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Abstract

Background—Little is known about the effects of phosphorus additives on patients with kidney
disease.

Study Desigh—Randomized, double-blind, cross-over trial

Setting & Participants—31 adults with early stages of presumed chronic kidney disease
(estimated glomerular filtration rate [eGFR] = 45 ml/min/1.73m2; urine albumin-creatinine ratio
[ACR] sex-specific cut points: men = 17 mg/g, women = 25 mg/qg).
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Intervention—Higher vs lower phosphorus intake for 3 weeks. Higher phosphorus intake was
achieved by addition of commercially available diet beverages and breakfast bars to diet.

Outcomes—Change in 24-hour urine albumin excretion and plasma fibroblast growth factor 23

Measurements—Two 24-hour urine collections and a single fasting blood draw at the end of
each period.

Results—Mean baseline values of phosphorus intake, 24-hour urine phosphorus excretion, and
eGFR were 1113 + 549 (SD) mg/d, 688 + 300 mg/d, and 74.6 + 22.0 ml/min/1.73m2. Median
albuminuria was 82.7 (IQR, 39.6-174.1) mg/d. While phosphorus intake from study products
increased by 993 mg/d (p<0.001) during the higher compared to lower phosphorus additive period,
background phosphorus intake decreased by 151 mg/d (p=0.004). Higher phosphorus additive
consumption increased 24-hour urine phosphorus excretion by 505 (95% ClI, 381-629) mg/d
(p<0.001), but did not significantly increase albuminuria (higher vs lower: 14.3%; 95% CI, —2.5%
to 34.0%; p=0.1) or fibroblast growth factor 23 (higher vs lower: 3.4%; 95% CI, —=5.9% to 13.6%;
p=0.4).

Limitations—Small sample size, short duration of intervention, changes in background diet
during the intervention

Conclusions—A 3-week consumption of higher phosphorus food additives did not significantly
increase albuminuria. Further studies are needed to confirm these results.

Keywords

phosphorus intake; phosphate; albuminuria; urine albumin excretion; proteinuria; fibroblast growth
factor 23 (FGF-23); nutrition; chronic kidney disease (CKD); parathyroid hormone (PTH); diet;
modifiable risk factor; randomized controlled trial

Phosphorus additives are commonly used by the food industry to decrease preparation time,
improve taste, and extend the shelf-life of processed foods. 1 Phosphorus additives can be
found in 40%-50% of top-selling grocery items, 2 are highly absorbable, 3 and may have
greater physiologic effects than phosphorus from natural sources. 4 While these additives are
deemed GRAS (generally regarded as safe) by the US Food and Drug Administration, recent
studies have raised concerns that high phosphorus intake could have detrimental effects on
health. >/

Phosphorus additives contribute significantly to total phosphorus intake. According to 2009—
2010 NHANES (National Health and Nutrition Examination Survey) data, mean estimated
phosphorus intake is 1655 mg/d in men and 1190 mg/d in women. 8 While these estimates of
phosphorus intake are more than double the estimated average requirement of 580 mg/d,
they remain far below the tolerable upper level (UL) (4000 mg/d), defined as the highest
level of consumption likely to cause no adverse health effects.  In patients with chronic
kidney disease (CKD), restriction of phosphorus intake is only advised in patients who
develop hyperphosphatemia according to the KDIGO (Kidney Disease: Improving Global
Outcomes) CKD guideline. 10
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High phosphorus intake can stimulate secretion of fibroblast growth factor 23 (FGF-

23), 1112 3 phosphaturic hormone that has been linked to left ventricular hypertrophy and
increased risk of heart failure and death. 13:14 Consuming a high phosphorus load can
acutely raise serum phosphorus levels, and impair endothelial function in individuals with
normal kidney function. 1° Other potential adverse health effects include raising parathyroid
hormone (PTH) levels and disturbing bone mineral metabolism. 616 In animal models, high
phosphorus intake can cause calcium deposition in the kidney, proximal tubular injury, and
albuminuria. 17-19 Previously, we reported a direct association between changes in 24-hour
urine phosphorus excretion and albuminuria that persisted even with adjustment for
differences in protein intake. 20

Given that little is known about the effect of phosphorus intake on albuminuria in humans,
we conducted a randomized, crossover trial to determine the effects of higher versus lower
intake of phosphorus additives on urinary albumin excretion and FGF-23.

