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Abstract
Background—Higher serum phosphorus concentrations within the normal laboratory range have
been associated with cardiovascular events and mortality in large prospective cohort studies of
individuals with and without kidney disease. Reasons for interindividual variation in steady-state
serum phosphorus concentrations are largely unknown.

Study Design—Cross-sectional study.

Setting & Participants—15,513 participants in the Third National Health and Nutrition
Examination Survey.

Predictors—Demographic data, dietary intake measured by means of 24-hour dietary recall and
food-frequency questionnaire, and established cardiovascular risk factors.

Outcome & Measurements—Serum phosphorus concentration.

Results—Mean serum phosphorus concentrations were significantly greater in women (+0.16
mg/dL versus men; P < 0.001) and people of non-Hispanic black and Hispanic race/ethnicity
(+0.06 and +0.07 mg/dL versus non-Hispanic white, respectively; P < 0.001). Dietary intakes of
phosphorus and phosphorus-rich foods were associated only weakly with circulating serum
phosphorus concentrations, if at all. Higher serum phosphorus levels were associated with lower
calculated Framingham coronary heart disease risk scores, which are based on traditional
atherosclerosis risk factors. In aggregate, demographic, nutritional, cardiovascular, and kidney
function variables explained only 12% of the variation in circulating serum phosphorus
concentrations.

Limitations—Results may differ with advanced kidney disease.

Conclusions—Serum phosphorus concentration is weakly related to dietary phosphorus and not
related to a diverse array of phosphorus-rich foods in the general population. Factors determining
serum phosphorus concentration are largely unknown. Previously observed associations of serum
phosphorus concentrations with cardiovascular events are unlikely to be a result of differences in
dietary intake or traditional cardiovascular risk factors.
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Higher serum phosphorus levels are emerging as a novel biomarker of cardiovascular risk.
In long-term dialysis patients, increased serum phosphorus concentrations consistently have
been associated with arterial calcification and mortality independent of traditional
atherosclerotic risk factors.1-3 These associations intensify with higher serum phosphorus
concentrations and are corroborated by experimental models that show a direct calcifying
effect of phosphorus on cultured vascular smooth muscle tissue.4,5

Higher serum phosphorus concentrations within the normal range also have been associated
with cardiovascular events and mortality in individuals with moderate chronic kidney
disease and those with normal kidney function.6-8 Of 3,368 participants in the Framingham
Offspring Study without clinically apparent kidney or cardiovascular disease, each 1-mg/dL
higher serum phosphorus concentration was associated with a 31% increased risk of a first
major cardiovascular event, and of 4,159 participants in the Cholesterol and Recurrent
Events (CARE) Study, each 1-mg/dL higher serum phosphorus concentration was associated
with a 27% greater risk of all-cause mortality.6,8

Greater serum phosphorus concentrations may reflect a relatively atherogenic diet.
Phosphorus is abundant in beef, milk, butter, cheese, and processed foods, which also
contain high levels of saturated fats and cholesterol. However, dietary intake patterns may
not inform circulating phosphorus levels because key regulatory hormones, urinary
excretion, and cellular flux serve to maintain serum phosphorus concentrations within a
narrow range.9,10 The relationship between dietary practices and circulating phosphorus
concentrations has not been fully explored in a large cohort.

Given recent prospective association of higher serum phosphorus concentrations with
cardiovascular events, it is plausible that circulating phosphorus levels are intertwined with
known atherosclerosis risk factors, such as hypertension, diabetes, and hyperlipidemia.
However, relationships of phosphorus concentrations with traditional cardiovascular risk
factors have been inconsistent in previous studies.7,8,11

In the present study, we examine nutritional variables and cardiovascular risk factors in
relation to circulating serum phosphorus concentrations in a population-based nationally
representative cohort.

