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Abstract
Aims: To describe the characteristics of chronic kidney disease patients with hyperphosphatemia before dialysis. 

To assess the impact of pre-dialysis hyperphosphatemia on dialysis mortality.

Methods: All patients beginning a dialysis treatment in 2005-2006 in all the nephrology units operating in the 
Lorraine region of northeastern France were considered. Among them, those who were referred to a nephrologist more 
than 1 month before dialysis and had atleast one pre-dialysis phosphatemia measurement were included. All-cause 
mortality during the first year of dialysis was the outcome of interest and phosphatemia level the parameter of interest.

Results: Of 406 patients included (mean age, 68.2 ± 14.8 years), 53% had pre-dialysis hyperphosphatemia, 
defined by a mean serum phosphate > 1.45 mmol/L during an average pre-dialysis nephrology follow-up period of 10 
months. Patients with hyperphosphatemia were younger than those with normophosphatemia, and more often women. 
They were more likely to have diabetic nephropathy, less likely to have hypertensive nephropathy and cardiovascular 
comorbidity, and had fewer comorbidities. We found no association between hyperphosphatemia and mortality.

Conclusions: This study shows that patients with pre-dialysis hyperphosphatemia differ from those with 
normophosphatemia. Larger studies are warranted to confirm or refute the absence of a relationship between pre-
dialysis hyperphosphatemia and dialysis mortality.
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Introduction
Chronic Kidney Disease (CKD) is associated with many serious 

complications, such as hypertension and cardiovascular diseases, 
anaemia, and mineral and bone disorders. In contrast to some 
complications that have been investigated for many years, characteristics 
and outcomes of calcium-phosphate metabolism disorders have been 
studied only recently, beginning in the early 2000s. 

Some studies showed that management of mineral and bone 
disorder is very far from optimal, especially as compared with other 
CKD complications [1-3] reflecting a lack of awareness among 
clinicians about this aspect of care. Others provided evidence that 
calcium-phosphate metabolism disorders, and particularly excess 
serum phosphate, are implicated in cardiovascular morbidity and 
mortality through the formation of vascular calcifications [4-7]. To 
date, the relationship between high serum phosphate levels and all-
cause or cardiovascular mortality has been explored among patients 
receiving dialysis treatment [8-12], pre-dialysis CKD patients [13,14], 
and even the general population [15]. However, to our knowledge, no 
study has yet evaluated the impact of high serum phosphate levels in 
CKD patients before the initiation of dialysis on their morbidity and 
mortality after starting dialysis.  

We therefore used data from the AVENIR study (Avantage de 
la Néphroprotection dans l’Insuffisance Rénale) to determine the 
characteristics of CKD patients with hyperphosphatemia during 
the year preceding dialysis and to assess the impact of pre-dialysis 
hyperphosphatemia on all-cause mortality during the first year of 
maintenance dialysis.

Methods
Setting, study design and sample selection

The AVENIR study was an observational cohort study involving 

12 private and public nephrology units operating in the administrative 
region of Lorraine, northeast France (population of 2,339,000, 
according to the 2006 census). Its methodology was approved by the 
ethics committee of the regional university hospital and is described in 
detail elsewhere [16]. 

All CKD patients, aged 18 years and older, who began a dialysis 
treatment in one of the 12 units between January 1, 2005 and December 
31, 2006, were identified from the Regional End-Stage Renal Disease 
(REIN) registry and then enrolled in the study. Patients with reversible 
renal failure and those returning to dialysis following kidney graft 
failure were not included. Patients referred to a nephrologist less than 
1 month before the start of dialysis were not considered for the present 
investigation because of the lack of baseline laboratory measurements. 
Likewise, patients who had no serum phosphate measurement before 
dialysis onset were not considered.

Data collection 

After enrolment in AVENIR, a standardized form was used to 
retrospectively collect demographic, clinical and biological data from 
outpatient medical records.
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Demographic and clinical data were from inclusion in the REIN 
registry, that is to say the dialysis onset. Biological data covered a 
pre-dialysis observation period from the day of the first outpatient 
nephrology consultation (<12 months before dialysis for 49% of 
patients) to dialysis onset, but were restricted to a period of 12 months 
before dialysis (for 51% of patients referred early to a nephrologist). 

