.4 mg/dL) in patients with CKD,28
and similar findings have been reported in patients with normal kidney function.2 It
remains unclear whether niacin improves CVD risk in the general population3%: 31 and
whether lowering of serum phosphorus is part of the mechanism.

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.
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To our knowledge, only one prior study has evaluated the association of FePi with all-cause
mortality.32 The authors evaluated a large cohort of patients with moderate to severe CKD
and observed no association with all-cause mortality in fully adjusted models. While we
observed that high FePi was associated with all-cause and CVD mortality in the subset of
patients with eGFR <60ml/min/1.73m?, this association was attenuated when adjusted for
the level of eGFR. Because eGFR and FePi are strongly inversely correlated, we believe that
the association observed in this subgroup was confounded by the severity of CKD within
this subgroup; those who had the highest FePi also had the lowest eGFR and the highest
death risk. Thus, high FePi appears to be marking CKD severity, and we do not believe it is
independently associated with all-cause or CVD death.

To our knowledge, this is the first study to evaluate the associations of UPi/UCr with all-
cause or CVD mortality in any setting. The UPi/UCr indicates the amount of phosphorus
that is systemically absorbed from the intestinal tract and excreted into the urine when
patients are in steady state. Therefore, investigating this marker provides novel insights into
the relationship between dietary phosphorus absorption and CVD and all-cause death.
Others have suggested that greater dietary phosphorus intake may be one factor leading to
higher serum phosphorus concentrations and adverse health outcomes.32 We did not observe
a statistically significant association between UPi/UCr and either all-cause or CVD death in
fully adjusted models. It is possible that the UPi/UCr measured on spot specimens does not
accurately reflect dietary phosphorus consumption over longer time periods.34 3° In a subset
of the cohort that had UPi/UCr measured twice, we found that the intra-class correlation was
modest (r=0.28). Additionally, prior studies suggest that differences in urine phosphorus are
more pronounced later in the day.34 3 If so, this may have biased our association of UPi/
UCr with outcomes towards the null. Future studies with larger sample sizes and repeated
measurements of UPi/UCr are required to confirm or refute our findings.

Strengths of this study include its evaluation of a well-characterized cohort of community-
dwelling individuals with a range of kidney function from normal to moderately decreased
eGFR. Few large studies have measured urine phosphorus concentrations, providing us the
unique opportunity to examine these associations. The study also has important limitations.
As addressed above, serum and urine samples were taken in the morning after an overnight
fast. The correlation of spot UPi/UCr and FePi with 24 hour measures is uncertain. Whether
repeated measurements over time or use of 24-hour urine measurements may lead to
different results is unknown. Participants were all male, older, predominantly white, and few
had significantly decreased eGFR. With the exception of UPi/UCr, measurements were
made at a single time-point. UPi/UCr was measured repeatedly in a subset, but the subset
was chosen based on absence of sleep apnea.

In conclusion, higher fasting morning serum phosphorus was more strongly associated with
all-cause and CVD death than fasting morning UPi/UCr or FePi in community-living older
men. If confirmed, studies aiming to improve phosphorus balance to improve CVD events
should focus on lowering serum phosphorus rather than UPi/UCr or FePi. While the urinary
measures may provide useful information about therapies altering intestinal absorption or
urine phosphorus handling, their associations with CVD and death appear weaker or absent.
Additional studies are necessary to investigate the most effective therapies to reduce serum
phosphorus in the general population and to determine whether such changes translate into
meaningful improvements in length and quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Annual all-cause mortality rates by serum phosphorus concentration. Error bars represent

95% convifidence intervals. P value for departure from linearity <0.001.
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Figure 2.
Annual cardiovascular mortality rates by serum phosphorus concentration. Error bars
represent 95% convifidence intervals. P value for departure from =0.003).

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.




Page 13

Dominguez et al.

