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Abstract 

Background: Inorganic phosphate is a crucial component of cellular energy metabolism. We have 

identified an inverse relationship between serum phosphate concentration and fat mass in a cohort of 

healthy men. This study reports those data and determines whether this association is present in two 

female populations. 

 

Methods: Cross-sectional data from three independent cohorts, consisting of healthy adult males 

(Male Cohort, n=323) and healthy postmenopausal women (Female Cohort 1, n=185; and Female 

Cohort 2, n=1471), are reported. Associations between serum phosphate and weight, body mass index 

(BMI), fat mass, and bone mineral density (BMD) were assessed. In a fourth cohort of 

postmenopausal women (FGF23 Cohort, n=20), associations between fibroblast growth factor 23 

(FGF23), weight and BMI were assessed. 

 

Results: Serum phosphate correlated inversely with weight, BMI and fat mass across all three cohorts 

(r = -0.13 to -0.31, p-value <0.0001 to 0.02). Associations were diminished after adjustment for PTH, 

but remained significant. In the FGF23 Cohort, FGF23 was positively correlated with weight (r=0.60, 

p=0.007) and BMI (r=0.49, p=0.03). Phosphate was inversely associated with BMD in Female 

Cohorts 1 & 2 (r = -0.08 to -0.29, p-value <0.0001 to 0.02). This relationship was attenuated, but 

remained significant at most sites, following adjustment for age, fat mass, renal function, and 25-

hydroxyvitamin D.  

 

Conclusions: Serum phosphate is inversely associated with measures of adiposity in both women and 

men, largely independently of PTH. FGF23 might mediate these associations. This relationship may 

be an unrecognized confounder in some of the correlates of serum phosphate already described.  
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Introduction 

Inorganic phosphate is an essential component of many biological processes, and its serum levels are 

widely measured in clinical practice. Adequate phosphate concentrations are required for bone 

mineralization, and phosphate has a crucial role in energy metabolism, being required for generation 

of the primary cellular energy substrate, adenosine triphosphate (ATP). We have incidentally noticed 

an inverse correlation between serum phosphate levels and fat mass in a cohort of healthy men, and 

report that finding in this manuscript. In large databases, such associations can easily occur by chance, 

so we have also looked for similar associations between serum phosphate and measures of adiposity 

in two independent data sets, and used what other variables are available in these databases (e.g. 

parathyroid hormone [PTH]) to gain insight into the possible mediators of this relationship.  

 

Although fibroblast growth factor 23 (FGF23) levels were not available in any of the three 

populations studied, this hormone is an important regulator of serum phosphate concentrations [1] and 

has been associated with fat mass in other cohorts [2, 3], suggesting that it may be a mediator of the 

relationships reported in this study. For this reason, we have also looked for associations between 

FGF23 and body mass index (BMI) in a further cohort in whom FGF23 levels were available. 

 

Methods 

Participants 

This analysis uses baseline data from four independent cohorts of adults who participated in clinical 

trials at our center. The original trials have been described previously [4-7]. A brief description of 

each cohort is given below. Since the trial interventions took place after the collection of the data used 

in these analyses, the details of the trials are only relevant in that they determined the entry criteria to 

the cohorts. Sample size was dictated by the number of individuals from each cohort in whom the 

variables of interest had been assessed. All studies were approved by the local ethics committee, and 

informed consent was obtained from each participant at the time of study enrolment.  
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Male Cohort 

This cohort (n=323) of community-dwelling men, aged 40 and older, were randomized to receive 

calcium supplements (600 or 1200 mg per day) or placebo for a two-year period [5]. Exclusion 

criteria included major active disease (including coronary heart disease, hypertension, diabetes 

mellitus, untreated thyroid disease, renal dysfunction, liver disease, malignancy, or known metabolic 

bone disease), current lipid-lowering therapy, 25-hydroxyvitamin D <25 nmol/L, and BMD Z-score 

<-2.0 at the spine or total hip.  

 

Female Cohort 1 

This cohort (n=185) of healthy postmenopausal women, age < 75 years, were randomized to receive 

hydrochlorothiazide 50 mg or placebo daily for a two-year period [4]. Exclusion criteria included 

disorders of calcium metabolism, previously treated osteoporosis, systemic illness (including renal, 

thyroid or hepatic dysfunction), glucocorticoid use, use of calcium supplements at a dose of >500mg 

per day, and use of hormone replacement therapy within 12 months.  

