
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 19, 2023

Short-term effect of the New Nordic Renal Diet on phosphorus homoeostasis in
chronic kidney disease Stages 3 and 4

Salomo, Louise; Rix, Marianne; Kamper, Anne-Lise; Thomassen, Jesper Q; Sloth, Jens Jørgen; Astrup,
Arne

Published in:
Nephrology, Dialysis, Transplantation

Link to article, DOI:
10.1093/ndt/gfy366

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Salomo, L., Rix, M., Kamper, A-L., Thomassen, J. Q., Sloth, J. J., & Astrup, A. (2019). Short-term effect of the
New Nordic Renal Diet on phosphorus homoeostasis in chronic kidney disease Stages 3 and 4. Nephrology,
Dialysis, Transplantation, 34(10), 1691-1699. [gfy366]. https://doi.org/10.1093/ndt/gfy366

https://doi.org/10.1093/ndt/gfy366
https://orbit.dtu.dk/en/publications/37868416-b36c-4aec-98a4-3b1c138fd243
https://doi.org/10.1093/ndt/gfy366


Nephrol Dial Transplant (2019) 34: 1691–1699
doi: 10.1093/ndt/gfy366
Advance Access publication 24 December 2018

Short-term effect of the New Nordic Renal Diet on phosphorus
homoeostasis in chronic kidney disease Stages 3 and 4

Louise Salomo1,2, Marianne Rix1, Anne-Lise Kamper1, Jesper Q. Thomassen3, Jens J. Sloth4 and
Arne Astrup2

1Department of Nephrology, University Hospital of Copenhagen, Rigshospitalet, Denmark, 2Department of Nutrition, Exercise and Sports,
Faculty of Science, University of Copenhagen, Denmark, 3Department of Clinical Biochemistry, University Hospital of Copenhagen,
Rigshospitalet, Denmark and 4National Food Institute, Technical University of Denmark, Kemitorvet, Denmark

Correspondence and offprint requests to: Louise Salomo; E-mail: louise.havkrog.salomo@regionh.dk

A B S T R A C T

Background. The New Nordic Diet is a food concept favouring
organically produced food items, fruits, vegetables, whole grains
and fish. We investigated the short-term effects of a modified
phosphorus-reduced New Nordic Renal Diet (NNRD) in
chronic kidney disease (CKD) patients on important parame-
ters of phosphorus homoeostasis.

Methods. The NNRD contained a total of 850 mg phosphorus/
day. A total of 18 patients, CKD Stages 3 and 4 were studied in a
randomized crossover trial comparing a 1-week control period
of the habitual diet with a 1-week period of the NNRD. Data
were obtained at baseline and during 1 week of dietary interven-
tion (habitual diet versus NNRD) by collecting fasting blood
samples and 24-h urine collections. The primary outcome was
the difference in the change in 24-h urine phosphorus excretion
from baseline to Day 7 between the NNRD and habitual diet
periods. Secondary outcomes were changes in the fractional ex-
cretion of phosphorus, fibroblast growth factor 23 (FGF23) and
plasma phosphate.

Results. As compared with the habitual diet, 24-h urine phos-
phorus excretion was reduced in the NNRD by 313 mg/day
(P< 0.001). The mean baseline phosphorus was 875 6 346 mg/
day and was decreased by 400 6 256 mg/day in the NNRD and
87 6 266 mg/day in the habitual diet. The 24-h urine fractional
excretion of phosphorus decreased by 11% (P< 0.001) and
FGF23 decreased by 30 pg/mL (P¼ 0.03) with the NNRD com-
pared with the habitual diet. Plasma phosphate did not change.

Conclusion. This study demonstrates that dietary phosphorus
restriction in the context of the NNRD is feasible and has posi-
tive effects on phosphorus homeostasis in CKD patients.

Keywords: 24-h urine phosphorus excretion, chronic kidney
disease (CKD), dietary intervention, fibroblast growth factor
23 (FGF23), New Nordic Renal Diet (NNRD)

I N T R O D U C T I O N

Chronic kidney disease (CKD) causes severe disturbances in
phosphate metabolism, and observational studies link hyper-
phosphataemia and elevated levels of fibroblast growth factor
23 (FGF23) to the increased cardiovascular morbidity and mor-
tality in CKD [1–6].