The Study of Dietary Additive Phosphorus on Proteinuria and FGF-23 (SODA-POP) was a
single-center, randomized, double-blind, two-period cross-over study funded by the
American Heart Association and the National Kidney Foundation. We recruited participants
at the Johns Hopkins Prohealth Clinical Research Unit, a community-based research clinic
in Baltimore, MD. The Johns Hopkins University institutional review board approved the
protocol (NA_00082089). Each participant provided written, informed consent.

Trial participants were adults with early stages of presumed CKD (albuminuria and eGFR =
45 ml/min/1.73m?2 by the CKD-EPI creatinine equation). 21 We selected this cut point
because current guidelines recommend phosphorus restriction in the setting of
hyperphosphatemia, a complication which rarely occurs above an eGFR of 45 ml/min/
1.73m?2- 1022 Albuminuria was defined using sex-specific cut points for albumin-creatinine
ratio (ACR): men, = 17 mg/g; women, = 25 mg/g. 23 Main exclusion criteria included blood
pressure = 160/100 mm Hg; recent change in blood pressure medications; random glucose =
250 mg/dL; urine ACR > 1000 mg/g; glomerulonephritis; primary hyperparathyroidism;
systemic diseases affecting calcium or phosphorus levels; abnormal serum phosphorus or
calcium concentrations; phenylketonuria; consumption of = 14 alcoholic drinks per week;
use of phosphorus binders, antacids (long-term), phosphorus supplements, or high dose
vitamin D (> 5,000 U/d); and participation in another clinical trial influencing diet or blood
pressure.

Primary recruitment strategies included mass mailing of study brochures to individuals with
self-reported type 2 diabetes in neighboring zip codes and to past and current participants of
other research studies. The first participants began the protocol in February 2014, and the
last participant completed the study in September 2015.
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Participant Flow

Participants underwent two study visits to determine eligibility as well as a 1-week run-in
period to ensure they could tolerate and adhere to the provided diet beverages and breakfast
bars (Figure 1). Participants who remained interested in continuing the study were then
randomized to 1 of 2 intervention sequences. Randomization assignments were generated by
a computer program, and an unblinded staff member opened a sealed, opaque envelope with
the randomized intervention sequence. Participants, research staff in direct contact with
participants, and investigators remained blinded throughout the study. Each intervention
period lasted 3 weeks with a washout period of 2—4 weeks between feeding periods.

Higher and Lower Phosphorus Additive Periods

We advised all participants to avoid phosphorus additives in their diet in both study periods
so that participants would not consume more than the UL of 4000 mg/d. To achieve a
sufficient contrast in phosphorus intake between study periods, we provided participants
with 1 commercially-available breakfast bar and 64 oz of orange-colored diet beverages per
day (Table 1). Products were similar in appearance in both study arms, but differed by the
presence or absence of phosphorus additives. Diet beverage powder mixes were repackaged
into containers without labels; breakfast bars were given in their original packaging to
preserve freshness.

We measured phosphorus content of the products by ashing samples at high temperature,
digesting them in acid, and using inductively coupled plasma atomic emission spectrometry
at Medallion Laboratories Inc (Minneapolis, MN). The mean daily amounts of phosphorus
provided by the phosphorus additive-containing beverage and breakfast bar were 804 + 99
mg/d and 205 + 5 mg/d, respectively, compared to 0 £ 0 mg/d and 11 + 2 mg/d for their
respective phosphorus additive—free counterparts. This resulted in a difference in study
product phosphorus content of 998 mg/d (Table 1). 24 Manufacturer-reported content of
other macronutrients and micronutrients is shown in Table 1. Notably, study products with
phosphorus additives contained 1050 mg/d of calcium whereas study products without
phosphorus additives contained 800 mg/d of calcium. Both the products with and without
phosphorus additives contained substantial amounts of ascorbic acid (489 and 480 mg/d,
respectively).

Measurements

We masked participants and study staff involved in collection of outcome data to the
randomization sequence. At baseline and at the end of each intervention period, we collected
two 24-hour urine samples and one fasting blood sample. We asked participants to repeat 24-
hour urine collections if they missed more than 1 void or collected < 500 ml of urine. Urine
albumin was measured by a local laboratory (Quest Diagnostics) using an
immunoturbidimetry assay. Blood samples were collected and centrifuged, with serum and
plasma aliquots stored at —70°C. Fasting plasma samples were sent on dry ice to the
University of Miami, where FGF-23 were measured using a second-generation carboxy-
terminal assay (Immutopics, Santa Clara, CA), and PTH was measured using an intact PTH
assay (Roche, Indianapolis, IN).
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To assess changes in background diet during the study, the Johns Hopkins Institute for
Clinical and Translational Research Nutrition Core administered 24-hour telephone dietary
recalls twice to assess baseline intake, and then twice weekly during each intervention
period (6 per period) using the US Department of Agriculture (USDA) Multiple Pass
Method. 25 During these phone calls, we asked participants about their adherence to
consumption of the breakfast bars and diet beverages.