 

Female Cohort 2 

This cohort (n=1471) of healthy postmenopausal women, aged 55 or older, were randomized to 

receive either 1g elemental calcium (as citrate) or placebo daily for five years [6]. Women receiving 

therapy for osteoporosis or taking calcium supplements were ineligible. Additional exclusion criteria 

included major ongoing disease, malignancy, metabolic bone disease, 25-hydroxyvitamin D <25 

nmol/L, and BMD Z-score of <-2.0 at the spine.  

 

FGF23 Cohort 

This cohort (n=20) of healthy women, at least 5 years postmenopausal, were randomized to receive 

either 1g elemental calcium (as carbonate) or to a placebo containing no calcium for three months [7]. 

Exclusion criteria included known cardiovascular disease, recent treatment with medications known 

to affect calcium concentrations or bone metabolism, and active systemic illness. 
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Measurements 

In all cohorts, height was measured with a Harpenden stadiometer, and weight was determined using 

electronic scales. Dietary calcium intake was assessed with a validated food frequency questionnaire 

[8]. Baseline blood pressure was measured using either a Dynamap automatic monitor (Johnson & 

Johnson, Tampa, FL) (Male Cohort, Female Cohort 2) or a manual sphygmomanometer (Female 

Cohort 1), after a 5-10 minute rest period. In the Male Cohort and in Female Cohort 2, three blood 

pressure readings were taken three minutes apart, and results were averaged.  

 

BMD and body composition were measured using dual-energy x-ray absorptiometry with a Lunar 

Prodigy (Male Cohort), Lunar DPX-L (Female Cohort 1), or Lunar Expert (Female Cohort 2) 

instruments (GE-Lunar, Madison, Wisconsin). BMD was assessed at the spine, hip and the total body.  

 

Each participant provided a fasting serum sample at baseline, and concentrations of phosphate, total 

calcium, creatinine, glucose, and lipids were assessed. Glomerular filtration rate was estimated using 

the MDRD equation [9]. 

 

In the Male Cohort, 25-hydroxyvitamin D was measured using either a radioimmunoassay (DiaSorin, 

Stillwater, Minnesota) or a chemiluminescent assay (Nichols, San Juan Capistrano, California), both 

assays meeting the performance targets for the Vitamin D External Quality Assessment Scheme 

(DEQAS) [10]. Results using the Nichols assay were converted to DiaSorin results as previously 

described [11]. Serum PTH was measured in 151 participants using Roche autoanalyzers (Roche 

Diagnostics, Indianapolis, Indiana).  

 

In Female Cohort 1, 25-hydroxyvitamin D levels were measured using the Incstar assay (Incstar 

Corporation, Stillwater, Minnesota). Serum PTH was measured using an Allegro assay (Nichols 

Institute, San Juan Capistrano, CA). Fasting insulin levels were measured using an in-house 

radioimmunoassay, with an intra-assay CV of 3.9%, and an inter-assay CV of 7.8%.  

 



 

This article is protected by copyright. All rights reserved. 

In Female Cohort 2, 25-hydroxyvitamin D levels were measured using a DiaSorin radioimmunoassay 

(DiaSorin, Stillwater, Minnesota). PTH levels were not determined in this cohort. 

 

In the FGF23 Cohort, FGF23 was measured using an intact ELISA kit (Kainos Laboratories, Tokyo, 

Japan, CV 6%). Phosphate and PTH concentrations were assessed using a Cobas modular 

autoanalyzer (Roche Diagnostics). 

 

Statistical analyses 

In the three principal cohorts, visual inspection of frequency distribution histograms and Q-Q plots 

values were done to determine whether linear variables had parametric or non-parametric 

distributions. Associations between serum phosphate and other baseline parameters were assessed 

using Pearson’s correlation for normally distributed data. Relationships between serum phosphate and 

measures of adiposity were further examined using linear regression analyses with phosphate as the 

dependent variable and fat mass as an independent variable, with stepwise inclusion of PTH, age and 

eGFR in the model. Relationships between serum phosphate and other cardiometabolic variables were 

also examined using linear regression analyses with inclusion of fat mass in the model. Associations 

between serum phosphate and BMD were similarly explored following adjustment for fat mass, in 

addition to the following established determinants of BMD: age, eGFR and 25-hydroxyvitamin D.  