There is an unmet need to develop safe and sustainable ther-
apeutic approaches to lower phosphate and FGF23 levels in
CKD to prevent the vascular calcifications and left ventricular
hypertrophy found in the majority of end-stage renal disease
patients [7].

Dietary phosphorus exposure and absorption are modifiable
factors; however, studies of dietary interventions to reduce
phosphorus load and FGF23 in patients with moderate CKD
have shown conflicting results. Some demonstrated a positive
effect, especially on FGF23 [8, 9], whereas others have failed to
show any influence [10–12].

Changing the eating habits of a population on a long-term
basis presents a major challenge [13], but with the typically
high phosphorus content of the Western diet due to consider-
able amounts of meat-based protein and phosphorus-contain-
ing food additives, this would be necessary [14, 15].

Beneficial effects of healthy eating habits regarding cardio-
vascular morbidity and mortality have been demonstrated by
the two widely recommended food-based dietary patterns,
namely the Mediterranean diet [16] and the Dietary
Approaches to Stop Hypertension (DASH) diet [17, 18]. Both
of these diets may also have potential beneficial effects on the
progression of CKD [19–21].

A recent Danish initiative to develop palatable, healthy and
sustainable dietary recommendations based on foods produced
in the Nordic region, called the New Nordic Diet (NND), has
been tested in different population groups, with promising
results regarding cardiovascular risk profile [22]. The diet is
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very similar to the Mediterranean diet, but with replacement of,
for example, olive oil with rapeseed oil, garlic with rams, etc.
We have previously tested the phosphorus content of the NND
and did not find it suitable for the CKD population in its pre-
sent form [23].

Modification of the NND into the New Nordic Renal Diet
(NNRD) to suit the needs and preferences of the Danish CKD
Stages 3 and 4 population was developed. This new concept is
introduced and tested in the present study.

M A T E R I A L S A N D M E T H O D S

Study protocol

The study was registered at www.clinicaltrials.gov as
NCT03052582 and was conducted according to the Helsinki
Declaration, and all patients signed an informed consent form
after receiving oral and written information.

Subjects

A total of 19 patients were recruited from the outpatient
clinic at the Department of Nephrology, Rigshospitalet and 1
patient from Herlev Hospital. The study was carried out be-
tween February and November 2017. Patients fulfilled the fol-
lowing criteria: age between 18 and 82 years, estimated
glomerular filtration rate (eGFR) 16–45 mL/min/1.73 m2, as
judged by the Chronic Kidney Disease Epidemiology Collaboration
equation, medically stable for 2 months before and during the
study, no food allergies and the ability to understand the Danish
language orally and in writing. Patients taking phosphate binders
were excluded from participating.

Development of the NNRD

The NND [24] has been tested in different populations, with
promising results regarding the cardiovascular risk profile, and
the Nordic diet has been recognized by World Health
Organization to represent a healthy alternative to the
Mediterranean diet [25]. We investigated whether the NND
could serve as a recommended diet in CKD patients by estimat-
ing the phosphorus content and absorption of the NND; how-
ever, this was not the case in its present form [23]. We modified

the NND into the NNRD by removing the most phosphorus-
rich food items, such as rye bread, dairy products, nuts and fish
but still keeping in mind a nutritiously well-balanced diet with a
phosphorus content of�850 mg/day (Tables 1 and 2).

Study design

This was a randomized controlled crossover study of two
diets in patients with CKD Stages 3 and 4 (Figure 1). Baseline
data (Day 0) were obtained, including 24-h urine collection,
fasting blood samples and dietary record. During the interven-
tion, the participants received the NNRD for 1 week and fasting
blood samples and 24-h urine collection were collected on Days
1 and 4. During the control period, the participants kept to their
habitual diet from Days 1 to 6 (on Days 1 and 4 they kept a die-
tary record and collected 24-h urine samples) and on Day 7
they received a control diet with a phosphorus content in accor-
dance with an average Danish diet (1500 mg). On Day 7, in both
of the intervention periods, the patients were admitted to
the Department of Nephrology, University Hospital of
Copenhagen, Rigshospitalet, to follow the circadian rhythm of
plasma phosphate, plasma intact FGF23, plasma ionized calcium
and plasma parathyroid hormone (PTH). A fasting blood sample
and 24-h urine collection were obtained and blood was addition-
ally drawn 30 min after each of the three meals (see Figure 1).

