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ORIGINAL RESEARCH
Novel Protein to Phosphorous Ratio Score
Predicts Mortality in Hemodialysis Patients

Dana Bielopolski, MD, PhD,*,†,‡ Cachet Wenziger, MPH,* Tali Steinmetz, MD,†,‡

Benaya Rozen Zvi, MD,†,‡ Kamyar Kalantar-Zadeh, MD, PhD,* and Elani Streja, PhD*

Objective: Lowering serumphosphorus in people on hemodialysismay improve their survival. However, prior studies have shown that

restricting dietary protein intake, a major source of phosphorus, is associated with higher mortality. We hypothesized that a novel metric

that incorporates both these values commensurately can improve survival prediction.

Methods:We used serum phosphorous and normalized protein catabolic rate (nPCR), a surrogate of dietary protein intake, to form a

newmetric R that was used to examine the associations with mortality in 63,016 people on hemodialysis (HD) of one year after treatment

initiation. Survival models were adjusted for case-mix, malnutrition-inflammation cachexia syndrome (MICS), and residual kidney func-

tion (RKF).

Results: Individuals treated with hemodialysis were divided into five groups in accordance with R value. Group 1 included sick

individuals with high phosphorous and low nPCR. Group 5 included individuals with low phosphorous and high nPCR. After 1-year

follow-up, survival difference between the groups reflected R value, where an increase in R was associated with improved survival.

The association of R with mortality was strengthened by adjustment in demographic variables and attenuated after adjustment to

MICS. Mortality associations in accordance with R were not influenced by residual kidney function (RKF).

Conclusion: The novel protein to phosphorus ratio score R predicts mortality in people on dialysis, probably reflecting both nutrition

and inflammation state independent of RKF. Themetric enables better phosphorusmonitoring, although adequate dietary protein intake

is ensured and may improve the prediction of outcomes in the clinical setting.

� 2021 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

PEOPLE WITH CHRONIC kidney disease (CKD)
have higher incidence ofmalnutrition than the general

population. Malnutrition and protein-energy wasting have
been strongly related to mortality in CKD patients,1,2

whereas surrogates of over-nutrition, e.g., obesity or hyper-
lipidemia improved their survival.3-6 Hence, dietary
protein intake should be increased following initiation of
dialysis to improve their survival.7,8

Hyperphosphatemia, per se, is usually asymptomatic, yet
it is widely appreciated as a major cardiovascular risk and
linked to increased mortality in people with CKD and peo-
ple on maintenance hemodialysis (MHD).9,10 Elevated
phosphorus levels as high as 6.5 mg/dL are associated
with mortality10-12 in people on hemodialysis (HD)
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causing vascular damage by endothelial dysfunction,
leading to vascular calcification.13-16 Dietary phosphate
restriction and use of phosphate binders are still
considered the most effective strategies for the prevention
of vascular calcification in CKD,9,17 whereas MHD treat-
ment may contribute to lower phosphorous burden to a
less extent.
Reducing the amount of phosphorus load while raising

the amount of dietary protein intake is recommended as
per both American and European guidelines for the man-
agement of people on MHD.18 In addition, reduced phos-
phorus intake in people on MHD correlates with an
increase in mortality.8 This could be indicative of the diffi-
culty in maintaining the balance between reduced phos-
phorus and adequate protein intake. Low phosphorus
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values are considered as a marker of protein-energy malnu-
trition and poor food intake, as well as other comorbid-
ities.19 Since foods with high protein content tend to
have high phosphorus content, an increase in dietary pro-
tein has been shown to correlate with an increase in serum
phosphorus levels.20

Noori et al concluded both higher dietary phosphorus
intake and a greater dietary phosphorus to protein ratio
are associated with an increased risk of death in people on
MHD16 based on food frequency questioner (FFQ) data.
They also mentioned the uncertainty of using dietary ques-
tionnaires as a valid information source and the need for
caution when inferring dietary intake to mortality.16

Therefore, this relationship needs further validation by
using laboratory data from people on MHD.
Our objective was to combine the two, protein con-

sumption and phosphorous levels, in one novel parsimo-
nious metric and assess the relative contribution of each
to mortality in people on MHD.