Demographic and clinical data included age, sex, modality of first 
dialysis and initiation of dialysis in emergency circumstances, Body 
Mass Index (BMI), primary renal disease and comorbid conditions.

Modality of first dialysis was categorized as hemodialysis or 
peritoneal dialysis, and emergency circumstances were defined as life-
threatening situations (acute pulmonary edema, hyperkalemia, serious 
acidosis, anaemia with angina pectoris, pericarditis or uremic stupor) 
requiring the initiation of dialysis treatment.

Primary renal disease was categorized into five groups: 
glomerulonephritis, diabetic nephropathy, hypertensive nephropathy, 
hereditary nephropathy and others. Comorbidity was defined as the 
presence of clinically significant non-renal disease (e.g. cardiovascular 
disease, respiratory disease, diabetes mellitus and active malignancy). 
The number of comorbidities per patient (<2, ≥ 2) was also considered.

Cardiovascular disease included history of congestive heart 
failure, coronary heart disease, myocardial infarction, dysrhythmia, 
peripheral arterial disease or stroke. Respiratory disease included a 
history of chronic respiratory failure, asthma, and chronic obstructive 
pulmonary disease. The presence of hypertension (defined as diastolic 
blood pressure ≥ 80 mm Hg and/or systolic blood pressure ≥ 130 mm 
Hg or current treatment with prescribed antihypertensive medication) 
was also recorded.

Biological data collected were all values of serum creatinine, 
proteinuria, serum hemoglobin, calcium, phosphate, parathyroid 
hormone, bicarbonate, albumin, fasting total cholesterol and 
triglycerides during the pre-dialysis observation period. The 
Glomerular Filtration Rate (GFR) was estimated with the simplified 
equation from the Modification of Diet in Renal Disease (MDRD) trial, 
by calibrated serum creatinine level. 

For each biological variable, we considered for analysis the mean 
of all values per patient available during the observation period, except 
for GFR for which we considered the last value before dialysis onset.

All data were collected and checked for completeness, according to 
French good practices in epidemiology [17] by two specialized clinical 
research assistants independent of the medical team. Patient enrolment 
and quality of data collection were controlled and audited by a trained 
research physician. A steering committee of two epidemiologists 
and one nephrologist reviewed all forms and corresponding medical 
records when biological data collected were outside international 
standards.

Serum phosphate

The mean serum phosphate level per patient during the pre-
dialysis observation period was the parameter of interest. Serum 
samples were tested using a clinical analyzer in which phosphate 
reacts with ammonium molybdate in the presence of sulphuric acid 
to form a phosphomolybdate complex. This complex absorbs light 
and is quantified photometrically in the UV range at a wavelength of 
340 nm, the light absorbance being directly proportional to the serum 
phosphate concentration.

Serum phosphate was analyzed as a two-category variable: normo- 
or hyperphosphatemia using a threshold at 1.45 mmol/L as defined in 
KDIGO guidelines [18].

Outcome of interest 

The outcome of interest was all-cause mortality during the first 
year of dialysis. Survival time was calculated from the date of first 
dialysis treatment. Surviving patients were censored at the time of 
transplantation, withdrawal from dialysis, or the end of the one-
year follow-up. No patient was lost to follow-up. Data pertaining to 
mortality were obtained from the regional REIN registry.

Data analysis

Descriptive statistics were used to assess the demographic, clinical 
and biological characteristics of eligible patients. Continuous variables 
are presented as mean and standard deviation, and categorical variables 
as proportions.

Previous characteristics were compared according to phosphatemia 
level, between patients with or without hyperphosphatemia using the 
Pearson χ2 test for categorical variables and ANOVA for continuous 
variables. 

Cox proportional hazards modeling was applied to explore the 
association between serum phosphate level and mortality, adjusting 
for potential confounding factors. These factors were patient 
characteristics found to be associated with mortality at a threshold of 
0.15 in a bivariate analysis using Cox models, and sex, because it is 
known to impact survival.

Adjustment for parathyroid hormone was not performed because 
of high collinearity with serum phosphate level (R2 coefficient = 0.82).

Phosphatemia was the only quantitative parameter analysed 
as a categorical variable (normo- versus hyperphosphatemia). All 
quantitative adjustment variables (age and all biological data) were 
analysed as continuous variables. 