ApmS SQUN 8y ‘snioydsoyd JO UONaIOXT [euoIdRI4 puR ‘auluesid/snioydsoyd autin ‘snioydsoyd wnias 1o sajiuend) Aq sonsuialorieyd auljaseg

NIH-PA Author Manuscript

100'0> (¥2) 08 (ST) 67 (t1) g (1) L8 (%) u sareqel
€00 (ve) ett (s2) v8 (L2) 88 (52) €8 (%) u AAD WudfeASId
1000>  (921-L9vSs (€57-0€)§S (®2Tv2) sy (L01-92) 8% (6/6w) x4V BuLN
€0 9T¥6, 9TFEL ST¥9. YT FSL as F (WeL TuIwy/jw) 34499
10 (T6) 00€ (e6) OTE (06) L62 (88) €62 (%) u 99y BUUM
€0°0 9F L 9F ¥L 9F €L 9F €L as ¥ (steak) aby
G§'0% ¥S'0-€v'0 Zr0-€€0 €e'0> (Bu/Bu) abuey
0€g z€e T€E 4% a[14enb ur JsquinN
auluIres 1D N Joydsoyd aulin

€00 (9¢) €6 (82) v8 (62) 2ot (92) 801 (%) u 8sn uoneaIPaIl pIdIT
€00 LT F05§ ST ¥05 YTF IS ETF8Y as ¥ (p/Buw) jossisa10yD TAH
60 v€ ¥ 26T €€ ¥ G6T vE ¥ G6T 2EF 26T as ¥ (Ip/Buw) |osisdjoyD [e1oL
5000 ZYF6LT 6EF9LC SEFELL SEFTLL as ¥ (zw/Bx) xapur ssew Apog

(€)8 (9) st W et (e)er s

(9) v91 (65) 08T (8s) zoz (29) 8eT Jawiod

(ee) €8 (9¢) 60T (6€) 9T (ov) s9t1 JansN
0 (%) u 8sn 029eqo |
€000 (99) vv1 (6%) 61 (¥) v9t1 (ev) Lt (%) u 8sn uonedIPIN dg
L0°0 6T ¥ 8ET 6T ¥ 8ET 6T ¥ 8ET 6T F 0T as F (bHww) dgs
100°0> (€2) 85 (L1) 25 (en) ey (e1) 8Y (%) u sareqelg
2000 (28) 56 (L2) €8 (v2) s8 (s2) vot (%) U AAD wuBfRASId
20 (081-62) 96 (501-52) 9% (9€T-92) 67 (G€T-82) €S (6/6w) »4OV aulN
€00 8T ¥ €L 9T FVL STFGL YT F9L (ZweL T/uIW/|W) AS F 499
20 (v6) 6€2 (06) v22 (88) 01€ (16) L2 (%) u 2By aNyM
20 9F VL 9F€L 9F €L 9F €L as ¥ (s1eak) aby
9'€z ge-€e ze-0¢ 0'e> (1p/Bu) abuey
sler4 0€g T5€ STy aj1enb Ul JsquinN

snJoydsoyd wnes
woNBAd  papnrend ga|nrend zZanend Ta|nend

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.



Page 14

Dominguez et al.

(abuel ap1uenbiaiul) uelipaw se payiodal sanfe
¥

80 (te) ot (62) 96 (L2) 16 (62) L6 (%) u asn uoneoIPaIN pIdi]
100°0> ETF Ly vT ¥ 6 9T ¥ 05 STFTS as ¥ (Ip/Bw) |oszise|oyD TaH
€00 ZEF 06T €€ F 16T vE ¥ 96T 7€ ¥ G6T as ¥ (p/Bw) |osaissjoyD [eroL
6000 8eF Ll 8€F9/C 8eFCle GEFTLC as ¥ (cwyB) xapur ssew Apog

() o1 (e) ot (€11 (e 11 waun)

