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Abstract
BACKGROUND/OBJECTIVES—Significant controversy exists as to the meaning of a low
glomerular filtration rate (GFR) in the elderly. The goal of the study was to evaluate whether
elderly patients with low GFR are at risk for anemia, hyperkalemia, acidosis, and
hyperphosphatemia.

DESIGN—Retrospective study

SETTING—Veterans Affairs Medical Center

PARTICIPANTS—All patients over 65 years of age with chronic kidney disease (CKD) and a
GFR between 15 and 60 mL/min/1.73m2.

MEASUREMENTS—Anemia was defined as a hemoglobin <10g/dL, hyperkalemia as a
potassium >5.5mEq/L, acidosis as a bicarbonate <21mEq/L, and hyperphosphatemia as a
phosphorus >4.6mg/dL. Multivariable logistic regression was used to evaluate whether age
modifies the effect of low GFR on metabolic complications by including an interaction term
between age and GFR in each model.

RESULTS—13874 veterans were included in the study. The average age was 79, the average
GFR was 46.5; 3.1% had anemia, 2.5% hyperkalemia, 2.3% acidosis, and 4.4% had
hyperphosphatemia. Lower GFR was associated with increased rates of metabolic complications
across all age groups (odds ratio per 5mL/min/1.73m2 decrease in GFR in multivariable models
was 1.21 for anemia, 1.26 for hyperkalemia, 1.45 for acidosis, and 1.72 for hyperphosphatemia).
There was no significant interaction between age and GFR in models including only age and GFR
or in multivariable models (p values for the age X GFR interaction term: 0.66 for anemia, 0.19 for
hyperkalemia, 0.54 for acidosis, and 0.22 for hyperphosphatemia).
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CONCLUSION—Elderly patients with CKD are at risk for anemia, hyperkalemia, acidosis, and
hyperphosphatemia; age does not modify the relationship between GFR and development of
metabolic complications. Elderly patients with low GFR should be monitored for metabolic
complications, regardless of age.
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INTRODUCTION
The prevalence of chronic kidney disease (CKD) is very high in the elderly population;
more than 35% of patients over 70 years of age have stage 3 CKD or higher.1 In addition,
the increasing prevalence of CKD in the US is driven largely by growth in elderly subjects
with CKD.1 These estimates of CKD prevalence are based on the current K/DOQI definition
of CKD (presence of a glomerular filtration rate (GFR) less than 60 ml/min/1.73m2 and/or
proteinuria).2 There has been significant controversy as to the meaning of a low GFR in the
elderly. Some investigators argue that gradual decline in GFR is an expected consequence of
aging, and that rigid cut-offs of GFR result in arbitrary “labeling” of patients with a disease,
especially at levels of GFR considered to be mild CKD (GFR 45–59 ml/min/1.73m2).3

CKD increases the risk of end-stage renal disease (ESRD) among the elderly, although the
magnitude of risk is significantly lower compared to younger patients with CKD. The
decreased magnitude of risk is presumably due to elderly patients’ increased risk for all-
cause mortality and possibly a slower rate of decline in renal function.4–6 In addition, the
increased cardiovascular risk conferred by CKD is seen, perhaps even accentuated, in the
elderly with CKD.7, 8

Another approach to evaluate the significance of a low GFR in older patients is to assess
whether lower GFR is associated with the presence of metabolic abnormalities typically
seen in CKD such as anemia, hyperkalemia, acidosis, and hyperphosphatemia. Recent
reports from the KEEP and NHANES studies indicate that metabolic abnormalities often
accompany the diagnosis of CKD among patients over 65 years of age.9 However, whether
the association between low GFR and metabolic complications is consistent across advanced
age groups has not been evaluated. A robust association of the presence of metabolic
abnormalities with low GFR regardless of age would argue against the benign prognosis
implied by the “aging related decline in GFR” theory and reinforce the importance of the
diagnosis of CKD using current cut-offs of GFR. On the other hand, if low GFR in older
patients is less likely to be associated with the presence of metabolic abnormalities of CKD,
perhaps a lower GFR threshold should be established for diagnosis of CKD in older patients.