The 24-h urine creatinine excretion was used as a requisite
for the quality of the 24-h urine collection and it was without
difference [26].

Table 1. Diet composition of the NNRD and control diet on Day 7

Meal NNRD Meal 1 NNRD Meal 2 Control diet Day 7

Breakfast Sliced white bread Sliced white bread Rye bun
Brie 50þ Brie 50þ Solid cheesea

Marmalade Marmalade Marmalade
Butter Butter Butter

Lunch Pasta salad with chicken Rice salad with tuna Broccoli pie with green salad and corn
Dinner Beef chuck with spinach, carrots and mashed potatoes Chicken with rhubarb, spinach and parsnips Spaghetti Bolognese
Snack 1 Fruit Fruit Cinnamon roll
Snack 2 Carrot cake Carrot cake Banana
Snack 3 Rice biscuit with dark chocolate Rice biscuit with dark chocolate Carrot

Apple juice 500 mL Apple juice 500 mL Multifruit juice (processed) 250 mL
Milk 250 mL

During the NNRD, water, coffee and tea were ad libitum (no milk). No alcohol was allowed.
aPhosphorus-containing food additives.

Table 2. Diet content of the NNRD and control diet on Day 7

Diet content NNRD
Meal 1

NNRD
Meal 2

Control
diet

Energy (kcal) 2427 2428 2431
Total fat/carbohydrate/protein (%) 34/54/12 35/54/11 34/51/15
Total fat/carbohydrate/protein (g) 91/308/68 97/300/65 91/287/93
Protein (g/kg/day) 0.84 0.8 1.15
Phosphorus (mg) 862 817 1579
Total fibre (g) 27 26 23
Calcium (mg) 816 851 1205
Sodium (g/day) 2.90 3.03 3.30
Potassium (g/day) 2.81 2.40 3.50
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Study meals

Diet planning was initially conducted using the Food
Composition Databank (version 7.01, 2009, Copenhagen,
Denmark). The diet during the intervention was designed to be
iso-energetic, with a maximum total energy amount of�10 000
kJ (based on the average intake by a 50- to 60-year-old male
with moderate physical activity). The phosphorus content in
the meals was determined by inductively coupled plasma mass
spectrometry at the National Food Institute, Technical
University of Denmark, Kongens Lyngby, Denmark. The mea-
sured phosphorus content was approximately equal to the
phosphorus content estimated by using the Food Composition
Databank and the NNRD meals were consequently kept
unchanged. No additional food was allowed during 7 days
ingesting the NNRD and the food was handed out as packaged
meals on Days 1 and 4 in the morning and consumed as
outpatients.

Food was prepared by the metabolic kitchen of the
Department of Nutrition, Exercise and Sports, Faculty of
Science, University of Copenhagen, Copenhagen, Denmark.

Self-reporting questionnaire

Diet satisfaction, compliance and satiation were monitored
by self-reporting intake in written study diaries, which were
assessed at the end of the NNRD week. Dietary satisfaction was
judged on a five-level Likert scale with following response
options: very good, well, okay, not good and bad. A similar
method was used for dietary compliance, with the following re-
sponse options: 100, 80, 60, 40 and 20%. The satiation was
judged by yes or no.

Laboratory analyses

All samples for biochemical analysis were obtained from pe-
ripheral venous blood. The plasma and urine levels of creatinine
and phosphorus were measured using standard laboratory
methods on the Modular/Cobas Analyzer (Roche, Mannheim,
Germany) at the Department of Clinical Biochemistry,
Rigshospitalet. Plasma human intact FGF23 was measured by
an FGF23 enzyme-linked immunosorbent assay kit (Kainos
Laboratories, Tokyo, Japan) by batched analyses at the end of
the study with an intra-assay coefficient of variation of 6% and
interassay coefficient of variation of 10%.