 

In the fourth (FGF23) cohort, results from the Shapiro-Wilk test for normality and the appearance of 

frequency distribution histograms and Q-Q plots were used to assess whether variables were normally 

distributed. Associations between FGF23, phosphate, PTH and measures of adiposity were 

determined using Pearson’s correlation. 

 

All data analysis was done with SAS v9.4 (SAS Institute, NC), and figures were created using Prism 

v6.0 (GraphPad Software Inc, 2013). The threshold for statistical significance was p <0.05. 
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Where applicable, reporting of this study conforms to the recommendations laid out in the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [12, 13]. 

 

Results 

A total of 1979 individuals (1656 women, 323 men) from the three principal cohorts were studied. 

Their baseline characteristics are presented in Table 1.  

 

Bivariate correlations of serum phosphate 

Bivariate correlations of serum phosphate are shown in Table 2. All variables displayed in this table 

conformed to a normal distribution.Significant inverse correlations of serum phosphate with weight, 

BMI, and fat mass were observed in each of the cohorts (-0.13 > r > -0.31, 0.02 > p >0.0001). The 

correlations with fat mass are shown in Figure 1, and suggest that the relationships are robust and not 

influenced by outlying data points.  Serum phosphate was also inversely related to diastolic blood 

pressure, lean mass and BMD in Female Cohorts 1 and 2, and to PTH, glucose and insulin in Female 

Cohort 1. PTH and insulin were not measured in Female Cohort 2. 

 

Serum phosphate and adiposity 

The inverse associations between serum phosphate and adiposity were further explored using multiple 

regression analysis to assess the possible role of PTH, which was measured in the Male Cohort and in 

Female Cohort 1. PTH was positively associated with BMI (r=0.24, p=0.004; r=0.22, p=0.003, in the 

respective cohorts) and fat mass (r=0.23, p=0.005; r=0.28, p <0.0001, respectively), and tended to be 

negatively related to serum phosphate (r=-0.08 p=0.31; r=-0.24, p=0.001, respectively). Multiple 

regression with phosphate as the dependent variable demonstrated that the relationship between 

phosphate and fat mass was independent of PTH, though PTH influenced phosphate in Female Cohort 

1 (Table 3). When age and eGFR were added to the models, the results were little changed (Table 3). 
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Serum phosphate and cardiometabolic parameters 

To better understand the other bivariate correlations of serum phosphate shown in Table 2, 

adjustments for fat mass were made. In the Male Cohort, the association between serum phosphate 

and serum glucose was no longer significant after adjusting for fat mass. In Female Cohort 1, the 

associations of serum phosphate with diastolic blood pressure and insulin were no longer significant 

after adjustment for fat mass (p=0.07 for diastolic blood pressure and 0.10 for glucose) but the 

relationship between phosphate and glucose remained significant (p=0.0005). In Female Cohort 2, the 

inverse association between serum phosphate and diastolic blood pressure remained statistically 

significant after adjusting for fat mass (p=0.01). Collectively, these findings suggest that fat mass is 

independently related to both phosphate and to these metabolic parameters, and that this co-

dependence on fat mass mediates much of the apparent correlations between them. 

 

Serum phosphate and skeletal parameters 

Phosphate was negatively correlated with BMD at all sites in Female Cohorts 1 and 2, but not in the 

Male Cohort (Table 2). Because fat mass is a strong predictor of BMD, we adjusted these analyses for 

fat mass, in addition to age, eGFR, and 25-hydroxyvitamin D (Table 4). This was done using 

multivariable models in which phosphate was the dependent variable and the other parameters were 

predictor variables. Adjustment attenuated the relationships between phosphate and BMD, but they 

remained statistically significant at some skeletal sites (Table 4). Of the variables that were adjusted 

for, fat mass had the largest influence on the relationship between phosphate and BMD. The impact of 

adjustment was similar when BMI or weight were used in place of fat mass (data not shown).  

