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The Importance of Serum Albumin and Phosphorous as Predictors

of Mortality in ESRD Patients

Paul J. Phelan, Patrick O’'Kelly, Joseph J. Walshe, and Peter J. Conlon

Department of Nephrology, Beaumont Hospital, Dublin, Ireland

Secondary hyperparathyroidism and abnormal calcium/
phosphate balance are common complications of ESRD and
significant cardiovascular risk factors. It has also been demon-
strated that malnourished dialysis patients have a much higher
mortality than well-nourished patients. There is a lack of
research looking at combined mortality with altered mineral
metabolism and alow serum albumin.Using our renal database,
we analyzed outcomes on 1,007 chronic diaysis patients, com-
mencing dialysis between January 1990 and December 2004. The
association between median values of serum phosphate, calcium,
albumin (between three and six months post-commencement of
dialysis), and long-term survival was examined. Cox propor-
tional hazards models were used to determine the combined
effects of these variables on patient outcome. The results
showed that 18% of patients had serum phosphorous >1.8
mmol/L (5.5 g/dL), and the five-year survival of these patients
was 48.4% compared with 58.6% for those with a serum phos-
phorous <1.8 mmol/L (p = 0.047). For serum albumin, 34.9%
had a value <35 g/L, and this group also had a highly signifi-
cant risk of increased mortality (p < 0.001). When combined
with corrected calcium, 40.9% of patients reached al three tar-
get levels and had the greatest long-term survival (five-year
survival of 62.5% for al three targets reached, compared to
30.7% for O or 1 targets reached). Poor control of calcium/
phosphorous balance appears to have long-term deleterious
effects on patient survival in ESRD patients. This risk of death
isincreased by poor serum albumin levels reflecting inadequate
nutrition.
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INTRODUCTION

Mortality rates among maintenance dialysis patients
remain high. Cardiovascular disease accounts for
approximately 50% of deaths in patients with ESRD.[4
Many of the identified risk factors for mortality in this
population are not modifiable (age, gender, race, co-
morbidity). Of those that are, anemiais no longer a major
cause of morbidity and mortality due to widespread use of
erythropoietin. Hyperphosphatemia and elevated cacium x
phosphate product are also potentially modifiable and
have been considered risk factors for cardiovascular dis-
ease for many years.®l

Poor nutrition has also been found to confer a worse
prognosis in hemodialysis populations. As no single
laboratory or anthropomorphic value gives a complete
and accurate assessment of nutritional status, several
measurements have been studied. Piper et a. analyzed
multiple indicators over a six-month period, including
BMI, modified subjective global assessment, normalized
protein catabolic rate, and serum albumin, creatinine, and
bicarbonate.®!

Elevated serum calcium, phosphate, and calcium-
phosphate product (Ca x P) have been associated with
increased all-cause and cardiovascular mortality in ESRD
patients.[®”] There have been some limitations to previous
studies that examined the association between mineral
metabolism and mortality. These have included the use of
only one value for serum calcium and phosphate at a sin-
gle point in time, and most of the larger studies have been
exclusive to hemodialysis patients.[57]

Data from DOPPS has shown us that only a very
small proportion of diaysis patients achieve bone and
nutritional parameters within K-DOQI guidelines.[®l There
has been little data on which markers of abnorma minera
metabolism are most strongly associated with mortality.
Asiit is frequently difficult to control for al of these val-
ues, it would be beneficia to know which markers should
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be primarily targeted. We hypothesized that serum albu-
min and phosphorous are most closely associated with
mortality, and that the effects of each was cumulative.

PATIENTSAND METHODS
Data Source

The study patients were drawn from a dedicated renal
datebase at Beaumont Hospital, which represents the
largest dialysis unit in Ireland. All patients commencing
maintenance hemodialysis (HD) and peritoneal dialysis
(PD) between January 1990 and December 2004 were
considered for inclusion in the study. Actual follow-up of
patients commenced 90 days after commencing renal
replacement therapy (RRT) to exclude patients with acute
renal failure. Patients were followed up until death or till
the end of the study period, which was June 2006. Patients
transferred to other dialysis units were censored at time of
transfer. Renal transplant recipients were not censored at
time of transplantation unless the post-transplant follow-
up was at a center other than Beaumont Hospital.

Demographic information was contained in the data-
base and was used in the analysis, namely, age at com-
mencement RRT and gender.

Measurements of serum calcium, phosphorous and
albumin were taken between three and six months after
commencing dialysis.