The objective of the present study was to a) report the prevalence of anemia, hyperkalemia,
acidosis, and hyperphosphatemia in a cohort of older patients with CKD and b) determine
whether the association between GFR and anemia, hyperkalemia, acidosis, or
hyperphosphatemia is modified by advanced age.

METHODS
We performed a retrospective cross-sectional study of patients in Veterans Affairs Integrated
Service Network (VISN) 10. The study was approved by the Louis Stokes Cleveland VA
Medical Center’s Institutional Review Board. The following data were collected from the
VISN 10 data warehouse: demographic information, laboratory data, medications, and
ICD-9 codes. Inclusion criteria were a) age 65 years or greater, b) an index outpatient GFR
(calculated using the 4 variable MDRD equation) in 2008 between 15 and 60 ml/min/
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1.73m2, and c) an outpatient GFR less than or equal to 60 ml/min/1.73m2 between 90 and
365 days prior to the index GFR.10 Subjects on dialysis or who had received a kidney
transplant were excluded. The most recent laboratory values simultaneous with or in the six
months prior to the index GFR were used to assess for the metabolic complications of
anemia, hyperphosphatemia, hyperkalemia, and acidosis. Greater than 99% of the potassium
and bicarbonate levels were concurrent with the index GFR while 84% of the hemoglobin
and 73% of the phosphorus levels were concurrent with the index GFR. For the minority of
subjects with a metabolic complication laboratory value prior to the index GFR, the average
time from the laboratory evaluation to the index GFR was 129 days for potassium, 112 days
for bicarbonate, 103 days for hemoglobin, and 100 days for phosphorus.

Anemia was defined as a hemoglobin less than 10 g/dL.11 Hyperkalemia was defined as a
potassium greater than 5.5 mEq/L, a level above which KDOQI guidelines recommend
discontinuing angiotensin converting enzyme inhibitors/angiotensin receptor blockers
(ACE-I/ARBs).12 Acidosis was defined by a serum bicarbonate level less than 21 mEq/L
and hyperphosphatemia as a phosphorus level greater than 4.6 mg/dL according to the
KDOQI clinical practice guidelines for nutrition and bone metabolism and disease.13, 14

Secondary analyses were conducted evaluating the most extreme laboratory value
concurrent with or in the year prior to the index GFR (lowest hemoglobin, highest
potassium, lowest bicarbonate, and highest phosphorus).

Diabetes was defined by 2 or more ICD-9 codes (250–250.xx) or receipt of 2 or more
medications for diabetes prior to the index GFR. Hypertension was defined by two or more
ICD-9 codes (401–405.xx) prior to the index GFR or 2 or more clinic blood pressures
greater than 130/80 mmHg in the 2 years prior to the index GFR. Cancer was defined by 2
or more ICD-9 codes (140–208, 230–234, V10) prior to the index GFR. VA administrative
ICD-9 codes for patient comorbidities have been demonstrated to have greater than 90–95%
sensitivity and specificity.15

The subjects were stratified by age and baseline characteristics were described using mean
and standard deviation for continuous variables and percent for categorical variables.
Differences between groups were evaluated using ANOVA for continuous variables and
Pearson’s chi-square test for categorical variables. Multivariable logistic regression models
were used to evaluate the association between GFR and anemia, hyperphosphatemia,
hyperkalemia, and acidosis adjusting for age, race, diabetes, hypertension, cancer, and use of
phosphate binders, ACE-I/ARB, erythropoietin, and iron. To evaluate whether age modifies
the effect of low GFR on metabolic complications, an interaction term including age and
GFR was included in each model. The assumed linear association between GFR and log
odds of metabolic complications was evaluated. Analyses were conducted using R version
2.12.2 (http://www.r-project.org).

RESULTS
There were 144,629 patients who had a GFR checked in calendar year 2008. Of these,
13,874 met the inclusion and exclusion criteria and were included in the present analyses
(see Figure 1 for details). Of the 13,874 eligible subjects, 13,848 had a potassium, 13,773
had a bicarbonate, 3,432 had a phosphorus, and 11,200 had a hemoglobin value concurrent
with or in the 6 months prior to the index GFR.

