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Abstract
Objectives—To estimate in a community-dwelling elderly population the magnitude of renal
function misclassification, occurring when persons with normal serum creatinine have reduced
glomerular filtration rate (GFR), and to describe the participant characteristics related to
misclassification.

Design—Cross-sectional.

Setting—Population-based study of older Italian people.

Participants—Six hundred sixty participants aged 65 to 92 with normal serum creatinine.

Measurements—GFR was estimated using the Cockcroft–Gault equation and creatinine clearance
(CrCl) calculated from 24-hour urine collection.

Results—In participants with normal serum creatinine, 39% and 25% had moderate renal function
impairment (GFR<60 mL/min) according to the Cockcroft–Gault equation and CrCl calculation,
respectively. Prevalence of moderate renal impairment in those aged 65 to 74, 75 to 84, and 85 and
older was 18.6%, 58.3%, and 96.8%, respectively (P for trend <.001) according to the Cockcroft–
Gault equation, and 15%, 35.7%, and 58.7%, respectively (P for trend <.001) based on the CrCl
calculation. In addition, female sex (P<.001) and normal or underweight (P<.05) were factors
associated with high risk of misclassification.

Conclusion—Serum creatinine alone is one of the most widely used methods of assessing renal
function in clinical practice despite its well-known poor correlation with GFR. A large proportion
of older persons with impaired renal function are not diagnosed if clinicians rely solely on normal
serum creatinine as evidence of normal renal function. Opportunities may be missed for slowing
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progression of kidney disease, managing comorbidities and complications related to renal
impairment, and adjusting drug dosage for renal function.
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GFR; creatinine; misclassification bias; elderly

Kidney function is assessed in clinical practice to screen for kidney disease, to adapt dosage
of medications for renal clearance, and to follow the evolution of known kidney disease.
Because renal disease has different clinical presentations and patients are often asymptomatic,
it is important to assess kidney function as accurately as possible, especially in older adults,
since there is a progressive decline in renal function with age.

Glomerular filtration rate (GFR) is the best quantification of kidney function,1 but because it
cannot be measured directly, it is estimated from serum concentration or urinary clearance of
a filtration marker. Exogenous filtration markers such as inulin, which is the criterion standard
filtration marker, give accurate estimates of GFR,2 but determining them is complex and
expensive, has potential complications, and is inappropriate for general use.

Currently, serum creatinine is the most widely used method of assessing renal function in
clinical practice, although it has been well established that serum creatinine alone may not be
well correlated with true GFR.3,4 Indeed, as renal function declines, tubular creatinine
secretion increases, leading to a blunted and delayed rise in serum creatinine concentration,
which reaches the abnormal range only when more than half of the total filtration rate is lost.
3 Furthermore, because creatinine is derived from the metabolism of creatine in the muscle
and from dietary meat intake, factors related to reduced muscle mass, a potential problem in
old age, and low dietary meat intake have a strong effect on serum creatinine concentration.
4 To account for muscle mass, different estimation equations of GFR adjust serum creatinine
concentration for different demographic characteristics and body composition variables. These
include the Cockcroft–Gault equation5 or the Modification of Diet in Renal Disease (MDRD)
Study equation.6

Despite the fact that serum creatinine is well known to be poorly correlated with GFR, and
despite availability of different estimation equations, many clinicians continue to rely solely
on serum creatinine as a measure of renal function and interpret a normal serum creatinine as
indicating normal renal function. But how many patients with impaired kidney function are
missed when relying on serum creatinine alone? Do women have the same risk of
misclassification as men? Does this risk change according to body mass index (BMI)? The
purpose of this article is to estimate the magnitude of renal function misclassification in a
community-dwelling elderly population with normal serum creatinine values and to describe
the participant characteristics related to misclassification.

Methods
Study Design and Population

This study used baseline cross-sectional data from the Invecchiare in Chianti Study
(InCHIANTI; Aging in the Chianti area), a prospective population-based study of people living
in the Chianti geographic area (Tuscany, Italy) that the Laboratory of Clinical Epidemiology
of the Italian National Research Council on Aging (INRCA, Florence, Italy) planned in
collaboration with the Laboratory of Epidemiology, Demography, and Biometry at the National
Institute on Aging (NIA). Baseline data were collected between September 1998 and March
2000. A detailed description of the population sample and data collection has been previously
published.7 The study met criteria outlined in the Declaration of Helsinki, and the INRCA
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ethics committee approved the InCHIANTI Study protocol. All subjects agreed to participate
in the study and provided written informed consent.