Material and Methods
Cohort Construction
We extracted, refined, and examined electronic data

from all the people treated with incident dialysis who
received conventional HD treatment in a total of 1,737 fa-
cilities operated by a large dialysis organization in the USA
from January 1, 2007, to December 31, 2011. The con-
struction of the cohort has previously been described.5 In
brief, 208,820 people initiated dialysis treatment. After
excluding people who received ,60 days of thrice-
weekly HD treatment at the time of study entry (first
quarter of serum phosphorus and normalized protein cata-
bolic rate measurements), or people treated with dialysis
modality other than IHD, 145,972 people treated with
incident HD remained. After excluding people with
missing phosphorus and nPCR data after a year from dial-
ysis initiation, the final study population consisted of
63,016 people treated with incident HD (Supplementary
Figure1).

Demographic and Clinical Measures
Follow-up time was divided into 91-day intervals (pa-

tient quarters) from the time of the first dialysis treatment.
Information on race/ethnicity, primary insurance, access
type, and the occurence of diabetes at baseline was obtained
from the large dialysis organization database. The following
coexisting comorbidities were considered: (1) diabetes, (2)
hypertension, (3) dyslipidemia, (4) atherosclerotic heart
disease, (5) other cardiac disease (pericarditis and cardiac
arrhythmia), (6) congestive heart disease, and (6) cerebro-
vascular disease.

Laboratory Measures
Blood samples were drawn using standardized tech-

niques in all dialysis clinics and were transported to a central
laboratory in Deland, FL typically within 24 hours. Most
laboratory values including serum creatinine, albumin, he-
moglobin, calcium, phosphorus, bicarbonate, and alkaline
phosphataseweremeasuredmonthly. Serum intact parathy-
roid hormone (PTH) and ferritin levels were usually
measured at least once during each calendar quarter. Blood
samples were collected before dialysis. nPCR, a surrogate
of dietary protein intake, was measured monthly as an indi-
cator of daily protein intake. Dialysis dose was estimated by
a single-pool Kt/V using the urea kinetic model. The 3-
month-averaged values during the first quarter of dialysis
treatment were used as baseline values to address the mea-
surement variability in laboratory parameters.

Metrics Creation
We suggest that a mathematical way to give each of the

two variables the same weight in a metric is by dividing
them by one another. If they get distributed in the same
range, the change in size will affect the distance of the ratio
from 1. Both variables, phosphorus and nPCR, distributed
normally, although the range of the distributions were
different. Phosphorous levels ranged between 1.1 and
13.8, whereas nPCR distributed between 0.2 and 2.37.
To overlap the ranges of these distributions, we compared
the minimum, maximum, and mean values of both the var-
iables. The mean of these differences was 5.4. Therefore,
we created a modified phosphorous which is the original
value divided by 5.4, termed as nP (new phosphorous).
Elaboration of these calculations and modification is pre-
sented in Supplementary Figure 2.
In addition, we divided nPCR by nP to create the new

variable R. We chose to split our patient population into
five equal groups in accordance with R value to charac-
terize the differences and trends along with the variable
R (Supplementary Figure 3).

Statistical Analysis
Analyses were conducted by using STATA MP version

13.1 (StataCorp, College Station, TX).
The characteristics of people comprising the final cohort

are expressed as means 6 standard deviation, medians (in-
terquartile range), or percentages, as appropriate. Follow-
up time started after 91 days from HD initiation.

Survival Analysis
The cumulative incidence of all-cause death as per the R

groups was assessed using the Kaplan-Meier method and
the log-rank test.
Cox proportional hazards models were used to deter-

mine the relationship between R values and all-cause mor-
tality. For each analysis, 3 levels of hierarchical adjustments
were examined, and the reference group was the first R
group, representing the sickest patients (low nPCR and
high phosphorous):

(I) Unadjusted models included the entry of calendar
quarter.
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(II) Case-mix adjusted models that include all variables
were included in the unadjusted model plus age,
sex, race/ethnicity (White, African American, His-
panic, Asian, and other), preexisting comorbidities
described above (see demographic and clinical
measures) and primary insurance (Medicare,
Medicaid, and other), vascular access (catheter,
arteriovenous fistula, or graft), and dialysis dose as
indicated by single-pool Kt/V (spKt/V).