Methods
Study Population

The Third National Health and Nutrition Examination Survey (NHANES III) was a
population-based survey conducted from 1988 to 1994.12 It was designed to provide
national estimates of health and nutrition for the civilian noninstitutionalized population of
the United States. Young children, older persons, black persons, and Mexican Americans
were oversampled as part of a complex multistage sample design. A total of 16,575
participants 20 years or older were included in a mobile examination center evaluation;
15,513 of these (94%) had measurement of serum phosphorus and were included in this
study. All participants granted informed consent for participation in NHANES III.

de Boer et al. Page 2

Am J Kidney Dis. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Measurement of Dietary Variables
Two validated instruments, the 24-hour dietary recall and the 1-month food-frequency
questionnaire, were used to assess dietary variables.13,14 Daily intakes of total energy,
macronutrients, phosphorus, and alcohol were assessed by using 24-hour dietary recall
collected through an in-person interviewer-administered dietary data collection system, as
previously described.12 The food-frequency questionnaire assessed the intake of dietary
factors related to phosphorus consumed during the 1 month preceding the study visit. Dairy
products included milk; yogurt and frozen yogurt; ice cream, ice milk, and milkshakes; and
cheese of all types. Meat included beef; pork and ham; liver and other organ meats; bacon,
sausage, and luncheon meats; and poultry of all types. Seafood included fish, shrimp, clams,
oysters, crab, and lobster.

There were 1,179 participants who returned for repeated dietary assessment a median of 16
days later (range, 0 to 48 days). Repeated 24-hour dietary phosphorus correlated moderately
with initial values (Pearson ρ = 0.48).

Measurement of Serum Phosphorus
During the mobile examination center evaluation, blood samples were centrifuged,
aliquoted, and frozen to −70°C on site. Frozen samples were shipped on dry ice to central
laboratories, where they were stored at −70°C until analysis.15 Phosphorus was measured in
serum using a Hitachi model 737 multichannel analyzer (Boehringer Mannheim
Diagnostics, Indianapolis, IN). With this assay, inorganic phosphorus reacts with
ammonium molybdate in an acidic solution to form ammonium phosphomolybdate, which is
quantified in the UV range (340 nm) through the use of a sample-blanked end point method.
Two concentrations of unassayed control materials were measured daily and used for quality
control. Monthly coefficients of variation ranged from 0.6% to 1.0% within runs and 1.8%
to 2.8% total.

There were 1,878 participants (12%) who returned for repeated serum phosphorus
measurement after a median of 16 days (range, 0 to 48 days). Repeated phosphorus levels
correlated with initial values (Pearson ρ = 0.59), and this correlation modestly increased
when restricted to 1,161 participants who were fasting for both measurements (ρ = 0.63).
The SD for intraindividual variation of serum phosphorus concentration over time was 0.31
mg/dL, after accounting for fasting status and time of day.

Measurement of Other Study Variables
Race/ethnicity was self-described as non-Hispanic white, non-Hispanic black, Hispanic, or
other. Household income was measured as poverty income ratio. Fasting was defined as not
eating within 8 hours of phlebotomy. Diabetes mellitus was defined as self-reported
physician diagnosis of diabetes or use of diabetes medication (insulin or pills for diabetes).
16 Hypertension was defined as use of antihypertensive medication, systolic blood pressure
of 140 mm Hg or greater, or diastolic blood pressure of 90 mm Hg or greater.17
Hyperlipidemia was defined as total cholesterol concentration of 200 mg/dL or greater (total
cholesterol in mg/dL may be converted to mmol/L by multiplying by 0.02586).18 Smoking
status was classified as never, former, or current based on responses to the questions “Do
you currently smoke?” and “Have you smoked 100+ cigarettes?” Body mass index was
classified as underweight (<18.5 kg/m2), normal (18.5 to 24.9 kg/m2), overweight (25 to
29.9 kg/m2), or obese (≥30 kg/m2). Estimated glomerular filtration rate (GFR) was
calculated from age, sex, race/ethnicity, and serum creatinine concentration using the 4-
variable Modification of Diet in Renal Disease Study equation, with serum creatinine
calibrated to Modification of Diet in Renal Disease Study values.19,20 Urine albumin and
creatinine were measured from a single random voided urine sample, with urine albumin-
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creatinine ratio categorized using established sex-specific thresholds.21 Serum 25-
hydroxyvitamin D, a measure of vitamin D intake, was assayed using a radioimmunoassay
kit (DiaSorin Inc, Stillwater, MN).

