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Abstract:

 Background: High intakes of dietary phosphorus (P), relative to calcium (Ca) intake, are associated with a lower calcium:phosphorus ratio (Ca:P) ratio which potentially has adverse health effects, including arterial calcification, bone loss, and death. A substantial percentage of older adults (50 to 70 and 71 plus years) who have a higher risk of fracture rate than younger adults typically have low intakes of dietary Ca that are dominated by higher intakes of dietary P from natural and fortified foods, and lower Ca:P ratios than desirable. Objective: This investigation was undertaken to examine Ca and P intakes and the resulting Ca:P ratios (by mass) across gender and older adult age groups, using data from the National Health and Nutrition Examination Survey (NHANES) 2005–2006. Design: NHANES data are based on a cross-sectional sample of the non-institutionalized United States (US) population within various regions. This sample is selected to be representative of the entire US population at all ages. National Cancer Institute (NCI) methods and SAS survey procedures were used for analyses. Ca:P ratios were calculated using total Ca from both foods and supplements, whereas P intakes were calculated from food composition values and supplements. The amounts of P additives in processed foods are not available. Results: Mean Ca and P intakes demonstrated lower intakes of Ca and higher intakes of P compared to current Recommended Dietary Allowances (RDAs). The Ca:P ratios in older male and female adults were influenced by both low-Ca and high-P dietary consumption patterns. Conclusions: Both low total Ca intakes and high P amounts contribute to lower Ca:P ratios, i.e., ~0.7:1.0, in the consumption patterns of older adults than is recommended by the RDAs, i.e., ~1.5:1.0. Whether Ca:P ratios lower than recommended contribute to increased risk of bone loss, arterial calcification, and all-cause mortality cannot be inferred from these data. Additional amounts of chemical P additives in the food supply may actually reduce even further the Ca:P ratios of older adults of both genders, but, without P additive data from the food industry, calculation of more precise ratios from NHANES 2005–2006 data is not possible.
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1. Introduction

Recent studies of older US adults show that calcium (Ca) intakes from foods and supplements have been close to current recommended dietary allowances (RDAs) for men and women over 50 years of age [1]. Dietary phosphorus (P) intakes, on the other hand, have been shown to greatly exceed current gender-specific RDAs [2]. The intakes of P, however, may be even greater than reported because information on phosphorus food additives is not available to scientists or the public for use in generating total P amounts in the diet [3,4]. As a consequence, only broad estimates of calcium-to-phosphorus (Ca:P) ratios consumed in the US are possible.

Previous investigations generated evidence that a low Ca:P dietary ratio may have an adverse effect on the skeleton because a high P intake leads to a chronically elevated serum parathyroid hormone (PTH) concentration which presumably increases the loss of bone mineral content and density [5,6,7]. Prolonged use of a low Ca:P diet has been considered an important risk factor that contributes to skeletal fractures [6,7,8]. In addition, a high-P diet has been suggested as a risk factor for increased mortality related to cardiovascular disease [9]. High serum P concentration resulting from chronic high P intake has been found to be associated with an increased risk of mortality in individuals with normal renal function [10].

The objective of this analysis is to estimate Ca:P ratios for older American adults, even though the P dietary intake data does not include the amounts of P additives used in food processing. Since high P intakes in typical US diets (3) exceed current RDAs, they drive down the Ca:P ratio and may contribute to adverse health effects, including mortality.



2. Methods

In this analysis of dietary intakes of Ca and P according to United States Department of Agricultural (USDA) tables of food composition [11], observations from the 2005–2006 National Health and Nutrition Examination Survey (NHANES) cycle [12] were used. Of the 2214 participants eligible for this study, only 1992 participants remained for the analysis after exclusion of 222 subjects with missing values, zero Ca, zero P, or Ca:P greater than 5.0.

Ca:P ratios were calculated from the NHANES dietary intake and supplement data using mass units for both Ca and P. NHANES used dietary supplement questionnaires for collection of frequency, type, and amount taken in the past 30 days for each supplement for which averages were calculated. Dietary consumption data were collected using two 24-h recalls, one by the mobile examination center and the other by telephone.