(III) Models adjusted for case-mix and malnutrition-
inflammation complex syndrome (MICS) covari-
ates included all of the covariates in the case-mix
model and the following quarterly averaged vari-
ables: body mass index and laboratory surrogates
associated with clinical outcomes in people on
HD including serum concentrations of (1) albu-
min, (2) creatinine, (3) hemoglobin, (4) ferritin,
(5) bicarbonate, (6) calcium, (7) phosphorus, (8)
intact PTH, and (9) normalized protein catabolic
rate.

We also examined the effect of residual kidney function
(RKF; less than 3 mL/minute and greater than or equal to
3 mL/minute) on the association between R and mortality
Table 1.Demographic and Laboratory Data of 63,016Maintenance
R Value

Variables R1 (N 5 12,605) R2 (N 5 12,605)

Age (y) 56 6 16 61 6 15
Female (%) 48 46

White (%) 41 41

African American (%) 42 37
Hispanic (%) 11 15

Asian (%) 2 2

Other race (%) 4 4

CVC 76 72
AVF 13 16

AVG 4 4

AV other 0 0

Access unknown 8 7
Medicare (%) 50 52

Medicaid (%) 10 7

Other insurance (%) 41 41

Albumin (g/dL) 3.69 6 0.47 3.81 6 0.41
Calcium (mg/dL) 9.05 6 0.60 9.05 6 0.53

Phosphorus (mg/dL) 6.24 6 1.50 5.50 6 1.12

PTH (pg/mL) 309 (212,468) 284 (202,404)
Ferritin (ng/L) 488 (296,727) 539 (348,765)

BMI (kg/m2) 28.74 6 7.81 28.75 6 7.46

Hypertension (%) 56 54

Diabetes (%) 67 69
CHF (%) 49 47

ASHD (%) 17 17

CVD (%) 2 2

Other cardiovascular (%) 17 16
SPKTV 1.42 6 0.32 1.45 6 0.31

ASHD, atherosclerotic heart disease; AVF, arteriovenous fistula; AVG, ar

catheter; CVD, cardiovascular disease; PTH, parathyroid hormone; SPKTV

Bodymass index (BMI) was calculated using post-HDbodyweight and he
where applicable.
in subgroup analysis and evaluated the significance of an
interaction term in the case-mix model.
Results
We constructed a historical cohort of 63,016 people on

dialysis, followed for 1 year after initiation of treatment
that had the data of phosphorous and nPCR in the first
90 days (Supplementary Figure 1). They were divided
into five groups as per R values, labeled from 1 to 5. The
demographic and laboratory characteristics of people in
differentR groups are illustrated in Table 1. People in group
1, total of 12,603, are the sickest individuals, i.e., have high
phosphorous and low nPCR values, and hence, have the
lowest R values. These people were young (mean age
56 6 16), more likely to be women, and initiate dialysis
therapy with a catheter. They also had the highest preva-
lence of Black individuals compared to other groups. Peo-
ple in group 5, who were considered the healthiest (low
phosphorous and high nPCR values) were older, more
likely to be White, use a permanent access, and less likely
to be hypertensive. Their laboratory workup also reflected
a different survival potential because they had higher serum
albumin, lower serum phosphorus, lower ferritin, and
Hemodialysis Patients, Divided Into 5 Groups According to

R3 (N 5 12,600) R4 (N 5 12,603) R5 (N 5 12,603)

62 6 14 64 6 14 65 6 14
44 42 40

42 43 43

35 31 26
16 18 21

3 4 6

4 4 4

70 70 71
17 18 18

5 5 4

0 0 0

7 7 7
53 54 54

7 7 8

40 39 39

3.85 6 0.38 3.88 6 0.37 3.88 6 0.38
9.06 6 0.51 9.04 6 0.49 9.04 6 0.49

5.13 6 0.99 4.78 6 0.87 4.25 6 0.84

278 (198,381) 266 (189,361) 248 (176,338)
553 (365,776) 606 (405,835) 552 (357,782)