Statistical Methods
To increase the efficiency of the sampling process, NHANES III used a complex multistage
sampling design.12 Weights were assigned to account for varied rates of sampling by age
and race/ethnicity and adjust for nonresponse bias (caused by people refusing to participate)
and noncoverage bias (caused by people who did not live in households and therefore could
not participate). We used the svy commands of STATA software, version 9.2 (Stata Corp,
College Station, TX) in all analyses to account for both the sampling and weighting
processes (pweight = wtpfex6, PSU = sdppsu6, strata = sdpstra6).

Mean serum phosphorus concentrations were summarized within categories of covariates.
Linear regression was used to estimate associations of individual covariates with differences
in mean serum phosphorus concentrations, adjusting for age, sex, race/ethnicity, time of
measurement, and fasting status. Additional linear regression models were constructed to
estimate the variance in serum phosphorus levels explained by groups of covariates. For
these models, continuous covariates were explored using flexible graphing methods and
modeled using splines. R2 values were used to estimate the proportion of variance explained
by the model. Locally weighted regression was used to describe the association of dietary
phosphorus intake with serum phosphorus concentrations. Error in variables regression was
used to examine associations after accounting for variability in dietary phosphorus
measurements.

Results
Description of Serum Phosphorus Concentrations in NHANES

Serum phosphorus concentrations were normally distributed with a mean value of 3.4 mg/
dL, SD of 0.5 mg/dL, and 25th and 75th percentiles of 3.1 to 3.8 mg/dL (Fig 1). Phosphorus
concentrations were greater later in the day and in participants who were not fasting (Fig 2).
There was no statistical interaction between time of day and fasting status on serum
phosphorus concentration (P = 0.2).

Serum phosphorus concentrations did not differ by age in participants aged 30 to 90 years,
but were higher in participants aged 20 to 29 years (Fig 3). Phosphorus concentrations were
higher in women compared with men (+0.16 mg/dL) and in participants who were Hispanic
(+0.06 mg/dL) or non-Hispanic black (+0.07 mg/dL) compared with those who were non-
Hispanic white, after adjustment for fasting status and time of day (P < 0.001 for each
comparison; Table 1; Fig 3). Contrasts by race/ethnicity persisted after adjustment for
household income.

The 24-Hour Dietary Recall Data
Greater dietary phosphorus intake was weakly, albeit statistically, associated with higher
serum phosphorus concentrations (Table 2; Fig 4). On average, each 500-mg greater intake
of dietary phosphorus was associated with a 0.03-mg/dL higher serum phosphorus
concentration after adjustment for age, sex, race/ethnicity, time of day, and fasting status (P
< 0.001). After accounting for observed variability in measured dietary phosphorus intake
estimated by using data from the callback sample, each 500-mg greater dietary phosphorus
intake was associated with a 0.06-mg/dL higher adjusted serum phosphorus concentration.
Associations of each 24-hour dietary intake variable with serum phosphorus concentration
were statistically indistinguishable comparing men with women (P > 0.3 for each
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interaction). In a subgroup of participants with an estimated GFR less than 60 mL/min/1.73
m2, there was no association of dietary phosphorus with serum phosphorus concentration
(coefficient, 0.00 mg/dL/500-mg increase; P = 0.9; estimated GFR in mL/min/1.73 m2 may
be converted to mL/s/1.73 m2 by multiplying by 0.01667).

We observed weak correlations of total caloric intake and percentage of calories consumed
from carbohydrates with serum phosphorus concentration (Table 2; Fig 4). Percentagess of
calories from protein and fat were not associated with serum phosphorus concentration.