(19) 202 (09) 86T (89) 16T (85) €61 Jawio4

(ve) ett (L8) ver (6€) 62T (6€) 8zt 13ASN
10 (9%) u asn 022eqo 1
100°0> (29) 181 (8v) 19T (ezv) ovT (ev) 2vT (%) u asn uonealpaN dg
¥0'0 0C FT¥T 8T ¥ 6€T 8T ¥ 6€T 8T ¥ €T as ¥ (bHww) dgs
100'0> (e2) 52 (91) vS (1) v (6) TE (%) u se1eqeIq
200 (ve) €Tt (L2) 16 (¥2) 08 (52) €8 (%) u QAD udfeASId
1000>  (T€e-1€) L9 (er-ve)evy (60152 Ly (€0T-L2) LY (6/6w) x4V auLN
700°0> LTF€9 VIF VL ZTF08 ZT1¥28 as F (WeL Tuw/jw) ¥499
60 (16) 66C (06) 662 (¢6) €08 (06) 662 (%) u 908y BNYM
100°0> 9FG. 9F €L SFeL SFEL as ¥ (seak) aby
81< LT¥T €1-0T 01> (%) abuey
oee zee T€E zee a[1enb ur JequinN

sn.Joydsoyd Jo uoip 10x3 feuolioei4 Areulin

v'0 (te) o1 (92) 58 (te) o1 (0¢) 86 (%) u asn uoneoIPaIN pIdi]
09°0 ST ¥ 05 ST ¥ 6V ST¥0S STF0S as ¥ (Ip/Bw) |osz1se|oyD TAH
80 €€ ¥ 261 €€ 7 96T g€ ¥ 267 TEF €61 as ¥ (p/Bw) |osaissjoyD [eroL
100°0> ZrF18e VEFVLC 8EFTLT vEF 89T as ¥ (;w/Bx) xaput ssew Apog

(9) gt (€)1t (€)1t (et waund

(99) 812 (65) 561 (99) v81 (99) 281 Jawio4

(62) L6 (8e) 9T (Tv) 9T (ov) vET JanaN
500 (%) U asn 090eqO L
70 (€9) vL1 (8v) 091 (9v) 15T (¥¥) GvT (%) u 8sn uoneaIPsN dg
600 02 ¥ OVT 6T ¥ 6ET 8T ¥ OVT 8T ¥ LET as # (bHww) das

OB peend  gemrend  zemend  TeInEnd

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.



Page 15

Dominguez et al.

sa|qeLIeA [eo10Baes 1oy arenbs-1yD ‘s3|geLIeA SNONUIUOD 10 Puall 1oy SanfeA-d

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2013 November 03.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Dominguez et al.

Table 2

Correlations of Serum and Urine Phosphorus Measurements

Serum Pi UPI/UCr FePi eGFR

Serum Pi 1

UPi/UCr 026~ 1

FePi -0.03 075 1
eGFR -009% 001 _g53* 1

*
indicates P< 0.05
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Page 17

Association of Serum Phosphorus, Urine Phosphorus/Creatinine Ratio, and Urinary Fractional Excretion of
Phosphorus with All-Cause Mortality

Quartilel Quartile2 Quartile3 Quartile4
Serum Phosphorus
Range (mg/dL) <3.0 3.0-3.2 3.3-35 23.6
Events/Total (annual event rate) 103/415 (3%) 83/351 (3%) 80/304 (3%) 98/255 (5%)
Model 1; HR (95% ClI) 1.00 (reference) 0.98 (0.73-1.30) 1.11 (0.83-1.48) 1.72 (1.30-2.26)
Model 2; HR (95% CI) 1.00 (reference) 0.96 (0.72-1.29)  1.08 (0.81-1.45)  1.68 (1.28-2.22)
Model 3; HR (95% ClI) 1.00 (reference) 0.99 (0.74-1.33) 1.03(0.76-1.38) 1.63 (1.23-2.17)
Urine Phosphorus/Creatinine
Range (mg/mg) <0.33 0.33-0.42 0.43-0.54 20.55
Events/Total (annual event rate) 75/332 (3%) 86/331 (3%) 97/332 (4%) 106/330 (4%)
Model 1; HR (95% CI) 1.00 (reference) 1.20 (0.88-1.63) 1.27 (0.94-1.71) 1.40 (1.04-1.89)
Model 2; HR (95% CI) 1.00 (reference) 1.18 (0.87-1.61) 1.22 (0.90-1.65) 1.39 (1.04-1.88)
Model 3; HR (95% ClI) 1.00 (reference) 1.22 (0.89-1.66) 1.24 (0.91-1.68) 1.22 (0.90-1.65)