Statistical analyses

This study is based on a crossover design with a washout pe-
riod between the two interventions, which reduces the between-
subject variability from the two diet periods. Measurements
within each subject were correlated, as several measurements
were made on each subject.

The change in 24-h urine phosphorus excretion was consid-
ered a strong proxy for reduced phosphorus absorption and
therefore the primary outcome was the difference in the change
in 24-h urine phosphorus excretion from baseline to Day 7 be-
tween the NNRD and habitual diet period of the study.

To be able to detect a minimum relevant difference of
200 mg in the 24-h urine phosphorus excretion with a power of
80% and a two-sided alpha risk of 5% and a standard deviation
(SD) of 200 mg, we estimated the sample size to be 18 patients.

Secondary outcomes were changes in the 24-h urine frac-
tional excretion of phosphorus, plasma intact FGF23, plasma
phosphate, 24-h urine excretion of creatinine, sodium, potas-
sium, protein and urea nitrogen.

FIGURE 1: Overall study design. Top panel illustrates the crossover design and the lower panel demonstrates the blood samples taken during
the inpatient stay.
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Baseline data are presented as mean 6 SD or number (%).
Results are presented as mean 6 SD with corresponding P-val-
ues for comparisons between groups.

The primary endpoint was the evaluation of the difference in
the change in 24-h urine phosphorus excretion from baseline to
Day 7 between the NNRD and the habitual diet period of the
study based on a mixed-effects model for repeated measures.
Since no period effect, carry-over effect or interactions could be
found, the model evaluating the effect was simplified to a paired
t-test between the differences from baseline to Day 7 in the two
arms of the study to better control for type 1 errors. P-values of
0.05 were considered statistically significant for all analyses.

The secondary outcomes were evaluated using the same mod-
els as the primary analysis. Analysis of Day 7 plasma biomarkers
was based on a mixed-effects model for repeated measures.

The software employed for the analysis was R version 3.2.5
with the nlme package (R Project for Statistical Computing,
Vienna, Austria).

R E S U L T S

Demographic and clinical data

A total of 20 patients were recruited and 2 patients dropped
out, 1 because of acute uveitis and 1 because there was too

much food to eat. Eighteen completed both diet periods and
were analysed further. The time between the two diet periods
was 7–21 days.

Demographic and clinical baseline data are summarized in
Table 3.

24-h urine phosphorus excretion and the 24-h urine
fractional excretion of phosphorus

The NNRD produced a reduction in the 24-h urine phospho-
rus excretion by 36% as compared with the habitual diet. The
change in 24-h urine phosphorus excretion between the two diets
was 313 mg/day (P< 0.001). The mean baseline phosphorus was
875 6 346 mg/day and was decreased by 400 6 256 mg/day in
the NNRD and 87 6 266 mg/day in the habitual diet (Figure 2A).

As compared with the habitual diet, the 24-h urine fractional
excretion of phosphorus was reduced by the NNRD to 11%
(P< 0.001). The mean baseline phosphorus was 38 6 11% and
was decreased by 12 6 11% in NNRD and 1 6 0.5% in the ha-
bitual diet (Figure 2B).

Plasma intact FGF23, plasma phosphate and plasma
potassium

By testing for a change in FGF23 from baseline to Day 7
within the diet using a paired t-test, we found P-values of 0.81

Table 3. Participant characteristics

N = 18 Mean
(range)

Age (years) 53 6 13
Gender (male/female) 9/9
Height (cm) 174 6 8
Weight (kg) 81 6 10
BMI (kg/m2) 27 6 2.7
Plasma creatinine (lmol/L) 210 6 50
eGFR (mL/min/1.73 m2) 28 6 9
Creatinine clearance (mL/min) 48 6 18
Plasma phosphorus (mmol/L) 1.13 6 0.19
Plasma ionized calcium (mmol/L) 1.2 6 0.04
FGF23 (pg/mL) 145 6 123
Parathyroid hormone (pmol/L) 11.5 6 7
Plasma sodium (mmol/L) 140 6 2
Plasma potassium (mmol/L) 4.3 6 0.37
1,25-dihydroxyvitamin D (nmol/L) 77 6 35
Plasma albumin (g/L) 37 6 3
Renal diagnosis, n (%)