 

Fibroblast growth factor 23 (FGF23) Cohort 

The FGF23 Cohort consisted of 20 women, one of whom was excluded from analysis due to an 

outlying FGF23 level and subsequent diagnosis of primary hyperparathyroidism. For the remaining 

women (n=19), mean (SD) age was 67.3 (3.7) years, body weight 72.8 (11.7) kg, BMI 26.9 (4.1) 

kg/m2, serum phosphate 1.14 (0.18) mmol/L, serum PTH 4.2 (1.0) pmol/L and FGF23 52.6 (12.4) 

pg/mL. FGF23 was significantly associated with both body weight (r=0.60, p=0.007) and BMI 
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(r=0.49, p=0.03) (Figure 2). In this cohort, there were trends towards an inverse correlation between 

BMI and phosphate (r=-0.39, p=0.11), and a positive correlation between BMI and PTH (r=0.35, 

p=0.14), although these did not reach statistical significance because of the much smaller size of this 

cohort.   

 

Discussion 

In the present study, we have demonstrated an inverse association between serum phosphate 

concentrations and measures of adiposity in three cohorts of healthy individuals, and identified that 

this relationship is independent of circulating PTH concentrations. The strong correlation between 

FGF23 and BMI observed in a smaller fourth cohort indicates that this hormone may be a mediator of 

the relationship between serum phosphate and fat mass. We also observed an inverse relationship 

between phosphate and BMD in two female cohorts, which is small in magnitude but appears to 

persist, to some extent, independently of fat mass.  

 

Though the relationship between serum phosphate concentration and measures of adiposity is not 

widely appreciated, there are some corroborative data in the literature which have been largely 

overlooked since these were not the primary endpoints of those studies [14-18]. Lind and colleagues 

assessed 2183 50-year old males, selected from the general population, and observed inverse 

correlations between serum phosphate and both BMI (r=-0.24, p <0.0008) and waist-to-hip ratio (r=-

0.33, P <0.0001). These relationships persisted after adjustment for age, sex and serum creatinine 

[15]. Haglin assessed 2265 adults (1272 women), most of whom were obese, and demonstrated an 

inverse correlation between serum phosphate and BMI in women (r= -0.18, p=0.0001) but not men 

(r=-0.06, p=0.07) [16]. Haap et al assessed 881 healthy adults (540 women) with a family history of 

type 2 diabetes, and found serum phosphate to be negatively correlated with BMI, an association that 

remained significant after adjustment for age and gender (r=-0.17, p <0.0001) [14]. In an analysis of 

46,798 healthy Korean adults (16,568 women), Park and colleagues reported a negative correlation 

between phosphate and both BMI and waist circumference, although the relationship with BMI was 

no longer statistically significant after adjustment for age, sex, and serum calcium [17]. Individuals 
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with metabolic syndrome have been reported to have lower phosphate levels than controls (p <0.0001) 

[19]. Our findings confirm an inverse relationship between serum phosphate and adiposity in cohorts 

of both men and women, spanning a large range of ages.  

 

Because PTH is correlated with fat mass [20], and because PTH directly influences serum phosphate 

concentrations, consideration of PTH status is important when assessing the relationship between 

phosphate and fat mass. In this study, we have shown that variance in PTH accounts for only part of 

the association between serum phosphate and fat mass.  

 

Fibroblast growth factor-23 (FGF23) is a second hormone that regulates serum phosphate. 

This was not assessed in our three primary cohorts, but we have demonstrated, using a 

smaller fourth cohort, that circulating FGF23 levels are related to adiposity. A number of 

pieces of evidence corroborate this finding. In the population-based Swedish MrOS cohort of 

964 men, body weight was positively correlated with FGF23 after adjustment for age (r=0.18, 

P<0.0001) and after further adjustment for indices of mineral metabolism (r=0.20, P<0.0001) 

[21]. Similar relationships were seen with fat mass. In a community-based cohort of 946 70-

year olds from Uppsala, correlations of FGF23 with body weight and fat mass were also 

found (r=0.07, P<0.05) [21]. In 2134 middle-aged men and women from the EPIC-Germany 

cohort, waist circumference and BMI increased across the quartiles of FGF23 [22]. In the 