Urinary Fractional Excretion of Phosphorus

Range (%) <10 10-13 14-17 >18
Events/Total (annual event rate) 79/332 (3%) 80/331 (3%) 85/332 (3%) 120/330 (5%)
Model 1; HR (95% CI) 1.00 (reference)  0.99 (0.73-1.35)  1.06 (0.78-1.44)  1.28 (0.96-1.71)
Model 2; HR (95% CI) 1.00 (reference)  0.95 (0.69-1.29)  0.95 (0.69-1.30)  0.98 (0.71-1.36)
Model 3; HR (95% Cl) 1.00 (reference)  0.95 (0.69-1.30)  0.91 (0.66-1.24)  0.88 (0.64-1.23)

Model 1 = age and race adjusted

Model 2 = Model 1 plus eGFR and microalbuminuria (yes/no)
Model 3 = Model 2 plus prevalent CVD, diabetes, systolic blood pressure, blood pressure medication use, tobacco use (current, former, never),
body mass index, total cholesterol, HDL cholesterol, and lipid medication use.
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Association of Serum Phosphorus, Urine Phosphorus/Creatinine Ratio, and Urinary Fractional Excretion of

Phosphorus with Cardiovascular Mortality

Quartilel Quartile2 Quartile3 Quartile4
Serum Phosphorus
Range (mg/dL) <3.0 3.0-3.2 3.3-35 23.6
Events/Total (annual event rate) 31/415 (1%) 29/351 (1%) 28/304 (1%) 32/255 (2%)
Model 1; HR (95% ClI) 1.00 (reference) 1.16 (0.70-1.93) 1.32(0.79-2.20) 1.87 (1.14-3.07)
Model 2; HR (95% CI) 1.00 (reference) 1.13 (0.68-1.88) 1.24 (0.74-2.08)  1.80 (1.09-2.95)
Model 3; HR (95% ClI) 1.00 (reference) 1.14 (0.68-1.92) 1.12 (0.66-1.90) 1.56 (0.93-2.62)
Urine Phosphorus/Creatinine
Range (mg/mg) <0.33 0.33-0.42 0.43-0.54 20.55
Events/Total (annual event rate) 27/332 (1%) 22/331 (1%) 30/332 (1%) 41/330 (1%)
Model 1; HR (95% CI) 1.00 (reference) 0.85(0.48-1.49) 1.05(0.62-1.77) 1.48 (0.91-2.40)
Model 2; HR (95% CI) 1.00 (reference) 0.82 (0.47-1.45) 0.97 (0.57-1.63) 1.45 (0.89-2.35)
Model 3; HR (95% ClI) 1.00 (reference) 0.83 (0.47-1.46) 0.95 (0.56-1.62) 1.18 (0.72-1.95)

Urinary Fractional Excretion of Phosphorus

Range (%) <10 10-13 14-17 >18
Events/Total (annual event rate) 24/332 (1%) 23/331 (1%) 26/332 (1%) 47/330 (2%)
Model 1; HR (95% ClI) 1.00 (reference) 0.93 (0.52-1.65) 1.06 (0.61-1.85) 1.53 (0.93-2.53)
Model 2; HR (95% CI) 1.00 (reference)  0.85 (0.48-1.51)  0.85 (0.48-1.50)  0.93 (0.52-1.63)
Model 3; HR (95% Cl) 1.00 (reference)  0.92 (0.52-1.64)  0.82 (0.46-1.46)  0.84 (0.47-1.49)

Model 1 = age and race adjusted

Model 2 = Model 1 plus eGFR and microalbuminuria (yes/no)
Model 3 = Model 2 plus prevalent CVD, diabetes, systolic blood pressure, blood pressure medication use, tobacco use (current, former, never),
body mass index, total cholesterol, HDL cholesterol, and lipid medication use.
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