Blood pressure was measured at 3 visits during the screening phase, and at the end of weeks
1, 2, and 3. At each visit, 3 readings were obtained in the seated position by trained and
certified observers after 5 minutes of rest with an Omron HEM-907 device (Omron
Healthcare Inc, Bannockburn, 1I) using a standardized protocol. Baseline and end-of-period
blood pressure were the average of all available measurements taken during each period.
Height and weight were measured using standardized protocols.

Analytic Considerations

Sample size for this study was calculated using the xsampsi module in STATA, based on a
previous study with repeat 24-hour urine collections (standard deviation, 1.04). 20 At an a
level of 0.05, we anticipated that a sample size of 30 participants with mean albuminuria of
100 mg/d would result in >80% power to detect a 13% difference in log- transformed
albuminuria between the higher and lower phosphorus additive periods. Using data from a
previous study with repeat carboxy-terminal FGF-23 measurements (standard deviation, 11
RU/ml), we anticipated that we would have >80% power to detect a 6 RU/ml difference in
FGF-23.26

Co-primary outcomes were comparison of end-of-period albuminuria (mean of two 24-hour
urine collections) and end-of-period FGF-23. Other outcomes investigated included blood
pressure and intact PTH. Distributions of outcome variables were evaluated for normality;
albuminuria, intact PTH, and FGF-23 were log-transformed. Main analyses were intention-
to-treat using mixed effects models allowing intercepts to vary for each individual.
Carryover effects were examined by using treatment by assignment-order interaction terms.
Pre-specified sensitivity analyses were conducted excluding patients who were non-
compliant, prior to data analysis. In the first sensitivity analysis, we excluded patients who
were deemed non-compliant, based on missing product pickups and follow-up visits; this
was determined by blinded members of the research team. In the second sensitivity analysis,
we excluded patients who were suspected to be poorly compliant based on 24-hour urine
phosphorus excretion data (< 250 mg difference between the higher and lower period).

Pre-specified subgroups included above and below median values of eGFR, albuminuria,
and 24-hour urine phosphorus, and serum phosphorus. For each outcome, a p value < 0.05
was considered statistically significant without adjustment for multiple comparisons. All
analyses were performed using STATA version 13.1 (StataCorp LP, College Station, TX).
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Study Participants

Out of 116 prescreened participants, 83 were ineligible, with the most common reason being
no albuminuria; 33 patients were eligible and started the run-in period (Figure 2). During
run-in, one patient withdrew because of difficulty drinking the prescribed diet beverage, and
another patient withdrew due to high blood pressure; 31 participants were randomized.

Mean age was 66.0 years, 32% were female, 90% were black, 87% had hypertension, and
48% had diabetes (Table 2). Mean baseline values of eGFR, serum phosphorus, and calcium
were 74.6 + 22.0 (standard deviation) ml/min/1.73m2, 3.57 + 0.45 mg/dL, and 9.48 + 0.29
mg/dL, respectively. Median values of albuminuria, FGF-23, and intact PTH were 82.7
(IQR, 39.6-174.1) mg/d, 129.6 (IQR, 101.8-158.5) RU/mI, and 50.7 (IQR, 35.2-62.7)
pg/ml. At baseline, mean dietary phosphorus intake was 1113 + 549 mg/d and mean 24-hour
urine phosphorus excretion was 688 + 300 mg/d (Table 3).

Changes in Phosphorus and Calcium Excretion During Study Periods

Compared to the baseline period, phosphorus excretion increased by 343 (95% confidence
interval [CI], 227-458) mg/d (p<0.001) during the higher phosphorus additive period and
decreased by 162 (95% ClI, 88 to 237) mg/d (p<0.001) during the lower phosphorus additive
period; the difference between higher and lower phosphorus additive periods was 505 (95%
Cl, 381-629) mg/d (p<0.001; Table 3). Calcium excretion tended to increase during both the
higher phosphorus additive period (8.0 [95% Cl, —4.9 to 20.9] mg/d; p=0.2) and the lower
phosphorus additive period (31.8 [95% CI, 14.3 to 49.2] mg/d; p<0.001); calcium excretion
was 23.7 (95% Cl, —45.4 to —2.0) mg/d lower during the higher phosphorus additive period
compared to the lower phosphorus additive period (P=0.03).