The 1-Month Food-Frequency Questionnaire Data
Greater consumption of meat (specifically beef) and dairy products were statistically
associated with higher serum phosphorus concentration in participants with estimated GFR
of 60 mL/min/1.73 m2 or greater (Table 3). However, these differences were small (+0.02 or
+0.01 mg/dL/serving/d, respectively). Other phosphorus-rich foods were not associated with
serum phosphorus concentration in participants with or without chronic kidney disease
(Table 3).

Cardiovascular Risk Factors
Associations of serum phosphorus concentrations with individual cardiovascular risk factors
were inconsistent and generally modest (Table 4). Serum phosphorus concentrations were
slightly higher in participants with hyperlipidemia and those who actively smoked.
However, serum phosphorus concentrations were modestly lower in participants with greater
body mass index and higher levels of C-reactive protein. No association of serum
phosphorus concentration with hypertension or diabetes was observed. In aggregate, higher
serum phosphate concentrations were associated with statistically lower 10-year
Framingham risk scores for coronary heart disease, primarily because of their association
with female sex and younger age. Mean serum phosphorus concentration did not change
with estimated GFR until estimated GFR was less than 30 mL/min/1.73 m2, at which point
serum phosphorus concentration markedly increased (+0.66 mg/dL compared with ≥ 90 mL/
min/1.73 m2). We could not detect a statistical association of serum 25-hydroxyvitamin D
concentration with serum phosphorus concentration.

Combined Impact of Measured Variables
Time of day and fasting status explained a larger portion of the variance in serum
phosphorus concentrations than demographic variables, dietary intakes, or kidney function
(Table 5). Combined, time of day, fasting status, demographics, dietary intake,
cardiovascular risk factors, and kidney function explained 12% of the variation in serum
phosphorus concentrations.

Discussion
Serum phosphorus concentrations were statistically, but only weakly, associated with dietary
phosphorus intake and consumption of meat and dairy products in NHANES III, a nationally
representative study that emphasized the collection of nutritional data. Serum phosphorus
concentrations were not associated with a wide variety of other phosphorus-containing foods
and were inversely related to Framingham coronary heart disease risk scores. Altogether,
diet, demographics, measurement-related variables, kidney function, and cardiovascular risk
factors explained only 12% of the population variation in serum phosphorus concentrations.
Thus, factors determining serum phosphorus concentration are largely unknown, and
previously observed associations of serum phosphorus concentrations with cardiovascular
events are unlikely to reflect differences in dietary intake or traditional cardiovascular risk
factors.
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Similar dissociations of dietary and serum phosphorus levels recently were observed in a
population-based study from Spain and a small group of research volunteers assigned to
various phosphorus diets in a controlled setting.24,25 In the latter study, urinary phosphorus
levels were found to increase rapidly in response to dietary phosphorus loading; however,
serum phosphorus concentration remained constant.24 Phosphorus balance is tightly
regulated by gastrointestinal absorption, flux into and out of bone, intracellular shift, and
renal excretion.26 Gastrointestinal phosphorus absorption occurs through sodium-
phosphorus transporters in the small intestine that are augmented by 1,25-dihydroxyvitamin
D.27 Renal phosphorus excretion is regulated primarily in the proximal tubule by
parathyroid hormone and fibroblast growth factor 23 and directly by higher phosphorus
concentrations, providing both an immediate and long-term response to phosphorus loading.
28-31

In patients with moderate CKD, serum phosphorus levels remain within the normal
laboratory range because of a significant increase in fractional urinary excretion of
phosphorus.9 Consistent with other studies, we found no association of kidney function with
serum phosphorus levels until kidney function was considerably impaired and unlikely to
further respond to hormonal stimulation.7,9 Because severe kidney impairment is uncommon
in the general population, it is not surprising that kidney function explained only a very
small portion of the variance in serum phosphorus levels in this study.