The proportional hazard assumption, verified visually by inspection 
of the log time versus log hazard plot for the variable ‘phosphatemia 
level’ was not violated. The log-linear hypothesis was verified for 
continuous variables. Results are reported as hazard ratios [HR] with a 
95% confidence interval [CI] and P-value. A P-value of <0.05 for two-
sided tests was considered significant.

All analyses were performed with the SAS version 9.2 software 
(SAS Institute, Inc., Cary, N.C.)

Results
Patient characteristics

Of the 566 patients enrolled in the AVENIR study, 160 were 
excluded from the present investigation: 146 because they had been 
referred to a nephrologist less than one month before dialysis initiation, 
and 14 because they had no phosphatemia measurement prior to 
dialysis. Overall, 406 patients are therefore considered here. Their 
mean age was 68.2 ± 14.8 years and 61% were men. Most of the patients 
chose hemodialysis (> 85%) as first dialysis treatment and 36.0% began 
this treatment in emergency circumstances. During the pre-dialysis 
nephrological follow-up, 38.1% received a phosphate binder and 21.2% 
a vitamin D supplement.

Phosphatemia was measured during the nephrological follow-up, 
which was between three and six months before dialysis for 51% of 
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patients and longer than six months for 26% (mean follow-up: 10 ± 
3 months). The mean number of phosphatemia measurements per 
patient was 5.1 ± 3.7 (median: 5.0; 1st quartile: 2.0; 3rd quartile: 7.0). The 
mean serum phosphate level of the 406 patients considered was 1.4 ± 
0.6 mmol/L during the pre-dialysis nephrological follow-up. Overall, 
51% of patients considered (n = 216) had hyperphosphatemia before 
dialysis as defined by guidelines [18].

Table 1 summarizes demographic, clinical and biological 
characteristics overall and by the phosphatemia level (normo- versus 
hyperphosphatemia).

Patients with hyperphosphatemia were younger (p<0.001) and had 
a higher BMI (p=0.003). They more often had diabetic nephropathy as 
the primary renal disease and less often had hypertensive nephropathy 
(p=0.008). Concerning biological characteristics, hyperphosphatemia 
was also associated with lower serum calcium (p=0.002) and higher 
parathyroid hormone level (p=0.014), lower hemoglobin (p=0.048) and 
higher cholesterol (0.026). Patients with hyperphosphatemia tended to 
be more likely to be women, to have fewer comorbidities and were less 

likely to have cardiovascular disease and more likely to have diabetes 
mellitus, but these differences did not reach the significance level.

Survival rates
Overall, 81 patients (19.9%) died during the first year of dialysis, 29 

in the hyperphosphatemia group and 52 in the normophosphatemia 
group. Twenty-four patients (5.7%) underwent transplantation 
(median time between dialysis initiation and transplantation = 7.5 
months) and three recovered their kidney function (median time 
between dialysis initiation and withdrawal = 3 months), leaving 298 
patients who were still alive and receiving dialysis therapy at one year.

The bivariate analysis found an association between the 
phosphatemia level and all-cause mortality (Table 2) with an excess 
of risk in patients with normophosphatemia. Patient characteristics 
associated with mortality in the bivarariate analyses (p<0.15) were 
age, first dialysis in emergency circumstances, certain comorbidities 
(cardiovascular, respiratory, diabetes, hypertension),  number of 
comorbidities ≥ 2, and biological parameters such as serum bicarbonate, 
albuminemia and last GFR.

Patient characteristics N Overall 
Phosphatemia
≤1.45 mmol/L
(n=190)

>1.45 mmol/L
(n=216) P-value

Male sex (%) 406 61.0 64.7 57.4 0.131

Age, year (m ± SD) 406 68.2 ± 14.8 72.3 ± 12.1 64.5 ± 16.1 <0.001

Mode of dialysis initiation (%) 406 0.831

   Hemodialysis 86.7 86.3 87.0

   Peritoneal dialysis 13.3 13.7 13.0

Emergency first dialysis (%) 406 36.0 38.4 33.8 0.333

Body mass index, kg/m2 (m ± SD) 396 26.8 ± 5.5 26.0 ± 5.1 27.6 ± 5.7 0.003

Primary renal disease (%) 405 0.008

   Diabetic nephropathy 23.0 19.0 26.4

   Hypertensive nephropathy 23.5 29.1 18.5

   Glomerulonephritis 10.3 6.9 13.4

   Hereditary nephropathy 5.4 7.4 3.7

   Other/unknown 37.8 37.6 38.0 

Comorbid conditions (%)