Self-reported Compliance, Background Diet, and Adverse Effects During Study Periods

Participants reported excellent adherence to use study products, resulting in an estimated
993 (95% ClI, 985-1002) mg/d difference in phosphorus intake from the 2 sets of study
products (P<0.001). However, 2 of the 31 patients were non-compliant, as evidenced by
multiple missed visits to pick up food/beverage products. Among all participants,
background phosphorus intake, assessed by multiple 24-hour dietary recalls, was lower
during the higher phosphorus additive period compared to the lower phosphorus additive
period (=151 [95% CI, —252 to —49] mg/d; p=0.004) as was total protein intake (-8.0 [95%
Cl, -14.7 to -1.2] g/d; p=0.02). Reported adverse effects were similar during the two
periods with gastrointestinal complaints frequently reported in both the higher phosphorus
additive period (61%) and the lower phosphorus additive period (68%).

Effect of Higher Phosphorus Additive Consumption on Study Outcomes

Albuminuria did not increase significantly with higher phosphorus additive consumption
(change of 14.3%; 95% ClI, —2.5% to 34.0%; p=0.1; Figure 3, Table 4). Higher phosphorus
additive consumption also had no effect on FGF-23 (change of 3.4%; 95% CI, —=5.9% to
13.6%; p=0.4), but did increase intact PTH by 15.9% (95% ClI, 3.8%-29.5%; p=0.01; Figure
3, Table 4). Higher phosphorus additive consumption had no effect on serum phosphorus
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(change of —0.10 [95% CI, —0.29 to 0.09] mg/dL; p=0.3), systolic (-1.1 [95% CI, —-4.1 to
1.9] mm Hg; p=0.5) or diastolic (-0.8 [95% CI, —2.7 to 1.0] mm Hg; p=0.4) blood pressure.
We detected no significant carryover effect of phosphorus additive supplementation on
albuminuria or other outcomes.

Sensitivity Analyses

In our first sensitivity analysis excluding 2 patients who were non-compliant with product
pick-ups and follow-up visits, higher phosphorus additive consumption increased
albuminuria by 17.3% (95% ClI, 0.08%-37.5%), though this was of borderline significance
(p=0.05). In our second sensitivity analysis excluding 6 patients who had < 250 mg/d
difference in 24-hour urine phosphorus excretion between the higher and lower phosphorus
periods, higher phosphorus additive consumption significantly increased albuminuria by
23.7% (95% Cl, 4.6%—46.3%; p=0.01).

Findings were largely unchanged for FGF-23, intact PTH, serum phosphorus, and systolic
and diastolic blood pressure in sensitivity analyses (Table S1, available as online
supplementary material).

Tests for Interaction and Subgroup Analyses

The effect of higher phosphorus additive consumption on albuminuria tended to be greater in
patients with higher baseline 24-hour urine phosphorus (p for interaction=0.2). Patients with
baseline 24-hour urine phosphorus excretion > 686 mg/d had an increase in albuminuria of
26.3% (95% CI, 5.9%-50.8%; p=0.01) whereas patients with baseline 24-hour urine
phosphorus excretion < 686 mg/d had a non-significant increase in albuminuria of 9.3%
(95% ClI, —17.5% to 44.8%; p=0.5; Figure 4). Otherwise, findings were similar in patients
with eGFR = or < 69.4 ml/min/1.73m2, albuminuria = or < 82.7 mg/d, and serum
phosphorus = or < 3.5 mg/dL. There was no effect of higher phosphorus additive
consumption on FGF-23 in any subgroups tested and no significant interactions detected.

Discussion

In this randomized clinical trial, higher phosphorus additive consumption did not
significantly increase albuminuria in adults with early stages of CKD. Although the main
analysis was not statistically significant for albuminuria, additional sensitivity analyses,
excluding patients with suspected poor compliance, suggest that high phosphorus additive
consumption may have modestly increased albuminuria.

To our knowledge, this is the first randomized trial in humans specifically designed to
investigate the effect of higher phosphorus additive consumption on urine albumin excretion
in patients with early stages of CKD. Various animal models have demonstrated that a high
phosphorus diet can result in calcium phosphate deposition, resultant proximal tubular
injury, and increased albuminuria, as rapidly as in 3 days to 2 weeks in rats, 17-19.27,
Conversely, limiting phosphorus intake preserves kidney function, reduces vascular
calcification, and lowers mortality in experimental models of kidney disease. 19:28.29
Unfortunately, most studies of the effects of phosphorus restriction on kidney function in
humans have been confounded by concurrent restriction in protein intake. 3031 A small

Am J Kidney Dis. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chang et al.