Of the cardiovascular risk factors studied, only hyperlipidemia and smoking were associated
with modestly increased serum phosphorus concentrations, whereas coronary heart disease
risk scores were related inversely to serum phosphorus concentrations. These observations
support prior conclusions that previous associations of serum phosphorus concentrations
with incident cardiovascular events and mortality were unlikely to have been meaningfully
confounded by diet, kidney function, or known cardiovascular risk factors.6,8

In the absence of diet and traditional cardiovascular risk factors, what are plausible
explanations for previous associations of higher serum phosphorus concentrations with
incident cardiovascular events and mortality? Given the growing number of hormones
recognized to regulate steady-state serum phosphorus levels, it is possible that 1 or more
hormones involved in determining the phosphorus set point might contribute to
cardiovascular risk through dystrophic mineralization of vascular smooth muscle tissue.
However, none of the currently understood regulatory phosphorus hormones have known
adverse cardiovascular effects. Given direct effects of higher phosphorus concentrations on
smooth muscle calcification in-vitro,5 it is possible that similar effects may occur in vivo at
physiological phosphorus concentrations in the presence of other circulating factors.
Phosphorus retention also increases the release of parathyroid hormone and impairs
activation of vitamin D23,32; high parathyroid hormone and low vitamin D concentrations
have each been associated with increased cardiovascular risk in epidemiological studies.
33-35 Finally, it is possible that higher circulating serum phosphorus levels reflect increased
bone resorption and osteoporosis, which is associated with vascular calcification.22

Additional studies are needed to address these important potential mechanisms of
association.

We observed variation in nutritional exposure variables over time, which likely reflects both
imprecision in dietary recall and true day-to-day differences in dietary practices. Imprecise
measurement of exposure variables is expected to bias observed results toward the null
association and may partially explain the weak associations observed in this study. Dietary
surveys are known to be imprecise; however, the instruments used for NHANES III, which
focused on nutritional epidemiology, have been validated and successfully used elsewhere.
13,14 Moreover, the magnitude of association of dietary phosphorus intake with serum

de Boer et al. Page 6

Am J Kidney Dis. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



phosphorus concentrations remained biologically and clinically small in sensitivity analyses
that took into account measured intraindividual variation in reported dietary intake.

We also observed considerable within-individual variation in serum phosphorus
concentrations over time. Some of this variation was explained by fasting status and time of
day, as previously described,36 whereas laboratory measurement error, as reported by
NHANES III, was relatively small. These findings suggest that a single serum phosphorus
measurement does not precisely capture an individual's “average” steady-state phosphorus
concentration. Based on normal distribution of the difference in serum phosphorus
concentrations from the callback sample, random (nondifferential) measurement error of
serum phosphorus concentrations is expected. Unlike random error of nutritional exposure
variables, which bias findings toward the null, random error of the outcome variable will
decrease statistical power to detect associations by introducing “noise.” The large sample
size in the present study mitigates this concern to some extent.

In summary, we found circulating serum phosphorus concentrations to be related weakly to
dietary phosphorus intake and unrelated to most phosphorus-containing foods. We could not
detect meaningful associations of serum phosphorus concentrations with traditional coronary
heart disease risk factors or kidney function within the range of kidney function typically
present in the general population. These data suggest that previous prospective associations
of higher serum phosphorus concentrations with cardiovascular events are unlikely to be
explained by differences in dietary habits or known predisposition to atherosclerosis.
Physiological hormones that regulate the serum phosphorus set point require further scrutiny
for their possible role in dystrophic calcification and cardiovascular risk.
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Figure 1.
Distribution of serum phosphorus concentrations in the Third National Health and Nutrition
Examination Survey. Serum phosphorus in mg/dL may be converted to mmol/L by
multiplying by 0.3229.
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Figure 2.
Mean serum phosphorus concentrations by time of day and fasting status. Open circles,
fasting; filled circles, nonfasting; bars, 95% confidence intervals. Serum phosphorus in mg/
dL may be converted to mmol/L by multiplying by 0.3229.
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Figure 3.
Mean serum phosphorus concentrations by age, sex, and race/ethnicity. Bars represent 95%
confidence intervals. Abbreviations: NHW, non-Hispanic white; NHB, non-Hispanic black;
H, Hispanic. Serum phosphorus in mg/dL may be converted to mmol/L by multiplying by
0.3229.
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Figure 4.
Relationship of serum phosphorus concentration to 24-hour dietary phosphorus, total
energy, and percentage of protein intake. Serum phosphorus in mg/dL may be converted to
mmol/L by multiplying by 0.3229.
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Table 1
Demographics by Serum Phosphorus Concentration