Baseline characteristics by age group are shown in Table 1. Elderly subjects were less likely
to be black and had lower rates of hypertension and diabetes but higher rates of cancer.
Average bicarbonate levels were similar across the groups but older age was associated with
lower hemoglobin levels (see Table 1). The rates of hyperphosphatemia, acidosis,
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hyperkalemia, and anemia at any time concurrent with or in the 6 months prior to the index
GFR by age and GFR categories are displayed in Figure 2 for descriptive purposes only (all
statistical analyses are conducted with age and GFR as continuous variables).

Logistic regression models were constructed with metabolic complications in the 6 months
prior to the index GFR as the dependent variables. None of the interaction terms between
age and GFR were significant. This was true for models that included only age and GFR and
for multivariable models (P values for the age × GFR interaction term: 0.66 with anemia as
the outcome, 0.19 with hyperkalemia, 0.54 with acidosis, and 0.22 with
hyperphosphatemia). A decrease in GFR was associated with increased odds for all
metabolic complications in models including only age and GFR as well as multivariable
models (adjusting for age, GFR, race, diabetes, hypertension, cancer, and use of phosphate
binders, ACE-I/ARBs, erythropoietin, and iron). The adjusted odds ratios (95% confidence
interval) for a decrease in GFR from 35 to 30 ml/min/1.73m2 were 1.21 (1.15 to 1.28) for
anemia, 1.26 (1.19 to 1.32) for hyperkalemia, 1.45 (1.37 to 1.52) for acidosis, and 1.72 (1.50
to 1.96) for hyperphosphatemia (all P values ≤ 0.001). There was no significant colinearity
between age and GFR; the variance inflation factors for age and GFR were less than 2 in all
multivariable models. Additionally, there was no evidence of a non-linear relationship
between GFR or age and any of the outcomes with the exception of GFR and
hyperphosphatemia. However, the relationship between GFR and hyperphosphatemia was
linear when analyses were limited to subjects with a GFR less than 45 ml/min/1.73m2.
Secondary analyses with lowest hemoglobin, lowest bicarbonate, highest potassium, and
highest phosphorus in the 12 months prior to the index GFR as dependent variables
produced similar results.

Increasing age was significantly associated with increased odds for anemia in the model
including only age and GFR (odds ratio (OR) per 5 year increase: 1.18 (95% CI: 1.09 to
1.29) and the fully adjusted model (OR: 1.23; 95% CI: 1.13 to 1.35). Conversely, increasing
age was significantly associated with decreased odds for hyperphosphatemia after
adjustment for GFR (OR: 0.79; 95% CI: 0.69 to 0.89) as well as in multivariable adjusted
models (OR: 0.82; 95% CI: 0.72 to 0.94). There was no association between age and either
hyperkalemia or acidosis.

DISCUSSION
This study demonstrates that, among older patients with CKD, lower GFR is associated with
the presence of metabolic complications of CKD such as anemia, hyperkalemia, acidosis,
and hyperphosphatemia, regardless of age. K/DOQI guidelines recommend monitoring for
metabolic complications in all patients with CKD; based on our results, these
recommendations should be applied to all age groups.2

Previous research has demonstrated significant changes in renal physiology and function
with aging. Over 50 years ago, Davies et al demonstrated that both renal plasma flow and
GFR decrease with advanced age.16 Additionally, the renin angiotensin system is suppressed
in the elderly, both at baseline and in response to a potassium load.17, 18 More recently,
elderly kidney donors have been found to have increased nephrosclerosis on biopsy which is
independent of multiple risk factors including measured GFR, hypertension, urine albumin
excretion, and nighttime blood pressure.19 Observational studies have found an association
between aging and increased risk for acute kidney injury.20, 21 Finally, the elderly are at
increased risk for anemia. In NHANES, both decreased GFR and old age were associated
with anemia.22 Whether age modified the relationship between GFR and anemia is unknown
as no test for interaction was performed.22
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Furthermore, altered renal tubular function in the elderly may result in electrolyte
abnormalities. Aging is associated with decreased tubular reabsorption of phosphorus which
is manifested clinically by lower phosphorus levels in the elderly.23, 24 Studies have
revealed decreased net acid excretion in response to ammonium chloride loading among the
elderly as well as an association between advanced age and metabolic acidosis which is
independent of GFR.25, 26 Finally, old rats had increased potassium after a potassium load
compared to young rats and were unable to increase potassium excretion in response to a
high potassium diet.27