Serum phosphorous, abumin, and corrected calcium
levels were allocated into categories according to U.K.
Renal Association guidelines!®! (Calcium levels were cor-
rected for serum albumin as follows: For albumin <40 g/L,
corrected calcium = calcium + (0.02) x (40-albumin). )
The guidelines stipulate that phosphorous levels be less
than 1.8 mmol/L, serum albumin levels equal or above
35¢g/L, and corrected calcium levels of between 2.2 and
2.6 mmol/L. The analysis of the above variables focuses
on two approaches. Thefirst looks at the sum of the guide-
lines achieved for each patient between three and six
months and whether the attainment of a maximum num-
bers of guidelines accrues a significant benefit to patients.
The second approach examines the individua variablesin
a collective model with the addition of possible con-
founder variables. This approach tests for independent
significance of the various predictors on outcome.

Statistical M ethods

Log rank tests were used to compare surviva
between groups for univariate tests. Kaplan-Meier survi-
vor functions were used to construct survival graphs.

Cox proportional hazard ratio methods were used to
assess the various risk factors on patient outcome in a
single model. Adjustments were made for age, gender,
and mode of dialysis treatment. Software used in the
analysis was Stata (version 8, College Station, Texas,
USA). A p vaue of the predictor variables of less than
0.05 was deemed significant.

RESULTS

Clinical data and follow-up times were available for
1,007 patients. Baseline demographic characteristics at
three months after commencement of dialysis showed a
mean age of 55.9 years (SD = 18.1 years) and a 61/39
percent mae-to-female ratio, and the intention to treat
RRT was 70% HD with the remainder commencing on
PD. Mean follow-up time was 4.5 years (maximum follow
up 16.7 years).

There were a mean of 10.1 measurements available
for calcium, 9.8 for phosphorous, and 5.75 for albumin in
the three- to six-month period after commencing dialysis.
Median values of these were used.

Table 1 details the number and percent of patients who
achieved the individua guideline targets. Approximately
84% of patients achieved two or more targets. The benefit
of reaching the greatest number of target guidelines at
three months is illustrated in Figure 1. Five-year survival
for those reaching 0 or 1 guidelines is 30.7% (95% CI
22.9-38.7%), 49.7% (95% Cl 44.4-54.8%) for two guide-
lines reached, and 64.4% (95% CI 57.0-67.4%) for all
three targets achieved. This result is confirmed as signifi-
cant with alog rank test (p < 0.001).

A Cox proportional hazards model (see Table 2)
details the benefits of attaining both serum phosphorous
and albumin guidelines on outcome. Albumin is
highly significant in this model, with phosphorous
achieving a less significant result. Notably, PD tech-
nigue and lower age are also significant predictors of
improved outcome.

Tablel
Sum of guidelines reached at three
months after start RRT

Number of Number of patients
guidelines reached meeting guidelines (%)
0 17 (2)
1 143 (14)
2 435 (43)
3 412 (41)
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Figurel. Age-adjusted Kaplan-Meier survival curvesfor the two categories of serum phosphorous.

Table 2
Cox model detailing mortality outcome for guidelines achieved
Percent meeting
Variable guidelines Hazard ratio 95% ClI p
Phosphorous <1.8 mmol/L 821 0.781 0.616 —0.992 0.043
Albumin >35 g/L 65.1 0.412 0.340-0.501 <0.001
Corrected calcium 2.2-2.6 mmol/L 76.1 1.158 0.932-1.439 0.185
Age at 90 days after start RRT — 1.048 1.041-1.055 <0.001
Gender — 0.956 0.793-1.154 0.644
Peritoneal dialysistechnique — 0.709 0.573-0.879 0.002

The one- and five-year age-adjusted patient survival
for those reaching phosphorous guidelines was 88.6% and
58.6%, respectively, compared to those outside the guide-
lines of 84.3% and 48.4%, respectively (see Figure 1). Log
rank test p value = 0.047.

For serum albumin, the corresponding patient survival
for those achieving the guidelines versus those who did
not at one and five years was 93.9% and 65.1% versus
73.4% and 37.2%, respectively (see Figure 2). Log rank
test p value was <0.001.

Corrected calcium guidelines did not have the same
influential effect on mortality outcome with similar one-

and five-year patient survival rates of 86.6% and 56.0%
for those within the guidelines compared to 88.6% and
57.4% for those outside the guidelines (see Figure 3). Log
Rank test p value = 0.452.

Combining the above data, 17% of patients
achieved zero or one target guideline, and more than
40% achieved two or all three targets (see Figure 4).
Survival for those achieving three targets was consi-
stently better than the two-target group, which itself
was better than those achieving zero or one targets. This
was across the full follow-up from 1 to 10 years (see
Figures 5 and 6).
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Figure2. Survival curves for the two categories of serum albumin level.
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Figure3. Age-adjusted Kaplan-Meier survival curvesfor the two categories of corrected calcium.
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Figure4. Percentage of patients achieving normal values for serum phosphorous, corrected calcium and abumin.
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Figure5. Age-adjusted Kaplan-Meier survival curves for patients achieving the different number of targets.