   Cardiovascular disease 406 60.1 64.7 56.0 0.073

   Diabetes mellitus 406 42.9 39.5 45.8 0.196

   Respiratory disease 406 14.8 15.8 13.9 0.590

   Active malignancy 406 4.7 5.8 3.7 0.321

   At least 2 comorbidities 406 47.3 51.6 43.5 0.105

   Hypertension 406 89.0  90.5 87.5 0.332

Biological parameters (m ± SD)

   Proteinuria, g/24h 406 0.5 ± 0.5 0.5 ± 0.5 0.5 ± 0.5 0.652

   Hemoglobin, g/L 406 112.7 ± 13.7 114.1 ± 14.4 111.4 ± 12.9 0.048

   Serum calcium, mmol/L 401 2.2 ± 0.2 2.2 ± 0.2 2.1 ± 0.2 0.002

   Parathyroid hormone, ng/L 293 279.4 ± 270.5 237.0 ± 205.9 315.1 ± 311.0 0.014

   Serum bicarbonate, mmol/L 369 22.6 ± 3.7 22.9 ± 3.3 22.3 ± 3.9 0.119

   Albuminemia, g/L 320 35.2 ± 6.8 35.5 ± 6.7 34.8 ± 6.8 0.388

   Total cholesterol, mmol/L 324 3.6 ± 1.2 3.5 ± 0.9 3.7 ± 1.2 0.026

   Triglycerides, mmol/L 321 1.9 ± 1.1 1.8 ± 1.3 1.9 ± 1.0 0.561

   Last GFR, mL/min/1.73m2 406 17.6 ± 8.2 18.2 ± 7.5 17.0 ± 8.7 0.148
M ± SD = Mean ± Standard Deviation, GFR = Glomerular Filtration Rate

Table 1: Demographic, clinical and biological characteristics overall and according to serum phosphate level (N=406).
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The multivariate analysis (Table 2) found no association between 
hyperphosphatemia and all-cause mortality (p=0.294). Characteristics 
significantly associated with mortality were: high age (p=0.002), and 
the initiation of dialysis in emergency circumstances, with a risk of 
death 2.16-fold higher for the patients concerned (p=0.009) and low 
serum albumin level (p=0.0002). 

Male sex and diabetes mellitus tended to be associated with 
mortality, but these associations did not reach significance.  

Discussion
This study is the first, to our knowledge, to assess the impact of 

hyperphosphatemia before dialysis on mortality after starting dialysis. 

Bivariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex

Women (ref = Men) 0.74  (0.47-1.17) 0.201 0.53 (0.27-1.05) 0.069

Age (year) 1.07 (1.04-1.10) <0.0001 1.05 (1.02-1.09) 0.002

Mode of dialysis initiation  

Peritoneal dialysis 
(ref = Hemodialysis) 0.60 (0.28-1.03) 0.198

Emergency first dialysis 

Yes (ref = No) 3.44 (2.19-5.40) <0.0001 2.16 (1.22-3.85) 0.009

Body mass index , kg/m2 0.99 (0.95-1.03) 0.590

Cardiovascular disease

Yes (ref = No) 4.52 (2.39-8.53) <0.0001 2.26 (0.82-6.28) 0.117

Diabetes

Yes (ref = No) 1.62 (1.05-2.51) 0.031 1.97 (0.97-3.98) 0.059

Respiratory disease

Yes (ref = No) 1.71 (1.01-2.89) 0.044 1.59 (0.73-3.45) 0.247

Active malignancy

Yes (ref = No) 1.73 (0.75-3.97) 0.197

At least 2 comorbidities 

Yes (ref = No) 3.21 (1.97-5.24) <0.0001 0.97 (0.35-2.73) 0.953

Hypertension

Yes (ref = No) 1.86 (1.04-3.30) 0.036 0.56 (0.26-1.17) 0.120

Primary renal disease

Diabetes 1.29 (0.75-2.23) 0.354

Hypertensive nephropathy 1.29 (0.75-2.21) 0.354

Glomerulonephritis 0.48 (0.17-1.37) 0.170

Hereditary nephropathy 0.00 (0.00-0.00) 0.979

(ref = other nephropathy)