The InCHIANTI Study population consisted of 1,155 participants aged 65 to 102 randomly
selected using a multistage stratified sampling method. Exclusion criteria for these analyses
were urine collection of less than 22 hours and missing values for BMI and serum creatinine.
In addition, to examine persons with normal serum creatinine, the analyses excluded
individuals outside the normal range as previously established for adults8 (men: 0.8–1.3 mg/
dL (70.7–114.9μmol/L); women: 0.6–1.0 mg/dL (53.0–88.4 mol/L)). A total of 198 men and
297 women were excluded from the analyses, leading to a sample size of 660 people. Excluded
men and women were older and had poorer physical and cognitive function than those included
in the analyses.

Data Collection
Participants underwent a first assessment at home, in which they were interviewed, taught the
procedure for the 24-hour urine collection, and given the 24-hour urine collection container.
They were asked to note the beginning and end time of the urine collection in a diary to allow
for computation of length of collection. In a second assessment, those who had fasted for at
least 8 hours came to the study clinic in the morning to undergo a peripheral blood collection.
They brought with them their entire 24-hour urine collection, whose volume was measured.
Weight and height were measured at the time of the clinical examination performed during a
third visit, with participants wearing light clothes and no shoes. BMI was computed as (weight
(kg)/(height (m)),2) and categorized into four intervals (<22.0, 22.0–24.9, 25.0–29.9, and ≥30.0
kg/m2) using the World Health Organization cutoffs9 for the three highest categories, based
on the relationship of BMI with disease and death. The cutoff of 22 kg/m2 was chosen for the
low BMI group because of limited numbers of participants with lower BMI.

Laboratory Measures and Kidney Function Assessment
Serum creatinine and urinary creatinine from the 24-hour urine collection were measured using
a modified Jaffe method and used to calculate and estimate creatinine clearance (CrCl).

GFR was estimated from the calculated and estimated CrCl.

Because a criterion standard test, such as the inulin test, was not available, two GFR estimation
approaches whose results would bracket the true GFR were chosen. CrCl, using 24-hour urine
collection, has been shown to consistently overestimate true GFR,10–12 whereas the
Cockcroft–Gault estimation equation consistently underestimates true GFR in an older
population.10–15 The MDRD Study equation was not deemed acceptable for this study's
purpose, because it has been shown to overestimate11,12,14 and underestimate10,13,15 GFR
in older population.

Calculated CrCl was computed from 24-hour urine collection using this formula:

Estimated CrCl was computed using the Cockcroft–Gault formula, with a 15% reduction for
women due to their lower muscle mass:
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Three different categories of renal function were created according to stages of chronic kidney
disease established by the Kidney Disease Outcome Quality Initiative of the National Kidney
Foundation1 (NKF-K/DOQI) and were used to describe the results of renal function assessed
with both the Cockcroft–Gault equation and CrCl calculated using 24-hour urine collection:
normal renal function (GFR ≥90 mL/min) or Stage 1 according to NKF-K/DOQI guidelines,
mild renal function impairment (GFR 60–89 mL/min) or Stage 2, and moderate renal function
impairment (GFR 30–59 mL/min) or Stage 3. NKF-K/DOQI guidelines define chronic kidney
disease as GFR less than 60 mL/min or the presence of kidney damage regardless of the cause,
for 3 months or more.1

Other Measures
Education assessment was based on the number of years that the subject attended school.

Chronic disease status was assessed through a medical examination completed by a trained
geriatrician. The presence and the severity of specific medical conditions found during the
examination were verified using standard algorithms16 based on medical history, drug
treatments, symptoms and signs, medical documents, and hospital discharge records. Cognitive
function was assessed using the Mini-Mental State Examination (MMSE)17 and physical
function using the Short Physical Performance Battery (SPPB).18

Statistical Analyses
Men were compared with women according to demographic characteristics, anthropometrics,
chronic disease status, and physical and cognitive function using t tests for continuous data
and chi-square tests for categorical data (Table 1). The study population was first stratified into
three categories of renal function (GFR 30–59, 60–89, and ≥90 mL/min) using the Cockcroft–
Gault equation and CrCl calculated from 24-hour urine collection (Figure 1). Then further
stratification was done to assess the influence of age, sex, and BMI (Figures 2 and 3). Age was
categorized into three intervals (65–74, 75–84, and ≥85), while BMI was categorized into four
groups (<22, 22–24.9, 25–29.9, ≥30.0 kg/m2). In addition, for each method of renal function
assessment (Cockcroft–Gault equation and CrCl calculation), logistic-regression was used to
determine the association between moderate renal impairment (GFR<60 mL/min) and age,
sex, and BMI (Table 2). Indicator variables were used to generate odds ratios and 95%
confidence intervals, whereas the significance of trends by age and BMI were determined using
ordinal variables. All statistical analyses were performed using Stata version 9.0 (StataCorp,
College Station, TX).