Autosomal dominant polycystic
kidney disease 3 (17)
Vascular disease 3 (17)
Chronic glomerulonephritis 7 (38)
Diabetic nephropathy 2 (11)
Unknown 3 (17)

Race, n (%)
Caucasian 16 (89)
African 2 (11)

Medication, constant 2 months before and during the study, n (%)
Antihypertensive medication 17 (94)
Diuretics 5 (28)
Uric acid–lowering therapy 3 (17)
Proton pump inhibitor 3 (17)
Vitamin D supplement 2 (11)

Values are expressed as mean 6 SD. BMI: body mass index.
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and 0.05 for the control diet and NNRD, respectively. The
mean baseline plasma intact FGF23 was 145 6 123 pg/mL and
decreased by 119 6 126 pg/mL in the NNRD and increased by
149 6 157 pg/mL in the habitual diet. The difference between
the two dietary periods was 30 pg/mL (P¼ 0.03) (Figure 2C).

The difference in plasma phosphate between the NNRD and
the habitual diet was unchanged (P¼ 0.24). The mean baseline
plasma phosphate was 1.13 6 0.19 mmol/L and decreased by
0.13 6 0.19 mmol/L in the NNRD and by 0.02 6 0.2 mmol/L in
the habitual diet (Figure 2D).

There was no difference in plasma potassium between the
NNRD and habitual diet (P¼ 0.106). The mean baseline
plasma potassium was 4.26 6 0.39 mmol/L and changed by
0.11 6 0.14 mmol/L during the NNRD and by 0.03 6 0.1
mmol/L during the habitual diet.

GFR and associations between the 24-h urine
phosphorus excretion, fractional excretion of
phosphorous and FGF23

GFR was associated with 24-h urine phosphorus excretion,
fractional excretion of phosphorous and FGF23. At Day 7, a lin-
ear model adjusted for diet was used to test the association and

we found P-values of 0.02, 0.006 and 0.02 for an association be-
tween eGFR and 24 h urine phosphorus excretion, fractional
excretion of phosphorous and FGF23, respectively.

24-h urine volume and excretion of sodium, potassium,
creatinine, protein and urea nitrogen

The 24-h urine volume and excretion of protein, potassium
and creatinine was without a difference between the two study
periods (P¼ 0.71, P¼ 0.46 and P¼ 0.43, respectively). We
found a significant decrease in 24-h urine urea nitrogen excre-
tion between baseline and Day 7 in the NNRD period
[151 mmol/L (P< 0.001); data not shown]. The 24-h urine ex-
cretion of sodium increased significantly on the NNRD com-
pared with the habitual diet (P¼ 0.02).

Weighed dietary food records for Days 1 and 4 during
the habitual diet week

The average estimated mean 6 SD intake of energy, phos-
phorus, protein and calcium according to the dietary records on
Days 1 and 4 during the habitual diet week were 1776 6 717
kcal/day, 1417 6 584 mg/day, 0.9 6 0.35 g/kg/day and
928 6 418 mg/day, respectively.

FIGURE 2: P-values for the differences in change across diets. Change in (A) 24-h urine phosphorus excretion (mg/day) (P< 0.001) from
baseline to Day 7 between NNRD and habitual diet. Data are presented as mean 6 SD, significance P< 0.05. The NNRD can be presented as a
dotted line and the habitual diet as a straight line. (B) Fractional phosphorus excretion (%) (P< 0.001) from baseline to Day 7 between the
NNRD and habitual diet. Data are presented as mean 6 SD, significance P< 0.05. (C) FGF23 (pm/mL) (P¼ 0.03) from baseline to Day 7 be-
tween the NNRD and habitual diet. Data are presented as mean 6 SD, significance P< 0.05. (D) Plasma phosphate (mmol/L) (P¼ 0.24) from
baseline to Day 7 between the NNRD and habitual diet. Data are presented as mean 6 SD, significance P< 0.05.
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Variation of plasma phosphate, plasma intact FGF23,
plasma PTH and plasma calcium during the day