Proteinuria, g/24h 0.79 (0.51-1.23) 0.300

Hemoglobin, g/L 1.09 (0.93-1.28) 0.285

Serum calcium, mmol/L 0.99 (0.97-10.3) 0.924

Parathyroid hormone, ng/L 0.99 (0.99-1.00) 0.074

Serum bicarbonate, mmol/L 1.10 (1.02-1.18) 0.009 1.04 (0.95-1.13) 0.419

Albuminemia, g/L 0.93 (0.90-0.97) <0.0001 0.92 (0.89-0.96) 0.0002

Total cholesterol, mmol/L 0.80 (0.50-1.28) 0.870

Triglycerides, mmol/L 1.01 (0.78-1.30) 0.963

Last GFR, mL/min/1.73m2 1.03 (1.01-1.05) 0.018 0.99 (0.95-1.04) 0.837

Phosphoremia, mmol/L

> 1.45 (ref = ≤ 1.45) 0.46 (0.29-0.72) 0.0008 0.73 (0.40-1.32) 0.294

HR = Hazard Ratio; CI = Confidence Interval, GFR = Glomerular Filtration Rate
Table 2: Association between patient characteristics and mortality during the first year of dialysis (N=406).
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Our results highlight two main findings: first, characteristics of CKD 
patients with hyperphosphatemia are different from those of patients 
with normophosphatemia; second, no association was found between 
pre-dialysis hyperphosphatemia and all-cause mortality during the first 
year of dialysis treatment.

Our results show that patients with hyperphosphatemia are younger 
and more likely to be women than those with normophosphatemia. 
They also more often have diabetes and less often hypertensive 
nephropathy as the primary renal disease, less often have cardiovascular 
comorbidity, and have fewer comorbidities and a higher BMI.

The association between hyperphosphatemia and lower age is 
now well recognized, as it has been shown in several previous studies 
in different settings: in the community setting, this association was 
found in a general population [19], a diabetic population [20], and 
a CKD population [21]; in the hospital setting, the association was 
shown in vascular patients scheduled for major surgery [22] and also 
in a dialysis population [9,10]. Various mechanisms may explain this 
association, including increased undernutrition with age, decreased 
renal phosphate reabsorption, and hormonal factors. The association 
between hyperphosphatemia and female sex has also been reported 
in many previous studies [19,21,23-28]. Reasons for this association 
are as yet poorly understood, but some experimental studies have 
demonstrated that estrogens reduce PTH transcription and vitamin 
D activation as well as increase FGF-23 circulating levels [29]. All 
of these factors contribute to regulating the renal tubular phosphate 
reabsorption capacity and might explain the lower phosphate excretion 
and then the higher serum phosphate level observed in women than 
in men [30]. The literature about the association we found between 
hyperphosphatemia and diabetic nephropathy is largely conflicting: 
some investigators report similar result to ours [21,23,31] but others 
describe the opposite, with less hyperphosphatemia in diabetic CKD 
patients [9,10,19]. Additional studies are warranted to evaluate the 
precise link between diabetes and phosphatemia and its mechanism. 
The association between hyperphosphatemia and less hypertensive 
nephropathy or cardiovascular comorbidity is consistent with previous 
studies [19,31]. This finding may be explained by the fact that patients 
with hyperphosphatemia are younger and more often women, two of the 
main protective factors against cardiovascular disease. The association 
between hyperphosphatemia and a higher BMI has also been shown, 
in both general [31] and dialysis populations [9]. This association may 
easily be explained by the fact that phosphatemia and BMI reflect, 
in the same way, dietary habits and nutritional status. Concerning 
biological results, the association between hyperphosphatemia, 
low serum calcium and high parathyroid hormone level is well 
known in the CKD setting and related to the pathophysiology of 
secondary hyperparathyroidism [13]. The association between 
hyperphosphatemia and low haemoglobin level may be explained by 
resistance to erythropoiesis-stimulating agents in CKD patients with 
secondary hyperparathyroidism [32], while the association with high 
total cholesterol probably reflects nutritional status [9].

Other than the fact that they are more often diabetic, patients 
with hyperphosphatemia present favourable characteristics in 
terms of mortality: they are younger, more often female, have fewer 
comorbidities and are less likely to have cardiovascular disease.