We used the National Cancer Institute (NCI) procedures for the primary analysis of the distribution of nutrient intake for Ca, P, and Ca:P ratios. This consists of sets of macros (based on non-linear mixed models) developed to estimate the population distribution of usual intakes from 24-h dietary recalls. Secondary analysis was done using the SAS SURVEYMEANS procedure [13] for the study participants. The DOMAIN statement produced the estimates for age (50–70 and 71+) and gender (male and female) subpopulations [13]. This procedure is primarily a derivative of Taylor expansion, since sampling error estimates are based on complex sample design [14]. Because of the complex sampling design employed by NHANES in obtaining the survey data, weights were used to account for bias (nonresponse) and the unequal probability of sample selection. SAS version 9.4 (TS1M1 SAS Institute Inc., Cary, NC, USA) was used in all analyses. Stratum adjustment for center by NHANES was used in the estimation process.



3. Results

Figure 1, Figure 2 and Figure 3 present the estimates of Ca, P, and Ca:P ratio, respectively, across gender and age group. Older adults (71+) for both sexes have lower intakes of Ca and P but a higher Ca:P ratio than the younger groups (Figure 3). Looking at variability, older age groups for both sexes have lower variability for Ca and P but higher variability for Ca:P ratio.

Figure 1. Summary and distributions of total calcium intake with RDAs. Histograms showing the distribution of total calcium intake including supplemental consumption by gender and age group with vertical lines representing RDA amounts. 57.00% of younger males consume more than 800 mg of Calcium per day, 13.00% more than females of the same age group, plots A and C. Only 42.69% of older males consume more than 1000 mg of calcium per day, 7.61% less than that consumed by older females, plots B and D.
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Figure 2. Summary and distributions of total phosphorus intake with RDAs. Histograms showing the distribution of phosphorus by gender and age group with vertical lines representing RDA amounts. Only 1.68%, 3.26%, 6.51% and 8.08% of the younger males, older males, younger females, and older females respectively consume less than the RDA of 700 mg of Phosphorus per day.
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Figure 3. Summary and distributions of estimated Ca:P ratio. Histogram showing the distribution of Ca:P ratio by gender and age group with vertical line representing the mean Ca:P ratio based on Ca and P RDAs (by mass). More than 98.32% of the younger males had Ca:P ratios less than the calculated RDA value of 1.43, plot A. Older males had a similar percentage below their calculated RDA-based ratio of 1.71, plot C. Among females, 93.64% of the younger group and 92.22% of the older group had a Ca:P ratio lower than the calculated RDA value of 1.71.
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The age- and gender-specific RDAs for each nutrient are shown on Figure 1 and Figure 2. “Recommended” RDAs for Ca:P ratio (by mass) were calculated from the nutrient RDAs for the age and gender groups and are found on Figure 3. Figure 1 shows that only about 57% of younger males consume 800 mg or more of Ca per day, and only 44% of younger females consumed 1000 mg or more of Ca per day. Percentage meeting the daily requirement is even worse for the older adults. Only about 43% of older males consume 1000 mg or more of Ca per day compared to about 51% of older females. Figure 2 shows that only 1.68%, 3.26%, 6.51% and 8.08% of the younger males, older males, younger females, and older females respectively consume 700 mg or less of P per day compared to the RDA estimate.

Sensitivity analyses were conducted, first with removal of all the extreme values (values such as zero grams of Ca and values of Ca or P greater than 4500 mg per day), and second, with the data in moles instead of grams. In both analyses, our conclusions and findings were consistent with the primary analysis as Ca:P ratio remained relatively unchanged. These results were much worse when we considered only dietary Ca intake without any supplements.

Additionally, we used the SAS SURVEYMEANS procedure to analyze the within person variability among variables and found that the results were highly consistent with our findings. The mean estimates were exactly the same with just the variability for each age group and gender slightly lower for Ca consumption and P consumption and mostly identical for Ca:P ratio.