Page 8

study found no effect of high phosphorus additive intake on urine albumin excretion in 10
young healthy women without baseline albuminuria. 32

Surprisingly, we found no significant effect of higher phosphorus additive consumption on
FGF-23. However, not all studies have shown a direct relationship between high phosphorus
intake and FGF-23. 11.12.26.33-35 prjor studies that have shown an effect of high phosphorus
intake on FGF-23 have required a comparison period of relatively low phosphorus intake
(500-1100 mg/d), 11.12:33 or the combination of phosphorus restriction with phosphorus-
binding medications. 26:36 By comparison, mean phosphorus intake in our study was 1346
mg/d during the lower phosphorus additive period, similar to a study that found no effect of
a high phosphorus/high protein diet on FGF-23. 3> The change in 24-hour urine phosphorus
from baseline to the higher phosphorus additive period was only 343 mg/d, which would
suggest that roughly one third of the phosphorus administered was absorbed. We suspect this
may have been due to calcium phosphate precipitation in the small intestine, 37 or
unreported poor compliance. Thus, a larger contrast in absorbed phosphorus may have been
needed to affect FGF-23 levels.

Calcium excretion increased relative to baseline for both periods, but more calcium was
absorbed during the lower phosphorus period than the higher phosphorus additive period
(23.7 mg/d difference between periods in 24-hour urine calcium). Higher calcium absorption
during the lower phosphorus additive period would have suppressed PTH, which may have
contributed to the significant difference in PTH between periods. However, the increased
calcium load in both periods may have also affected FGF-23 levels, which we had not
anticipated. In a randomized trial of 148 patients with moderate CKD, calcium-based
binders increased FGF-23 levels whereas sevelamer decreased FGF-23 and lanthanum had
no effect on FGF-23. 38 Calcium supplementation has also been shown to directly stimulate
FGF-23 expression in mice. 3% Thus, it is possible that the added calcium load increased
FGF-23 levels, making it more difficult to detect an effect of higher phosphorus intake on
FGF-23.

Our findings add to a growing body of research that suggests potential harm with
phosphorus intake at levels within recommended intake levels (ie, below the current
tolerable upper limit of 4000 mg/d). >~7 We previously found that phosphorus intake above
1400 mg/d was associated with increased risk of death in a cohort of apparently healthy US
adults. ° Several studies have found that phosphorus additive supplementation, achieving
total phosphorus intake of 1660-2300 mg/d, can have adverse effects on markers of bone
mineral metabolism in healthy individuals. 871112 Furthermore, phosphorus additives are
commonly complexed with sodium, 4% which would be expected to independently increase
albuminuria and blood pressure. 4142

For patients with CKD, current KDIGO guidelines recommend phosphorus restriction only
in individuals who develop hyperphosphatemia. 10 There are no recommendations to restrict
phosphorus intake for primary prevention due to a lack of clinical trial data. Avoidance of
phosphorus additives may be an effective strategy that deserves further study in patients with
CKD. In a randomized trial of patients with end-stage renal disease, providing education
(and magnifying glasses) to identify phosphorus additives on food labels was effective in
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significantly lowering serum phosphorus levels. 43 However, meals without phosphorus
additives are more expensive than similar meals with phosphorus additives. 2 Given the fact
that individuals in poverty are more likely to live in food deserts and have albuminuria and
hyperphosphatemia, engagement of policymakers and industry will be needed to improve
access to affordable, unprocessed foods. 44-46

Our trial has limitations. First, to minimize expense and participant burden, we chose to
supplement participants’ free-living diets with commercially-available beverages and
breakfast bars rather than conducting a tightly-controlled feeding study. It is likely that the
difference in the background intake of phosphorus, protein, and total energy intake between
periods would not have occurred in a controlled feeding study. However, we used unaltered,
commercially-available beverages and bars to produce the phosphorus contrast rather than
administering supplements to more closely resemble a “real-life” situation. While our choice
of calcium as the accompanying cation (rather than sodium or potassium) may have been
superior for studying effects on albuminuria, differences in absorbed calcium between
periods may have had independent effects on markers of bone mineral metabolism. Second,
we used albuminuria as an outcome rather than a clinical end point such as doubling of
serum creatinine or eGFR decline. However, findings from randomized trials provide
support for proteinuria reduction as a valid surrogate outcome. 47 Third, our sample size was
small, although we used a cross-over study design, which enhances statistical power as each
person serves as his or her own control. Fourth, this study was not designed to examine
changes in serum phosphorus, which was only measured in the morning after fasting.
Multiple measurements, particularly in the afternoon, may be needed to detect an effect of
higher phosphorus intake on serum phosphorus levels. 48