During the inpatient stay on Day 7, we examined the circa-
dian rhythm of plasma phosphate, plasma intact FGF23,
plasma PTH and plasma ionized calcium by four measure-
ments throughout the day with a morning fasting blood sample
followed by a blood sample 30 min after each meal (Figure 3).
Overall, we found no difference in plasma phosphate
(P¼ 0.45). The mean plasma phosphate was lowest at 13 pm ol/L
in the NNRD, whereas in the control diet it was lowest after
breakfast. Plasma phosphate was highest after dinner
(Figure 3A). Three patients had a plasma phosphate level
above normal on Day 7 in the habitual diet, which normalized
on Day 7 of the NNRD period (Figure 4). Plasma intact FGF23
was without a difference between the two diets (P¼ 0.45) but
showed less amplitude in the NNRD than in the control diet
(Figure 3D). There was no difference in plasma ionized cal-
cium and PTH on Day 7 between the two diets (P¼ 0.08 and
P¼ 0.63, respectively) (Figure 3C and D).

Dietary compliance and satisfaction

Of 18 participants, 16 stated that the NNRD tasted very
good and 2 participants stated that it tasted good. Dietary

compliance was kept at 100% and the participants felt satiated
during the NNRD week.

D I S C U S S I O N

This randomized controlled study shows convincingly that die-
tary reduction of phosphorus intake is both feasible and effec-
tive on a short-term basis; 18 CKD patients stayed for 1 week
on the specially designed nutritiously balanced NNRD, which
reduced their daily phosphorus intake by �650 mg/day com-
pared with their habitual diet. This dietary change had a rapid
impact on important phosphorus indicators. Thus the 24-
h urine phosphorus excretion was reduced by almost 40%, the
urinary fractional phosphorus excretion by 29% and plasma in-
tact FGF23 by 18% in the NNRD period. During the inpatient
stay on Day 7, 3 of 18 patients were hyperphosphataemic on the
control diet, and plasma phosphate was normalized on the
NNRD in all three patients.

The NND has similarities to the two worldwide
established diets preventing cardiovascular disease: the
Mediterranean diet and the DASH diet [24, 27]; however, to
be able to convert them into a CKD diet and accommodate a
phosphorus intake in accordance with international

FIGURE 3: P-values are testing the difference across diets for all time points on Day 7. Dotted line indicates NNRD and straight line indicates
control diet. Diurnal variation of (A) plasma phosphate (P¼ 0.45), (B) plasma intact FGF23 (P¼ 0.45), (C) plasma PTH (P¼ 0.63), (D)
plasma ionized calcium (P¼ 0.08). Two diets with mean 6 SD, fasting blood sample at 8.00 a.m., further samples collected 30 min after each
meal (breakfast, lunch and dinner).
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recommendations, one would have to reduce the phosphorus
these diets.

A key nutrient difference between the habitual diet and
NNRD was a higher intake of preserved food, convenience
food, oatmeal, cold cuts, cheese, meat, dairy products and soft
drinks during the habitual diet. Our results show that by replac-
ing these nutrients with white bread for breakfast, salad for
lunch and less animal-bound protein for dinner with vegetables,
you will increase the intake of fibre by 12% and reduce the in-
take of phosphorus by 40%.

Based on the dietary records, the average caloric intake dur-
ing the habitual diet was 25% greater than during the NNRD.

The dietary satisfaction, compliance and satiation were high
according to self-reporting questionnaires and evidenced by the
SD in the 24-h urine phosphorus excretion, which was lower on
Day 7 in the NNRD period compared with both baseline and
the control Day 7. Several reasons known to increase adherence
can explain this: the composition of the diet was kept simple
and without too many restrictions and the food was handed out
as packaged meals [13].