DISCUSSION

Our study reinforces the association between altered
mineral metabolism and mortality in ESRD patients.
Increased cardiovascular mortality has been the presumed
mechanism, as has been observed in previous studies.[®1%
Goodman et al. showed that young dialysis patients with
higher levels of phosphorous and calcium phosphorous
product had more extensive coronary calcification.[*3

Kawagishi et al. used high-resolution ultrasound to show a
strong association between carotid artery calcification and
serum phosphorous!*? Previous studies have aso
described the transformation of vascular smooth muscle
cells into osteoblasts in uremic patients!*¥ These observa-
tions are consistent with the presumed mechanism of accel-
erated vascular disease seen inthe dialysis population.
Results from DOPPS show how poorly we treat
deranged mineral metabolism in our ESRD patients.
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Figure6. Percentagesurviva at 1, 3, 5, and 10 years, depending on number of targets achieved for corrected cal cium, phosphorous,

and albumin.

In DOPPS |1, only 44.4% of patients had serum phospho-
rous within K-DOQI guidelines, 42.5% for calcium,
61.4% for Ca x P product, 26.2% for iPTH, and a mere
55% achieving al four targets!® Similarly abysmal
results are reproduced in other studies.™¥ It is not yet
known how new therapies such as calcimimetic and newer
activated vitamin D treatments will affect survival.

We examined the association between mortality and
hyperphosphatasemiain all patients requiring maintenance
peritoneal and hemodialysisover afifteen-year period. We
divided patients into groups above and below a serum
phosphorous of 1.8 mmol/L. Only 18% of patients had
average values above this level, which compares well
internationally.’® Serum phosphorous and particularly
abumin were independently associated with increased
mortality. This difference was seen as early as the first
year.

A direct relationship was not seen between corrected
calcium values and relative risk of death. There have been
contradictory findings in the literature regarding calcium
concentrations and mortality in ESRD patients. Foley et al.
reported an association between calcium levels <8.8 mg/
dL and death in 433 hemodialysis patients followed for 41
months.[*®! However, Block et al. described a direct rela-
tionship between calcium and RR of death across the full
spectrum of serum calcium concentrations.®! Despite no
identified relationship between cacium and mortaity,
patients achieving normal values for phosphorous, albumin,

and calcium did better than those only achieving two nor-
mal variables.

Previous observations by Block et a., among others,
have shown an association between high PTH and al-
cause mortality.[®17 It was a weaker association than that
between phosphorous and mortality, and the RR was
driven primarily by patients with very high values (>900
pg/mL). We examined a model including iPTH in which
values above and below 300 pg/mL were compared. No
effect on mortality was observed in our study, possibly
due to the fewer patients with available iPTH values.
Another potentia reason is that the effects of very high
PTH levels may have been cancelled out by the very low
levels. These low levels of iPTH may be just as harmful as
the high levels.[*8!

Good nutritional status in both hemodialysis and peri-
toneal dialysis patients confers a better prognosis. This has
been shown using high body and muscle mass as measures
of nutrition.’%?% Conversely, signs of under-nutrition
such as low body mass, low blood urea nitrogen, and low
serum albumin have been associated with decreased sur-
vival.?l Hypoalbuminemia has been consistently shown
to be an independent risk for mortality in ESRD. This may
be due to increased cardiovascular risk as suggested by
Cooper et a., who demonstrated that low serum albumin
when commencing dialysis predicted new vascular events
during follow-up.?? There has been little evidence exam-
ining the cumulative effect of poor nutrition with abnormal
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bone mineral metabolism. Patients with low serum albu-
min are frequently expected also have low serum phospho-
rous levels due to poor nutrition. However, a large
proportion of our patients had a low serum abumin and
high phosphorous, and it conferred aworse prognosis.

We acknowledge the inherent limitations of observa-
tional studies in evaluating the outcome of this study.
Also, our sample size is not as great as in other studies.
However, we obtained several values for phosphate, cal-
cium, and albumin over a three-month period, in compari-
son with other larger studies where a single measurement
was used.

In summary, this study of maintenance dialysis
patients identifies hyperphosphatemia and hypoa bumine-
mia as strong risk factors for all-cause mortality. These
results support the hypothesis that altered mineral metabo-
lism is a major cardiovascular risk factor in diaysis
patients, and this risk is significantly worsened by inade-
guate nutrition. It also highlights the need for new thera-
pies to control renal bone disease and the importance of
dietetic support in the ESRD population.
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