4. Discussion

Females within both age groups (50–70 and 71+) had higher mean total Ca intakes, including supplements, than males (Figure 1). These findings contrasted with lower P intakes by females than by males in both age groups. Based on gender intake differences, higher Ca:P ratios were found for women than men in both older adult groups.

Whether the observed higher Ca:P ratios of older females, compared to younger females, contribute to healthier bone mineral density (BMD) measurement and potentially lower fracture rates have not been demonstrated. The lower dietary Ca:P ratios in older men compared to older women seem to have little or no bearing on risk of fractures or death, but the long-term prospective effects of low Ca:P ratios in men and women have not been investigated.

Supplemental Ca consumption which was much greater in older women of both age groups than for men is the major reason for the higher mean Ca:P ratios, but to a lesser degree the consumption of foods with greater Ca content also contributed. Older men consumed more P-rich foods, especially meats, than older women. However, fracture rates resulting from low bone mass are known to be much lower in males than females of both age groups, despite greater consumption of additive phosphate salts used in meats and other foods by men. Based on this finding, Ca:P ratio seems to have limited utility for assessing risk of skeletal fractures in old age.

Concerns about excessive P intakes extend beyond the potential adverse skeletal effects of a persistently elevated parathyroid hormone concentration [8]. The complex homeostatic mechanisms regulating serum Ca and P concentrations may be significantly challenged by chronically high intakes of P. Repetitive hormonal adaptations relating to elevated post-meal serum concentrations of phosphate ions may signal cells to calcify in pathologically damaged arterial and heart valvular walls.

Vascular calcification may result from excessive dietary P consumption from foods and food additives, as demonstrated in cell models [15,16,17,18,19,20,21]. Our results provide no insight on this phenomenon, but high P intake patterns, especially those ingesting more than 1400 mg per day, have been shown to increase all-cause mortality of otherwise healthy US adults in an analysis of NHANES III data, perhaps in part because of arterial calcification [9] and in general [10]. Several chronic diseases are considered to be affected by high P intakes, although mechanisms have not been established [22].

A major limitation of this study is that no causal effect of a low Ca:P ratio on adverse health effects can be established. Rather, a potential sequence of associations can be drawn from the data analyses presented: excessive phosphorus intakes, inadequate calcium in the diet, or low Ca:P ratio may contribute to higher levels of serum phosphate concentration, post-intake increases of PTH secretion, increased risks of vascular pathology, a decline in bone mass and strength, and increased mortality of both men and women, even among those who are generally considered healthy. Stratified analyses for race and economic status were not performed on this representative sample of elders. We assumed that all participants were exposed to natural foods that contains phytate, a partial inhibitor of intestinal Ca absorption. In addition, the results of this analysis would change if RDA values for either or both Ca and P were revised by the Institute of Medicine (IOM).

Prospective randomized controlled trials of experimental subjects fed diets containing different Ca:P ratios are needed to clarify the concerns about potential adverse skeletal effects and fractures resulting from the consumption of low Ca:P ratio diets. Additional research is needed to examine the relationship between Ca:P ratio and potential health effects on bone mineral density.



5. Conclusions

Ca:P ratios based on food consumption patterns of older males and females illustrate the wide variability of these two micronutrients used for maintaining bone health and other functions. The intake ratios are not in congruence with Ca:P ratios, i.e., ~2:1, based on recommended intakes of Ca and P, according to the current RDAs. Because of widespread use of calcium supplements, older women, in both the 50–70 and 71-plus year age range, have higher Ca:P ratios than men of both age groups. Adults have missed attaining the recommended intakes of Ca and P across older age groups and gender. As a result, they tend to have low Ca:P ratios. Whether these lower Ca:P ratios have adverse effects regarding bone fracture or vascular calcification remains unclear and requires further investigation. Lowering P intake is clearly recommended for older adults so that any of these potential risks of adverse effects of low Ca:P ratios, including mortality, may be reduced.






Acknowledgments

Our Health Science Library staff, especially Max Bowman, has been very helpful in searching for references.