28.64 6 7.25 28.23 6 7.10 27.51 6 6.78

53 53 50

68 69 69
44 42 42

17 17 17

2 2 2

17 17 16
1.47 6 0.31 1.49 6 0.31 1.53 6 0.32

teriovenous graft; CHF, congestive heart failure; CVC, central venous

, single pool kTV.

ight. Data are presented as proportions,mean6SD, ormedian (IQR)



Figure 1. Survival rates after 1 year of follow-up according to
R groups. A total of 63,016 MHD patients survived 1 year af-
ter initiation of dialysis from a preliminary cohort of 108,308
patients. Numbering of R5 group is according to the ratio be-
tween phosphorous and nPCR. R1 patients have high phos-
phorous and low nPCR, and R5 patients have low
phosphorous and high nPCR.

Figure 2. Cox regression analysis shows the hazard ratio for
mortality across R groups in 63,016 MHD patients. The black
curve shows the unadjusted model of hazard ratio for each
group. The red curve shows the hazard ratio after adjustment
to Case-Mix variables. The blue curve shows the hazard ratio
after adjustment to MICS variables. (For interpretation of the
references to color in this figure legend, the reader is referred
to the Web version of this article).
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higher PTH levels, despite similar calcium values across the
groups.

Survival Analysis
After 1 year of follow-up, the survival curve for the peo-

ple in group 1, who are the sickest individuals, split from the
other curves that were associated with worse survival
(Fig. 1). This notion was reinforced when we numerically
examined death rates per group (Supplementary Figure 4)
and saw that they are lower in group 5 compared with
group 1.
Figure 2 and Supplementary Table 1 shows 3 different

models of hazard ratios of death risk according to R value.
In an unadjusted model with people in group 1 as the refer-
ence, the hazard ratio for death decreases as R value in-
creases. People in group 5 had 37% (CI 34%–40%) higher
chances of survival than people in group 1. Survival differ-
ences were statistically significant among groups.
After adjustment for Case-Mix variables, the association

of R value with survival was strengthened. According to
this model, compared to the reference, people in group 5
had 49% higher chance of survival (CI 46%–52%). After
further adjustment forMICS covariates in the fully adjusted
model, this association was attenuated to chances of survival
of 35% for people in group 5 (CI 31%–39%).

Adjustment to RKF
Our cohort data of RKF were available only for 21,756

people. Survival differences among R groups were not
affected by the presence or absence ofRKF (Fig. 3) in either
unadjusted (P for interaction5 .6383) or Case-Mixmodels
(P for interaction 5 .4765).

Discussion
We have created a new metric in people on dialysis ac-

cording to the ratio between phosphorous and nPCR
that is associated with survival in a cohort of 63,016 people
on incident HD after 1 year from initiation of dialysis. We
divided this population into 5 groups; people in group 1,
the sickest individuals with low nPCR and high phospho-
rous were given anR score lower than 1 (Fig. 4). Theywere
younger, more likely to be Black, and their albumin and
BMI were lower. Compared to them, people in group 5
were healthier with high nPCR, low phosphorus, and R
score higher than 1. Their demographic characteristics
were the mirror image of people in group 1 and were
more likely to have AVF as an access for dialysis. Kaplan–
Meier curves showed a clear difference in survival among
groups, after 1 year of follow-up, with survival improving
as R value increases. Association of R with survival was
even more robust after the adjustment for socio-
demographic variables irrelevant of residual kidney
function. However, adjustment for inflammatory profile
attenuated this association.
Our results reflect the complex interplay among different

nutritional elements in people on MHD and the constant
struggle between competing risks. For people on MHD,
higher phosphorous is detrimental not only to the bone
metabolism, enhancing PTH production, and dissolving
the bone, but also to the cardiovascular systemwhere it pro-
motes vascular calcification.21 On the other hand, as the
major source of phosphorous is protein from animal,
limiting its consumption may be harmful to this fragile
population.22