<3.0 mg/dL 3.0-3.4 mg/dL 3.5-3.9 mg/dL ≥4.0 mg/dL

Weighted percent 15 (2,499) 35 (5,738) 35 (6,324) 14 (4,162)

Mean age (y) 46.9 ± 0.5 45.3 ± 0.6 43.7 ± 0.6 44.2 ± 0.7

Women (%) 37 49 58 62

Race (%)

 White 79 78 75 74

 Black 10 9 11 12

 Mexican 4 5 5 6

Diabetes mellitus (%) 6 5 5 7

Hypertension (%) 28 25 22 24

Chronic kidney disease 7 (259) 7 (557) 7 (536) 10 (303)

Note: Values expressed as percent (no.) or mean ± SD, unless otherwise indicated. Serum phosphorus in mg/dL may be converted to mmol/L by
multiplying by 0.3229.
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Table 2
Associations of 24-Hour Dietary Recall Variables With Serum Phosphorus Concentration

24-Hour Dietary Recall Variable No. of Patients

Serum Phosphorus Concentration (mg/dL)

P
Unadjusted Mean

(95% confidence interval)
Adjusted Difference*

(95% confidence interval)

Energy (kcal) 0.2

 <1,500 4,748 3.47 (3.44 to 3.49) −0.01 (−0.04 to 0.02)

 1,500-2,300 5,347 3.45 (3.42 to 3.47) Reference

 >2,300 4,890 3.42 (3.39 to 3.45) 0.02 (−0.01 to 0.06)

 500-kcal increase 0.01 (0.00 to 0.02) 0.005

Protein (% energy) 0.4

 <13 4,472 3.44 (3.41 to 3.46) −0.01 (−0.03 to 0.02)

 13-17 5,478 3.44 (3.41 to 3.46) Reference

 >17 5,035 3.45 (3.43 to 3.48) 0.01 (−0.01 to 0.04)

 10% increase 0.02 (0.00 to 0.04) 0.07

Carbohydrate (% energy) 0.07

 <45 4,906 3.44 (3.41 to 3.47) 0.02 (−0.01 to 0.04)

 45-55 5,328 3.44 (3.42 to 3.47) Reference

 >55 4,751 3.44 (3.42 to 3.47) −0.01 (−0.04 to 0.02)

 10% increase −0.01 (−0.02 to 0.00) 0.02

Total fat (% energy) 0.3

 <30 5,262 3.44 (3.41 to 3.46) −0.02 (−0.05 to 0.01)

 30-38 5,025 3.44 (3.42 to 3.47) Reference

 >38 4,698 3.44 (3.42 to 3.47) 0 (−0.02 to 0.02)

 10% increase 0.01 (−0.01 to 0.02) 0.4

Phosphorus (mg) <0.001

 <900 5,063 3.44 (3.41 to 3.46) −0.02 (−0.05 to 0.01)

 900-1,400 5,052 3.44 (3.41 to 3.46) Reference

 >1,400 4,870 3.45 (3.42 to 3.48) 0.07 (0.04 to 0.1)

 500-mg increase 0.03 (0.02 to 0.04) <0.001

*
Adjusted for age, sex, race/ethnicity, time of day, and fasting status.
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Table 4
Associations of Cardiovascular Risk Factors With Serum Phosphorus Concentration

Covariate No. of Patients

Serum Phosphorus Concentration (mg/dL)

P
Unadjusted Mean
(95% confidence interval)

Adjusted Difference*
(95% confidence interval)

Diabetes mellitus 0.2

 No 14,215 3.44 (3.42 to 3.46) Reference

 Yes 1,280 3.48 (3.43 to 3.53) 0.03 (−0.02 to 0.07)

Hypertension 0.2

 No 10,717 3.45 (3.43 to 3.48) Reference

 Yes 4,771 3.41 (3.39 to 3.44) −0.02 (−0.05 to 0.01)