Author Contributions

Main Author: Reuben Adatorwovor. Planning Manuscript: John J.B. Anderson. Write up: John J.B. Anderson, Reuben Adatorwovor, and Kathy Roggenkamp. Statistical Analysis: Reuben Adatorwovor and Kathy Roggenkamp.



Conflicts of Interest

The authors of this paper have acknowledged that we have no family relations or professional associates who had any form of financial interest in this publication. We do not have any form of financial interest in regards to expert witness, advisor, consultant, or public advocate. There is no form of support including grants, scholarships, etc. and employment associated with this manuscript.



References


	1. 
Bailey, R.L.; Dodd, K.W.; Goldman, J.A.; Gahche, J.J.; Dwyer, J.T.; Moshfegh, A.J.; Sempos, C.T.; Picciano, M.F. Estimation of total usual calcium and vitamin D intakes in the United States. J. Nutr. 2010, 140, 817–822. [Google Scholar] [CrossRef] [PubMed]

	2. 
Calvo, M.S.; Uribarri, J. Public health impact of dietary phosphorus excess on bone and cardiovascular health in the general population. Am. J. Clin. Nutr. 2013, 98, 6–15. [Google Scholar] [CrossRef] [PubMed]

	3. 
Calvo, M.S.; Park, Y.K. Changing phosphorus content of the U.S. diet: Potential for adverse effects on bone. J. Nutr. 1996, 126 (Suppl. 4), 1168S–1180S. [Google Scholar] [PubMed]

	4. 
Calvo, M.S.; Tucker, K.L. Is phosphorus intake that exceeds dietary requirements a risk factor in bone health? Ann. N. Y. Acad. Sci. 2013, 1301, 29–35. [Google Scholar] [CrossRef] [PubMed]

	5. 
Calvo, M.S.; Kumar, R.; Heath, H., III. Persistently elevated parathyroid hormone secretion and action in young women after four weeks of ingesting high phosphorus, low calcium diets. J. Clin. Endocrinol. Metab. 1990, 70, 1334–1340. [Google Scholar] [CrossRef] [PubMed]

	6. 
Kemi, V.E.; Rita, H.J.; Karkkainen, M.U.M.; Viljakainen, H.T.; Laaksonen, M.M.; Outila, T.A.; Lamberg-Allardt, C.J. Habitual high phosphorus intakes and foods with phosphate additives negatively affect serum parathyroid hormone concentration: A cross-sectional study on healthy premenopausal women. Public Health Nutr. 2009, 12, 1885–1892. [Google Scholar] [CrossRef] [PubMed]

	7. 
Kemi, V.E.; Karkkainen, M.U.M.; Rita, H.J.; Laaksonen, M.M.; Outila, T.A.; Lamberg-Allardt, C.J. Low calcium:phosphorus ratio in habitual diets affects serum parathyroid hormone concentration and calcium metabolism in healthy women with adequate calcium intake. Br. J. Nutr. 2010, 103, 561–568. [Google Scholar] [CrossRef] [PubMed]

	8. 
Anderson, J.J.B.; Klemmer, P.J.; Sell Watts, M.L.; Garner, S.C.; Calvo, M.S. Phosphorus. In Present Knowledge in Nutrition, 9th ed.; Bowmn, B.A., Russell, R.M., Eds.; International Life Sciences Institute (ILSI) Press: Washington, DC, USA, 2006. [Google Scholar]

	9. 
Chang, A.R.; Lazo, M.; Appel, L.J.; Gutiérrez, O.M.; Grams, M.E. High dietary phosphorus intake is associated with all-cause mortality: Results from NHANES III. Am. J. Clin. Nutr. 2014, 99, 320–327. [Google Scholar] [CrossRef] [PubMed]

	10. 
De Boer, I.H.; Rue, T.C.; Kestenbaum, B. Serum phosphorus concentration in the Third National Health and Nutrition Examination Survey (NHANES III). Am. J. Kidney Dis. 2009, 53, 399–407. [Google Scholar] [CrossRef] [PubMed]

	11. 
Gebhardt, S.E.; Thomas, R.G. Nutritive Value of Foods; U.S. Department of Agriculture: Beltsville, MD, USA, 2002.

	12. 
Centers for Disease Control. Dietary Interview—Total Nutrient Intakes, 2005–2006 NHANES; Data Release; Centers for Disease Control: Atlanta, GA, USA, 2008.