Our study indicates that aging by itself, is not associated with hyperkalemia or acidosis. This
implies that any decline in renal function that occurs as a consequence of aging is modest,
and may not sufficiently impair glomerular and distal tubular function to result in these
metabolic consequences. However, increasing age was associated with decreased risk for
hyperphosphatemia, possibly an indication of impaired proximal tubular function. In
addition, aging was independently associated with anemia, a finding that has been reported
in other cohorts.22 It is possible that factors other than kidney function may contribute to
anemia in older adults.28

On the other hand, lower GFR is independently associated with the presence of metabolic
abnormalities irrespective of age. This is an important finding that informs the debate about
the significance of lower GFR in older adults. Recent studies have shown that there is an
“epidemic” of chronic kidney disease driven primarily by growth in the older population.1

This has stimulated the development of a large number of clinical and research programs
targeted at CKD.29, 30 Some authors have been critical of this approach, arguing that
diagnosis of CKD based on modest reductions in GFR, especially in the elderly, artificially
inflates the estimates of chronic kidney disease.3 In this context, our data indicate that the
increased risk for metabolic complications with low GFR is not modified by advanced age,
and that elderly patients with reduced GFR are likely to have metabolic consequences such
as anemia, hyperkalemia, acidosis, and hyperphosphatemia, all of which have diagnostic and
therapeutic implications. It is worth noting that rates of acidosis, anemia, and hyperkalemia
increase linearly with decreasing renal function whereas hyperphosphatemia is seen mainly
at more advanced stages of CKD.

Other studies have shown that elderly with CKD are at increased risk for clinical outcomes
of cardiovascular disease, AKI, and ESRD.5, 7, 8 Therefore, the data support that elderly
patients with low GFR have increased risk across the spectrum of biochemical and clinical
outcomes and argue against the benign prognosis implied by “age related decline in GFR”.
Furthermore, these data reinforce the importance of the diagnosis of advanced CKD using
current cut-offs of GFR. Clinically, our results support recommendations for monitoring
patients with advanced CKD for metabolic complications, regardless of age. The majority of
the growing elderly CKD population is not seen in nephrology clinics; therefore,
geriatricians should be aware of the need to monitor for metabolic complications in their
patients with CKD.

Strengths of our study include the large sample size. Additionally, our assessment of
metabolic complications is based on laboratory data, as opposed to billing or administrative
data. We evaluated multiple metabolic complications and found consistent results for the
most recent laboratory values prior to the index GFR as well as the most extreme values in
the year prior to the index GFR. Finally, we were able to adjust for multiple potential
confounders including comorbidities, medications, and laboratory values. However, our
study has a few limitations that need to be considered. The study relies on laboratory values
obtained in the course of clinical care which could introduce bias. Our assessment of
metabolic complications was concurrent with our assessment of renal function in a majority
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of patients, but not all. The cohort is predominantly male, typical of the elderly VA
population. While the majority of patients receive medications from the VA pharmacy, we
are unable to account for medications filled at outside pharmacies. Our study does not
include middle aged subjects. In addition, residual confounding may exist despite
adjustment for known covariates. Finally, tests for interaction may be underpowered.

CONCLUSION
In conclusion, we demonstrate that, similar to younger patients with CKD, elderly patients
with low GFR are at risk for anemia, hyperkalemia, acidosis, and hyperphosphatemia. Based
on these results, it is important to monitor elderly patients with low GFR for these metabolic
complications. Whether the benefit, if any, of treating these metabolic complications is
consistent across age groups is unknown.
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Figure 1. CONSORT Diagram
Abbreviations: GFR, glomerular filtration rate.
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Figure 2. Metabolic complications by age and GFR category (%)
Abbreviations: GFR, glomerular filtration rate.
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