Hyperlipidemia <0.001

 No 12,026 3.43 (3.41 to 3.46) Reference

 Yes 3,450 3.48 (3.45 to 3.5) 0.06 (0.03 to 0.08)

Smoking 0.001

 Never 7,654 3.45 (3.42 to 3.48) Reference

 Former 3,863 3.39 (3.36 to 3.42) 0 (−0.03 to 0.03)

 Current 3,996 3.48 (3.45 to 3.51) 0.06 (0.03 to 0.09)

Body mass index (kg/m2) <0.001

 <18.5 308 3.58 (3.51 to 3.65) 0.07 (0.01 to 0.13)

 18.5-24.9 5,913 3.47 (3.44 to 3.49) Reference

 25-29.9 5,395 3.42 (3.39 to 3.45) −0.02 (−0.04 to 0.01)

 30-34.9 2,477 3.41 (3.38 to 3.44) −0.05 (−0.08 to −0.01)

 ≥35 1,385 3.43 (3.39 to 3.47) −0.05 (−0.09 to −0.01)

Serum C-reactive protein (mg/dL) 0.03

 <0.21 10,141 3.45 (3.42 to 3.47) Reference

 ≥0.21 5,360 3.44 (3.41 to 3.47) −0.03 (−0.05 to 0)

10-y Framingham risk score <0.001

 <10% 7,338 3.49 (3.46 to 3.51) Reference

 10%-20% 1,459 3.38 (3.34 to 3.42) −0.10 (−0.15 to −0.06)

 >20% 441 3.33 (3.27 to 3.40) −0.15 (−0.22 to −0.08)

Estimated glomerular filtration rate† (mL/min/1.73
m2)

<0.001

 <30 69 4.09 (3.82 to 4.36) 0.66 (0.4 to 0.91)

 30-44.9 298 3.46 (3.4 to 3.52) 0.03 (−0.04 to 0.09)

 45-59.9 1,134 3.48 (3.44 to 3.52) 0.05 (0 to 0.1)

 60-89.9 7,624 3.43 (3.41 to 3.45) 0 (−0.04 to 0.03)

 ≥90 6,387 3.45 (3.42 to 3.48) Reference

Urine albumin-creatinine ratio‡ 0.05

 Normal 12,744 3.45 (3.42 to 3.47) Reference

 Microalbuminuria 2,067 3.41 (3.38 to 3.44) −0.04 (−0.07 to −0.01)

 Macroalbuminuria 322 3.43 (3.34 to 3.52) −0.02 (−0.12 to 0.08)
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Note: Glomerular filtration rate in mL/min/1.73 m2 may be converted to mL/s/1.73 m2 by multiplying by 0.01667.

*
Adjusted for age, sex, race/ethnicity, time of day, and fasting status (10-year Framingham risk score adjusted race/ethnicity, time of day, and

fasting status only).

†
Calculated using the simplified Modification of Diet in Renal Disease Study equation.20

‡
Urine albumin-creatinine ratio defined as normal (<17 mg/g for men, <25 mg/g for women), microalbuminuria (17 to 249 mg/g for men, 25 to

354 mg/g for women), or macroalbuminuria (≥250 mg/g for men, ≥355 mg/g for women).21
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Table 5
Variation in Serum Phosphorus Concentrations Explained by Groups of Potential
Determinants

Potential Determinants
Univariate
R2

Cumulative
R2

Fasting status, time of day 0.05

Age, sex, race/ethnicity 0.04 0.09

Dietary variables* 0.01 0.11

Estimated glomerular filtration rate 0.007 0.11

Cardiovascular risk factors† 0.01 0.12

*
Dietary variables include total energy, protein, carbohydrate, total fat, phosphorus, alcohol, dairy, meat, and seafood.

†
Cardiovascular risk factors include diabetes, hypertension, hypercholesterolemia, smoking, body mass index category, C-reactive protein level

greater than 0.21 mg/dL, and albuminuria.
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