Health ABC study, a similar significant relationship between quartiles of FGF23 and BMI 

was observed, mean BMI being 26.6 in FGF23 quartile 1 and 28.0 in quartile 4 [23]. Finally, 

in patients with primary hyperparathyroidism, FGF23 levels are related to BMI (P<0.001) 

[24]. Obesity may be causative in these relationships, since leptin directly stimulates FGF23 

expression in primary rat osteoblasts[25], and administration of leptin to ob/ob mice almost 

doubles serum FGF-23 concentrations [26]. The causative role of obesity could also be 

inferred from the effects of weight loss on FGF23. This does not appear to have been 
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comprehensively assessed, but there is a report of 10 obese men who, after non-surgical 

weight loss of 20kg, showed a decline in FGF23 levels of about 20% [27]. PTH and FGF23 

may act together to produce these effects since both are related to weight and both are 

phosphaturic. Their secretion may be inter-dependent, since FGF23 has been shown to 

promote proliferation of parathyroid cells [28], and reduction of PTH levels after 

parathyroidectomy reduces FGF23 levels by about 20% [24].  

 

There are other mechanisms which could contribute to the lower serum phosphate levels of adiposity. 

Overweight individuals tend to have a diet that is high in carbohydrates but low in protein, and 

therefore are more likely to have inadequate phosphate intake [16]. Intracellular phosphate shifts are 

promoted by glucose entry into cells, which is facilitated by insulin release. Many overweight and 

obese individuals develop hyperinsulinemia, which might contribute to lower extracellular phosphate 

concentrations. In keeping with this hypothesis, we identified negative correlations between serum 

phosphate and glucose levels in the Male Cohort, and in Female Cohort 1, as well as an inverse 

relationship between serum phosphate and insulin in Female Cohort 1. As expected, these 

relationships were largely attenuated after adjustment for fat mass. Similarly, in their study of healthy 

Korean adults, Park et al identified an inverse association between serum phosphate and both fasting 

glucose (r=-0.07, p<0.0001) and fasting insulin (r=-0.04, p<0.0001), and these relationships were no 

longer present once analyses were adjusted for BMI [17].  

 

Phosphate is an important component of bone mineral. Adequate local phosphate concentrations are 

required for bone mineralization, and very low phosphate levels are associated with osteomalacia 

[29]. We found inverse associations between serum phosphate and BMD in the two female cohorts 

that were assessed, but not in the cohort of males.  Following adjustment for age, PTH, fat mass, renal 

function, and 25-hydroxyvitamin D, associations between phosphate and BMD were attenuated. 

However, most associations remained statistically significant following these adjustments, suggesting 

that the relationship between phosphate and BMD may also be mediated by other factors.  
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The cross-sectional design of this study precludes conclusions about the direction of causality and the 

mechanisms underlying the observed associations between serum phosphate and measures of 

adiposity and BMD. We were also limited in our ability to assess potential mediators of these 

relationships, as PTH and FGF23 levels were not available in all cohorts. Cross-sectional evaluation 

of large databases can lead to the identification of spurious associations, and assessment of cohorts 

recruited to satisfy specific inclusion and exclusion criteria can introduce selection bias. However, a 

major strength of the present study is its demonstration of consistent relationships between phosphate 

and measures of adiposity in three independent cohorts of men and women. This indicates that our 

findings are unlikely to be spurious and suggests that they are representative of the general 

population. 

 

In conclusion, this study suggests that serum phosphate is associated with markers of adiposity, 

adding substantially to the existing evidence for this. The biological significance of this phosphate-

adiposity relationship remains to be determined, but it is relevant to any other studies that consider 

associations of serum phosphate, and may well represent an unrecognized confounder in some of the 

relationships that have already been described. This study also raises the important question of the 

association between adiposity and FGF23 levels, which requires further exploration, but may explain 

the observed relationship between serum phosphate and fat mass. Finally, it provides another facet to 

the already complicated relationship between bone metabolism and glucose-fat homeostasis. 
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Table 1: Baseline characteristics of three independent cohorts 

 Male Cohort 

(n=323) 

Female Cohort 1 

(n=185) 

Female Cohort 2 

(n=1471) 

Age (y) 

Height (cm) 

Weight (kg) 

BMI (kg/m2) 

 

Dietary calcium intake (mg/d) 

Systolic BP (mmHg) 

Diastolic BP (mmHg) 

 