	13. 
Fuller, W.A. Regression analysis for sample surveys. Sankhya C 1975, 37, 117–132. [Google Scholar]

	14. 
Woodruff, R. A simple method for approximating the variance of a complicated estimate. J. Am. Stat. Assoc. 1971, 66, 411–414. [Google Scholar] [CrossRef]

	15. 
Institute of Medicine. Dietary Reference Intakes: Calcium, Vitamin D; National Academies Press: Washington, DC, USA, 2011. [Google Scholar]

	16. 
Looker, A.C.; Borrud, L.G.; Dawson-Hughes, B.; Shepherd, J.A.; Wright, N.C. Osteoporosis or low bone mass at the femur neck or lumbar spine in older adults: United States, 2005–2008. NCHS Data Brief 2012, 93, 1–8. [Google Scholar] [PubMed]

	17. 
Khosla, S. Update in male osteoporosis. J. Clin. Endocrinol. Metab. 2010, 95, 3–10. [Google Scholar] [CrossRef] [PubMed]

	18. 
Giachelli, C.M. The emerging role of phosphate in vascular calcification. Kidney Int. 2009, 75, 890–898. [Google Scholar] [CrossRef] [PubMed]

	19. 
Giachelli, C.M. Vascular calcification: In vitro evidence for the role of inorganic phosphate. J. Am. Soc. Nephrol. 2003, 14 (Suppl. 4), S300–S304. [Google Scholar] [CrossRef] [PubMed]

	20. 
Demer, L.L.; Tintut, Y. Vascular calcification: Pathobiology of a multifaceted disease. Circulation 2008, 117, 2938–2948. [Google Scholar] [CrossRef] [PubMed]

	21. 
Shanahan, C.M.; Crouthamel, M.H.; Kapustin, A.; Giachelli, C.M. Arterial calcification in chronic kidney disease: Key roles for calcium and phosphate. Circ. Res. 2011, 109, 697–711. [Google Scholar] [CrossRef] [PubMed]

	22. 
Anderson, J.J.B. Potential health concerns of dietary phosphorus: Cancer, obesity, and hypertension. Ann. N. Y. Acad. Sci. 2013, 1301, 1–8. [Google Scholar] [CrossRef] [PubMed]





© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons by Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  nutrients-07-05492


  
    		
      nutrients-07-05492
    


  




  





media/file0.png
Percent

Males Females
25 800 Plot A 1000 Plot c
N 654 N 640
Mean 1122 o Mean 1181
20 SD 62209 SD 65849
C
~
15 g
10 ¢
<
5
[ —
0
25 1000 Plot ] 000 Plot D
N 367 N 331
= Mean 1077 Mean 1160
20 SD  587.04 SD  625.02
+
15| ~
Q
5
3
10 g
2
5 |
0 —
T T T T T T T T
0 1000 2000 3000 4000 0 1000 2000 3000 4000

N=sample size,

Calcium Intake (mg)






media/file1.png
Percent

Males Females
30~ 700 Plot A 700 Plot c
N 654 m N 640
Mean 1515 Mean 1123
25 SD 55888 | SD 392,01
20 [] N
=)
w
15 3
<}
5}
10 %
5-
0
30 700 Plot B 700 Plot D
N 367 N 331
Mean 1271 e Mean 1049
25 o SD 45888 SD 36237
20 | +
~
15~ 3
[}
[}
10~ 2
5
0
T T T (— T T T
1000 2000 3000 4000 © 1000 2000 3000 4000

N=sample size,

Phosphorus Intake (mg)






media/file2.png
Percent

Males

Females

Plot A

N 654
Mean 073
SD  0.2818

Age Group 71+

N=sample size,

T T T T
4 50 1

Calcium Phosphorus Ratio