The significant reduced 24-h urine urea nitrogen excretion
in the NNRD also confirms a lower intake of animal-based pro-
tein [28], whereas the daily protein intake was in accordance
with international guidelines (0.8 g/kg/day) [29, 30]. The higher
24-h urine sodium excretion during the NNRD period might be
explained by lower dietary sodium intake during the habitual
diet.

Other short-term studies focusing on phosphorus reduction
in pre-dialysis CKD patients have been performed with a die-
tary intervention in combination with a phosphate binder, and
the results are not very consistent. Isakova et al. [31] performed
a study similar to ours comparing a 750 mg phosphorus diet to
a 1500 mg phosphorus diet in combination with lanthanum
carbonate or placebo with no reduction in plasma phosphate or
FGF23. In contrast, Sigrist et al. [32] compared a high phospho-
rus diet (2000 mg) with a lower phosphorus diet (750 mg), also
in combination with phosphate binder, and did find a signifi-
cant FGF23 reduction within the lowdiet plus phosphate binder
group but no change in plasma phosphate. This present study
demonstrates that lowering dietary phosphorus intake to

650 mg/day and without pharmacological intervention you can
obtain a positive result on FGF23 in moderate CKD patients.

We measured the intact FGF23, which is the biologically ac-
tive portion of the protein orchestrating phosphaturia [33, 34],
and it decreased during the NNRD period (Figure 2C). The
greatest effect of the NNRD on plasma intact FGF23 was seen
in patients with the highest levels (with a cut-off of 200 pg/mL
plasma intact FGF23), which suggests that a low phosphorus
diet may be more effective in patients with challenged phos-
phate homoeostasis.

Targeting phosphorus and FGF23 reduction by reducing
meat intake, based on the theory that the intestinal absorption
is important and that phosphorus uptake from animal products
is much higher than from plant foods (80% versus 40%), may
be useful [35, 36]. This was illustrated by Moe et al. [37] in a
crossover study comparing a meat-based diet versus a vegetar-
ian diet, showing a significant reduction in FGF23. The expla-
nation being that phosphorus in plants is phytate bound and
the human intestine does not secrete the enzyme phytase, which
is necessary to degrade dietary phytate and release phosphorus
[38, 39].

Our data do not allow us to conclude if the maximum effect
of the NNRD on phosphorus homoeostasis is reached on inter-
vention Day 7, as the 24-h urine phosphorus excretion seemed
to decrease continuously during this diet (Figure 2A). This is in-
teresting, as these kinetics might explain why other studies of
dietary intervention studies with a duration <5 days did not
show any change in 24-h urine phosphorus excretion [40, 41].
Long-term intervention studies are needed to explore this
further.

Treatment with oral phosphate binders is generally recom-
mended when overt hyperphosphataemia is present. Three of
18 participants presented with an elevated plasma phosphate
level on Day 7 of the control diet and all of them normalized
plasma phosphate when ingesting the NNRD (Figure 4), indi-
cating that NNRD was especially beneficial for the patients with
hyperphosphataemia.

The concept of treating with phosphate binders at the
earlier stages of CKD before overt hyperphosphataemia is
present has been tested in a study by Block et al. [42] with

FIGURE 4: Spaghetti plot of plasma phosphate measurements on Day 7 for (A) the control diet and (B) the NNRD. Each line represents one
patient. Cut-off for high plasma phosphate level is marked by a dotted horizontal line (normal range plasma phosphate 0.76–1.41 mmol/L).
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confusing results. In a placebo-controlled study, 106 CKD
Stages 3–4 patients were randomized to placebo,
Lanthanum, sevelamer carbonate or calcium acetate in
249 days. It was found that active therapy reduced 24-h uri-
nary phosphorus excretion but resulted in progression of
vascular calcification, particularly among the patients who
received calcium acetate.

Limitations

None of the participants were using phosphate binders and
therefore were considered as a selected group in the lower range
of plasma phosphate levels. During the habitual diet period,
there were no blood tests taken on Days 1 and 4, which was due
to reasons such as adherence and commitment to participate in
this study. The participants did not have to spend time on gro-
cery shopping or food preparation, which might have influ-
enced the compliance positively.