Figure 3. Cox regression analysis shows the hazard ratio for
mortality across R groups in 21,756 MHD patients. The blue
curve shows the unadjusted model of hazard ratio for pa-
tients with residual kidney function. The red curve shows
the unadjusted model of hazard ratio for patients without re-
sidual kidney function. The green curve shows the hazard ra-
tio after adjustment to Case-Mix variables for patients with
residual kidney function. The purple curve shows the hazard
ratio after adjustment to Case-Mix variables for patients
without residual kidney function. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to
the Web version of this article).
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Restriction of dietary intake of phosphorus generally re-
quires some reduction in the allowable protein intake17 and
restricted consumption of highly processed, fast, and
convenient foods.23 However, imposing dietary reduction
of protein intake is associated with protein-energy wasting
(PEW)24 and increased mortality.17 Is there a difference
Figure 4. A 232 table shows the hypothesis of relation be-
tween phosphorous and nPCR and patients’ status. X axis
represents phosphorous (P) and Y axis represents nPCR.
The red box contains patients with high values of protein
and low phosphorous. The olive box contains patients with
low protein and high phosphorous. Gray boxes represent in-
termediate states where only one of the desired conditions is
met. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this
article).
between protein from animals versus protein from plants?
Phosphorous in meat is easily hydrolyzed and readily ab-
sorbed, whereas phosphorous in plants has relatively low,
usually ,50% bioavailability.25-27 Hence, despite the
‘‘apparently’’ higher phosphorous content of some plants,
the actual result may be a lower rate of intestinal
phosphorous absorption per gram of plant protein than
animal based protein.23 Therefore, it seems that a vegetarian
dietmay be beneficial for peoplewith end-stage kidney dis-
ease (ESKD) because it allows for increased protein con-
sumption without increasing phosphorus levels above the
required value.28

It is not surprising that socio-demographic factors
contribute to the mortality prediction of nutrition, as
they indicate a person’s awareness to health, compliance
to treatment, and support system. This is in alignment
with our observation that socio-demographic variables
intensify the effect of nutrition on mortality. Successful
dialysis in ESKD largely depends on the person’s ability
to adhere to several clinical requirements and lifestyle
changes. Social support has been consistently linked to
better health outcomes in several chronic diseases.29 Pre-
cision nutrition management should also take into ac-
count, patient demographics, social, psychological,
education, and compliance factors, all of which may influ-
ence the therapeutic needs and responses to the nutritional
therapy prescribed.30

Yet it is unexpected that minorities scored low R values,
as it was shown that they had better survival on dialysis than
Whites.31-33 Black ethnicity was shown to be associated
with a lower prevalence of atherosclerotic cardiovascular
disease at the start of dialysis and a lower incidence of
new or recurrent cardiovascular events after starting
dialysis.34

The survival advantage for Black individuals on dialysis
may be due, at least in part, to a lower risk of cardiovascular
disease. This is surprising given the higher incidence of dia-
betes and hypertension within the same population, both of
which are known to be cardiovascular risk factors both in
the general population and among those on dialysis.35 Peo-
ple on dialysis from an underprivileged background such as
ethnic minorities, those with low education, or no health
insurance are significantly less likely to access cardiovascular
healthcare compared to the more advantaged dialysis coun-
terparts.36 Our results might reflect this gap so that young
and Black people lose their relative advantage of survival
on dialysis. The influence of socioeconomic factors on sur-
vival prediction was irrelevant of RKF (Fig. 3).
In contrast, we saw that inflammation attenuates mortal-

ity prediction by R value, as it creates a constant catabolic
state, unrectified by nutrition. People undergoing MHD
have a high prevalence of protein-energy malnutrition
and inflammation.37 This confounds the association be-
tween traditional risk factors such as obesity and clinical
outcome, and even reverses them.38
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Inflammation also effects the relation between high pro-
tein intake and mortality in people on MHD. The discrep-
ancy between protein and phosphorus in relation to
mortality39,40 can be mediated by PEW. Phosphorus in-
duces systemic inflammation and oxidative stress dose-
dependently, without affecting kidney function, resulting
in the development of the phenotypes of PEW including
weight loss, hypoalbuminemia, and decreased urinary
creatinine excretion.41