Phosphate (mmol/L) 

Total calcium (mmol/L) 

PTH (pmol/L) 

eGFR (mL/min/1.73m2) 

25OH vitamin D (nmol/L) 

Glucose (mmol/L) 

Insulin 

 

Fat mass (kg) 

Lean mass (kg) 

Total body BMD (g/cm2) 

Lumbar spine BMD (g/cm2) † 

Femoral neck BMD (g/cm2) 

Total hip BMD (g/cm2) 

56.5 (10.3) 

1.77 (0.07) 

82.7 (12.1) 

26.5 (3.3) 

 

870 (450) 

131 (13) 

78 (8) 

 

1.0 (0.1) 

2.33 (0.09) 

4.06 (1.25)* 

73.3 (10.8) 

92.5 (32.9) 

5.04 (0.48) 

 

 

19.4 (7.6) 

59.4 (6.9) 

1.26 (0.09) 

1.25 (0.16) 

1.01 (0.14) 

1.08 (0.14) 

62.8 (5.8) 

1.62 (0.05) 

68.1 (11.4) 

26.0 (4.2) 

 

1000 (510) 

130 (14) 

82 (9) 

 

1.2 (0.1) 

2.29 (0.08) 

2.96 (1.24) 

66.1 (9.7) 

55.0 (23.2) 

5.03 (0.90) 

10.6 (10.7) 

 

27.8 (8.7) 

36.7 (3.6) 

1.06 (0.08) 

1.07 (0.16) 

0.87 (0.13) 

74.2 (4.2) 

1.59 (0.06) 

66.9 (11.3) 

26.4 (4.2) 

 

860 (390) 

141 (23) 

73 (11) 

 

1.2 (0.1) 

2.32 (0.09) 

 

57.3 (10.0) 

53.5 (17.9) 

5.11 (0.70) 

 

 

27.1 (9.6) 

36.2 (4.1) 

1.03 (0.09) 

1.06 (0.18) 

0.82 (0.12) 

0.86 (0.13) 

 

*151 men in this cohort had PTH levels measured 

†Represents BMD at L2-L4 in Female Cohort 2, and L1-L4 in the other two cohorts 

BMI = body mass index, BP = blood pressure, PTH = parathyroid hormone, eGFR = estimated 

glomerular filtration rate, BMD = bone mineral density 
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Table 2: Correlation coefficients between serum phosphate and other parameters in the three cohorts 

 Male Cohort 

(n=323) 

Female Cohort 1 

(n=185) 

Female Cohort 2 

(n=1471) 

r p-value r p-value r p-value 

Age (y) 

Height (cm) 

Weight (kg) 

BMI (kg/m2) 

 

Dietary calcium intake (mg/d) 

Systolic BP (mmHg) 

Diastolic BP (mmHg) 

 

Total calcium (mmol/L) 

PTH (pmol/L)* 

eGFR (mL/min/17.3m2) 

25OH vitamin D (nmol/L) 

Glucose (mmol/L) 

Insulin 

 

Fat mass (kg) 

Lean mass (kg) 

Total body BMD (g/cm2) 

Lumbar spine BMD (g/cm2) 

Femoral neck BMD (g/cm2) 

Total hip BMD (g/cm2) 

0.06 

-0.07 

-0.15 

-0.13 

 

0.16 

-0.06 

-0.06 

 

-0.02 

-0.08 

0.01 

0.03 

-0.13 

 

 

-0.18 

-0.06 

-0.07 

-0.02 

0.02 

0.00 

0.28 

0.24 

0.007 

0.02 

 

0.004 

0.25 

0.30 

 

0.75 

0.31 

0.90 

0.61 

0.02 

 

 

0.002 

0.29 

0.22 

0.77 

0.78 

0.95 

0.08 

0.03 

-0.29 

-0.31 

 

0.12 

-0.12 

-0.21 

 

-0.10 

-0.24 

-0.05 

0.11 

-0.28 

-0.24 

 

-0.31 

-0.11 

-0.21 

-0.19 

-0.29 

 

0.26 

0.70 

<0.0001 

<0.0001 

 

0.12 

0.18 

0.02 

 

0.22 

0.001 

0.48 

0.24 

0.0002 

0.02 

 

<0.0001 

0.13 

0.005 

0.009 

<0.0001 

 

0.08 

-0.04 

-0.19 

-0.19 

 

-0.02 

-0.04 

-0.09 

 

0.03 

 

0.00 

0.00 

-0.03 

 

 

-0.18 

-0.10 

-0.12 

-0.09 

-0.08 

-0.13 

0.004 

0.16 

<0.0001 

<0.0001 

 

0.47 

0.10 

0.001 

 

0.33 

 

0.95 

0.94 

0.26 

 

 

<0.0001 

<0.0001 

<0.0001 

0.0004 

0.002 

<0.0001 

Significant associations are bolded. 