There were also a number of strengths of our study. Our predominantly urban African-
American population is extremely relevant given their high burden of kidney disease and
disproportionately low access to healthy food. 4° Still, findings may not be generalizable to
other populations as mineral metabolism may be different in African- Americans compared
to whites. 99 Second, we had high rates of adherence and follow-up, evidenced by the large
contrast achieved in phosphorus excretion between study periods. Lastly, we rigorously
collected multiple 24-hour urine collections and dietary recalls using high-quality methods.

In conclusion, higher phosphorus additive consumption did not significantly increase
albuminuria. Further research is needed to determine whether reduction in phosphorus
additive consumption improves cardiovascular and kidney disease outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 4. Subgroup Analyses Examining the Effect of Higher Phosphorus Additive Intake on
Albuminuria

Higher subgroups are at or above median values and lower subgroups are below median
values of eGFR (69.4 ml/min/1.73m2), albuminuria (82.7 mg/d), phosphaturia (686 mg/d),
and serum phosphorus (3.5 mg/d). The effect of higher phosphorus additive intake on
albuminuria was nominally stronger in patients with higher baseline phosphorus excretion
although this was not significant (p=0.2). Abbreviations: eGFR (estimated glomerular
filtration rate), P (phosphorus)
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Table 2

Baseline Characteristics by Randomization Order

FGF-23 (RU/mlI) *

108.6 [92.1-136.7]

| 157.2 [120.8-207.1]

Intact PTH (pg/ml)

44.0 [34.3-59.2]

| 54.8 [35.2-72.3]

Albuminuria (mg/d)

107.4 [51.5-226.2]

Variable | Lower then Higher” (n=16) | Higher then Lower” (n=15)
Age () | 64.2 (9.9) | 68.0 (7.3)
Female sex | 4 (25%) | 6 (40%)
Black race | 14 (88%) | 14 (93%)
Smoking status | |
Current | 5 (31%) | 5 (33%)
Former | 6 (38%) | 4 (27%)
Never | 5 (31%) | 6 (40%)
Hypertension | 13 (81%) | 14 (93%)
Diabetes | 8 (50%) | 7 (47%)
Dyslipidemia | & 0%) | 10 67%)
Coronary Artery Disease | 2 (13%) | 1 (7%)
Systolic BP (mmHg) | 1300 113) | 120.4 15.9)
Diastolic BP (mmHg) | 737 (8.0) | 69.2 (10.1)
BMI (kg/m?) | 29.8 (5.5) | 319 (4.7)
eGFR (ml/min/1.73m?) | 79.0 (25.3) | 69.9 (17.6)
Serum Phosphorus (mg/dl) | 3.62(0.41) | 3.52 (0.50)
Serum Calcium (mg/dl) | 9.51(0.34) | 9.46 (0.25)
25(0H)D (nmol/l) | 28.1(10.2) | 39.1 (25.3)
1,25(0H),D (pg/ml) | 51.9 (14.8) | 47.8 (12.6)
|
|
|

| 67.1[26.6-101.4]

Albuminuria category
<30 mg/g
30-299 mg/g
> 300 mg/g

1(6%)
12 (75%)
3 (19%)

4 (27%)
11 (73%)
0 (0%)

Page 18

Note: Values for categorical variables are given as count (proportion); values for continuous variables are given as mean + standard deviation or
median [interquartile range]. Conversion factors for units: calcium in mg/dL to mmol/L, x0.2495; phosphorus in mg/dL to mmol/L, x0.3229;
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N
Refers to lower then higher and higher then lower phosphorus additive periods.

*
P value <0.05 for comparison between randomization order groups

Abbreviations: 25(0H)D, 1,25-dihydroxyvitamin D; 1,25(0H)2D, 25, hydroxyvitamin D; BMI, body mass index; BP, blood pressure; eGFR
(estimated glomerular filtration rate), FGF-23 (fibroblast growth factor 23), PTH (parathyroid hormone)
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