Kidney clearance of urea leads to the underestimation of
nPCR values,42 most likely because of the kidney compo-
nent of urea clearance that is overlooked in dialysis patients
with residual kidney function. Hence, the lack of effect by
RKF on our association is a supportive finding of the sug-
gested model. It implies that regardless of other venues to
dispose off urea, the relation between protein and its by-
product, phosphorous, is the major player in mortality pre-
diction of MHD patients. This is in contrast to the
commonly accepted concept of RKF being a major deter-
minant of survival in MHD patients.5,43 Calculation of
catabolic rate is different in the presence of urea clearance
by urine.42 This probably results from the overpowering ef-
fect that phosphorus has onRKF. Higher phosphorus levels
were associated with a steeper 6-month RKF slope
compared with the reference category and were indepen-
dently associated with decline in RKF in people on inci-
dent HD.44

Our study should be qualified to several limitations. At
first, because of the observational nature of our study, we
can neither exclude the presence of residual confounders
and unmeasured confounders nor prove causality between
R and outcomes. Further studies are needed to examine
these relationships. Second, we did not have precise data
onmedications that could have influenced serum phospho-
rous levels and all-cause mortality. Our cohort did not have
elaborated information regarding source of protein, and it
might be interesting to test our metric on two patient pop-
ulations, one feeding on vegetarian diet and the other on
meat base nutrition.
Another limitation of our study is the lack of a longer

follow-up. The chance of surviving 4 or more years on dial-
ysis therapy decreases in association with older age, White
race, history of smoking, unemployed status, low systolic
blood pressure, and low albumin level.45 Increased age
was a risk factor in each follow-up interval, whereas White
race was a risk factor in only the later years. The apparent
different risk factors for mortality in long-term dialysis sur-
vivors relative to patients in earlier phases of ESKD may
reflect the characteristics of patients who survived the ef-
fects of earlier risk factors.45

The strengths of our study include a large nationally
representative incident MHD population with detailed
personal level data, which allowed us to rigorously account
changes in nutritional markers and mortality for a range of
clinically relevant factors. Essentially, all people on incident
MHD in the original cohort were included in our analyses,
and thus, the likelihood of selection bias is minimized. In
addition, all the dialysis facilities were under uniform
administrative care, and all laboratory tests were performed
in one single laboratory with an optimal quality assurance
monitoring. We have used quarterly averaged measure-
ments rather than one single baselinemeasurement tomini-
mize the effects of short-term variations.

Conclusion
The relationship of nutritional status and mortality in

people on MHD is multifaceted and involves multiple
influencing factors. Scaling people on MHD according to
R value might provide the clinician insight into nutritional
status that will mandate intervention and direct the inten-
sity. People scoring low on the R value are being persis-
tently attacked by two competing threats to their
survival–they have low nutritional status as indicated by
nPCR and a high phosphorous level. This combination is
the result of not only low compliance to medical therapy
and dietary counseling but also of a high inflammatory
state. Intervention in these people could affect survival.
Therefore, R value may be a useful predictor of mortality
in people on hemodialysis among others (3,33) and should
be included in composite nutritional scores (34,35).

Practical Application
We have created a new metric in dialysis patients as per

the ratio between phosphorous and nPCR that is associated
with their survival. Scaling patients according to this metric
might provide the clinician insight into nutritional status
that will mandate intervention and direct the intensity of
treatment. The metric we propose may be a useful predic-
tor of mortality in patients on HD and should be included
in composite nutritional scores.

Data Sharing
Data, analytic methods, and study materials will not be

made available to other researchers for the purpose of re-
producing the results or replicating the procedure. Data
are provided under contract with a large dialysis organiza-
tion and are at their disposal. Hence, this center may not
over-ride the contractual agreements. Additional details
regarding the analytical methods can be provided on
request.
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Supplementary Data
Supplementary data associated with this article can be

found in the online version at https://doi.org/10.1053/j.
jrn.2021.08.008.
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