*151 men in this cohort had PTH levels measured 
BMI = body mass index, BP = blood pressure, PTH = parathyroid hormone, eGFR = estimated glomerular 

filtration rate, BMD = bone mineral density 

r = Pearson’s correlation coefficient 
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Table 3: Parathyroid hormone (PTH) and fat mass as predictors of serum phosphate in two cohorts 

before and after adjustment in a multivariable model* 

 

 Male Cohort Female Cohort 1 

β-coefficient p-value β-coefficient p-value 

Unadjusted Model 

     Fat Mass 

 

Model adjusted for PTH 

     Fat Mass 

     PTH 

 

Model adjusted for PTH, age, eGFR 

     Fat Mass  

     PTH 

     Age 

     eGFR 

 

-0.18 

 

 

-0.21 

-0.04 

 

 

-0.16 

-0.05 

0.17 

0.21 

 

0.002 

 

 

0.01 

0.67 

 

 

0.06 

0.53 

0.06 

0.02 

 

-0.31 

 

 

-0.27 

-0.16 

 

 

-0.27 

-0.17 

0.04 

-0.07 

 

<0.0001 

 

 

0.0004 

0.03 

 

 

0.0005 

0.02 

0.54 

0.31 

 

 

*Based on a multivariable model with serum phosphate as the dependent variable and the other parameters as 

predictor variables. 
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Table 4: Bone mineral density (BMD) as a predictor of serum phosphate in three cohorts before and 

after adjustment in multivariable models* 

 

BMD Site Male Cohort 

(n=323) 

Female Cohort 1 

(n=185) 

Female Cohort 2† 

(n=1471) 

β-coefficient p-value β-coefficient p-value β-coefficient p-value 

Unadjusted Model 

      Total body  

      Lumbar spine 

      Femoral neck 

      Total hip 

       

 

Adjusted Model 

      Total body  

      Lumbar spine 

      Femoral neck 

      Total hip      

  

 

-0.07 

-0.02 

0.02 

0.00 

 

 

 

0.01 

0.04 

0.13 

0.10 

 

0.22 

0.77 

0.78 

0.95 

 

 

 

0.93 

0.59 

0.14 

0.26 

 

-0.21 

-0.19 

-0.29 

 

 

 

 

-0.12 

-0.23 

-0.26 

 

0.005 

0.009 

<0.0001 

 

 

 

 

0.27 

0.02 

0.02 

 

-0.12 

-0.09 

-0.08 

-0.13 

 

 

 

-0.06 

-0.05 

-0.04 

-0.07 

 

<0.0001 

0.0004 

0.002 

<0.0001 

 

 

 

0.03 

0.09 

0.14 

0.007 

 

*Data are from a multivariate model in which serum phosphate is the dependent variable and BMD, parathyroid 

hormone (PTH), age, fat mass, estimated glomerular filtration rate (eGFR), and 25-hydroxyvitamin D are 

independent variables. Separate regression analyses were carried out for the four skeletal sites. PTH levels were 

not assessed in Female Cohort 2, so adjusted correlations reported for this cohort do not include adjustment for 

PTH. 
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Figure 1: Relationship between serum phosphate and fat mass in three independent cohorts, (a) Male 

Cohort (n=323), (b) Female Cohort 1 (n=185), and (c) Female Cohort 2 (n=1471). 
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r = Pearson’s correlation coefficient

 

 

Figure 2: Relationship between fibroblast growth factor 23 (FGF23) and both weight (top) and body 

mass index (BMI, bottom) in a cohort of healthy postmenopausal women (n=19).  

r = Pearson’s correlation coefficient 

 

 

 