In conclusion, the present study showed that by following
the NNRD for 7 days, it is possible to improve parameters of
phosphate homoeostasis in CKD patients. Whether this region-
ally tailored, easy-to-adapt diet applied long-term can promote
beneficial outcomes in this patient population faced with so
many risks and restrictions will have to be proven in a large-
scale, long-term study.
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Proteinuria and cholesterol reduction are independently
associated with less renal function decline in statin-treated
patients; a post hoc analysis of the PLANET trials
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A B S T R A C T

Background. Statins have shown multiple effects on different
renal risk factors such as lowering of total cholesterol (TC) and
lowering of urine protein:creatinine ratio (UPCR). We assessed
whether these effects of statins vary between individuals, the ex-
tent of discordance of treatment effects on both TC and UPCR

within an individual, and the association of responses in TC and
UPCR with estimated glomerular filtration rate (eGFR) decline.
Methods. The PLANET I and II (Renal effects of Rosuvastatin
and Atorvastatin in Patients Who Have Progressive Renal
Disease) trials examined effects of atorvastatin and rosuvastatin
on proteinuria and renal function in patients with proteinuria.
We post hoc analysed 471 therapy-adherent proteinuric patients
from the two trials and assessed the individual variability in
UPCR and TC response from 0 to 14 weeks and whether these

responses were predictive of eGFR decline during the subse-
quent 9 months of follow-up.
Results. UPCR and TC response varied between individuals: mean
UPCR response was �1.3% (5th–95th percentile �59.9 to 141.8)
and mean TC response was�93.9 mg/dL (�169.1 to�26.9). Out
of 471 patients, 123 (26.1%) showed a response in UPCR but not in
TC, and 96 (20.4%) showed a response in TC but not in UPCR.
eGFR (mL/min/1.73 m2) did not decrease significantly from base-
line in both UPCR responders [0.4; 95% confidence interval (CI)
�1.6 to 0.9; P¼ 0.54] and TC responders (0.3; 95% CI �1.8 to
1.1; P¼ 0.64), whereas UPCR and TC non-responders showed a
significant decline in eGFR from baseline (1.8; 95% CI 0.6–3.0;
P¼ 0.004 and 1.7; 95% CI 0.5–2.9; P¼ 0.007, respectively). A lack
of response in both parameters resulted in the fastest rate of eGFR
decline (2.1; 95% CI 0.5–3.7; P¼ 0.01). These findings were not
different for rosuvastatin or atorvastatin.

VC The Author(s) 2018. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial
re-use, please contact journals.permissions@oup.com 1699

O
R

IG
IN

A
L

A
R

T
IC

LE
D

ow
nloaded from

 https://academ
ic.oup.com

/ndt/article-abstract/34/10/1691/5260844 by D
TU

 Library - Technical Inform
ation C

enter of D
enm

ark user on 16 O
ctober 2019


	gfy337-TF1
	gfy337-TF2
	gfy337-TF3
	gfy337-TF4
	gfy337-TF6
	gfy337-TF5
	gfy366-TF1
	gfy366-TF2
	gfy366-TF3
	gfy159-TF1
	gfy159-TF2
	gfy159-TF3
	gfy159-TF4
	gfy159-TF5
	gfy167-TF1
	gfy167-TF2
	gfy167-TF3
	gfy167-TF4
	gfy167-TF5
	gfy167-TF6
	gfy167-TF7
	gfy167-TF8
	gfy167-TF9
	gfy167-TF10
	gfy167-TF11
	gfy167-TF14
	gfy167-TF15
	gfy167-TF12
	gfy167-TF13
	gfy167-TF113
	gfy183-TF1
	gfy183-TF7
	gfy183-TF3
	gfy183-TF2
	gfy183-TF6
	gfy183-TF4
	gfy184-TF1
	gfy184-TF2
	gfy184-TF3
	gfy184-TF4
	gfy184-TF5
	gfy184-TF6
	gfy184-TF7
	gfy184-TF8
	gfy184-TF9
	gfy184-TF10
	gfy197-TF1
	gfy197-TF2
	gfy197-TF3
	gfy197-TF4
	gfy197-TF5
	gfy197-TF6