In the bivariate analysis, our study found an association between 
serum phosphate level and all-cause mortality with an excess of risk 
in patients with normophosphatemia. This result may seem surprising 
but can be easily explained by the characteristics of patients with 

hyperphosphatemia. Thus, after adjusting for confounding factors, the 
association between phosphatemia and all-cause mortality does not 
persist. 

The impact of hyperphosphatemia on mortality has recently been 
established in general [15], CKD [13,14] and dialysis populations [8-
12]. Indeed, CKD patients, before or during maintenance dialysis, have 
a mortality rate much higher than the general population, the main 
cause of death being cardiovascular events [33-35], due to increased 
vascular stiffness and left ventricular hypertrophy. The pathophysiology 
is multifactorial and incompletely understood, but tissue and vascular 
calcifications appear to be central. These calcifications seem to result 
from two concurrent mechanisms[36,37]: passive deposition of 
phospho-calcium crystals in the vessel wall, and active transformation 
of vascular smooth muscle cells into chondrocytes or osteoblast-like 
cells promoting mineralization of vascular walls. Mechanisms in the 
general population seem to be similar, with increased arterial stiffness 
and subclinical atherosclerosis when phosphatemia is elevated [24,31].

The above-mentioned studies in the nephrology setting assessed 
the relationship between phosphatemia and mortality in either a CKD 
[13,14] or a dialysis population [8-12]. However, no-one has looked, 
to date, at the impact of pre-dialysis hyperphosphatemia on dialysis 
mortality. Our study found no significant association between pre-
dialysis hyperphosphatemia and mortality during the first year of 
dialysis, but whether this finding is due to a lack of power related to 
our limited sample size is not known. Investigations assessing serum 
phosphate level before and after dialysis onset may indirectly answer the 
question. Furthermore, larger studies are warranted to confirm or refute 
the absence of a relationship between pre-dialysis hyperphosphatemia 
and all-cause and cardiovascular dialysis mortality. 

Other factors significantly associated with mortality in our study 
are already well known and comprehensively described in the literature: 
advanced age, first dialysis in emergency circumstances [38-40], and 
low serum albumin level [41,42]. 

The main limitation of our study is that we cannot eliminate the 
possibility that the results are flawed by a lead-time bias which may arise 
when patients are included at the time of dialysis initiation. Actually, 
we do not consider here deaths that occurred before the initiation of 
dialysis, and we cannot exclude the possibility of an association with 
high phosphate levels. 

The second limitation is due to our limited sample size of 406 
patients. As the number of patients included is restricted, the number 
of events is similarly restricted and we cannot be sure that the lack of 
relationship between pre-dialysis hyperphosphatemia and mortality 
during dialysis is not due to a lack of power. Furthermore, we could 
not investigate the relationship between hyperphosphatemia and 
cardiovascular mortality for the same reason.

The third limitation is related to the exclusion of 160 patients 
because of a lack of baseline laboratory data. However, a selection 
bias resulting from the excluded patients is quite unlikely as they did 
not differ from included patients in their principal demographic and 
clinical characteristics (age, sex, comorbid conditions). Nevertheless, 
these exclusions lead to a loss of statistical power. The fourth limitation 
is that, despite adjustment for main determinants of mortality, 
residual confounding because of the lack of data on variables such 
as socioeconomic factors, for which we could not account, may still 
exist. Finally, results on urinary phosphate excretion and FGF-23 levels 
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would have been of interest to interpret the data, but these parameters 
are not measured in current practices.

Our study supports two main conclusions. First, CKD patients 
with hyperphosphatemia differ from those with normophosphatemia. 
Other than the fact that they are more often diabetic, patients with 
hyperphosphatemia present favourable characteristics in terms of 
mortality. This result highlights the fact that risk and protective factors 
for mortality have to be considered as a whole by clinicians when 
therapeutic decisions are made. Indeed, we can imagine a phosphate 
binder treatment to be particularly the more intensive given that 
a patient has more cardiovascular risk factors. Second, we found no 
association between phosphatemia and all-cause mortality, but larger 
studies, using all-cause and also cardiovascular mortality as outcomes, 
are warranted to confirm or refute the absence of this relationship.
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