Results
Overall, 82.8% of participants who had serum creatinine tested were within the normal range.
Characteristics of the population are shown in Table 1. The study population consisted of 302
men and 358 women, with mean ages of 73.9 and 74.4 years, respectively. Women had
significantly higher mean BMI, fewer years of school, and lower MMSE and SPPB scores than
men. Men and women had the same number of comorbidities, but women experienced
significantly less peripheral arterial disease and chronic obstructive pulmonary disease and
more arthritis than men.

Figure 1 describes the distribution of three different levels of GFR estimated with both the
Cockcroft–Gault equation and CrCl calculated using 24-hour urine collection in a population
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of people aged 65 and older, stratified into three age groups, who had normal serum creatinine
values. Using the Cockcroft–Gault equation, only 8% of the population aged 65 and older had
normal renal function (GFR≥90), and more than one-third (39%) had moderate renal function
impairment (GFR 30–59). When GFR was estimated with CrCl calculated using 24-hour urine
collection, the proportion of those aged 65 and older with normal GFR was higher (27%), but
25% had a GFR below 60 mL/min despite a normal serum creatinine concentration. Both
estimation methods showed that the proportion of persons with moderately impaired renal
function increased with age. To assess potential bias resulting from limiting the study
population to people with complete urine collections, analyses were repeated without excluding
persons with incomplete urine collection. In this sample of 863 people aged 65 and older with
normal serum creatinine values, no significant differences were found in the distribution of the
three levels of GFR assessed with Cockcroft–Gault estimation equation (GFR 30–59 mL/min,
41%; GFR 60–89 mL/min, 51%; GFR≥90 mL/min, 8%).

To evaluate the extent of misclassification by age, sex, and BMI, further stratification was
done. Figures 2 and 3 display, according to age and BMI groups, the proportion of men and
women with normal serum creatinine who had an estimated GFR of 30 to 59, 60 to 89, and 90
mL/min or greater. GFR estimated with the Cockcroft–Gault equation is shown at the top of
the figures, and CrCl calculated using 24-hour urine collection is shown at the bottom of the
figures.

The greatest magnitude of misclassification (GFR<60 mL/min with normal serum creatinine)
was found in normal and underweight persons with both GFR estimation assessments (Figures
2 and 3). The magnitude of misclassification increased markedly with age in nearly all BMI
subgroups and was larger in women than in men.

For example, results of GFR estimated using the Cockcroft–Gault equation showed that at least
33% of men (Figure 2) and 57% of women (Figure 3) aged 65 and older who were under- or
normal weight (BMI <22 and 22–24.9 kg/m2) had a GFR below 60 mL/min. The percentages
increased considerably with age, including nearly all persons aged 75 to 84 and the entire
population aged 85 and older. Results for GFR estimation with CrCl calculated using 24-hour
urine collection showed lower rates of moderate renal function impairment (GFR<60 mL/min)
than using the Cockcroft–Gault equation, although it included at least one-third of normal or
underweight men aged 75 and older (Figure 2) and half or more of women meeting the same
criteria (Figure 3). The magnitude of misclassification was lower at higher BMI levels but
showed a similar pattern distribution across age and sex for both estimation assessments.

The percentage of participants with normal (GFR≥90) and mildly impaired (GFR 60–89) renal
function was greater in the lower age and higher BMI categories. Overall, as age increased,
the proportion of persons with normal and mildly impaired renal function decreased as the
proportion of moderate renal function impairment (GFR 30–59) increased, reflecting the
progressive and continuous aspect of decline in renal function in older age.

Table 2 shows the results of multiple logistic regression performed to estimate the association
of age, sex, and BMI with having a GFR less than 60 mL/min despite a normal serum creatinine.
For both methods of estimating GFR, older age, female sex, and lower BMI were associated
with greater odds of having a GFR of less than 60 mL/min.

Discussion
Although serum creatinine is known to be an inaccurate assessment of true renal function,3
the magnitude of misclassification of renal function in persons with normal serum creatinine
has generally not been appreciated, especially in older individuals. Therefore, the aim of this
study was to describe the extent of this misclassification specifically in a population of people
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aged 65 and older with normal serum creatinine and to highlight the characteristics of the subset
of this population at greatest risk of being misdiagnosed.

Analyses presented here show that depending on normal serum creatinine alone as evidence
of normal renal function will result in missing moderate impairment of kidney function in a
substantial proportion of the older population. In older people with normal serum creatinine,
from one quarter to one third had abnormal kidney function, according to CrCl calculation and
the Cockcroft–Gault equation, respectively. Persons with GFR less than 60 mL/min would
meet the criteria of chronic kidney disease if this impairment lasted 3 months or longer.1
Women and, in general, normal- and underweight people had the highest rates of being
misclassified. Furthermore, stratification by age shows that risk of misclassification increased
considerably with age. Overall, these results indicated that the great majority of older adults
with renal impairment had normal serum creatinine values. Indeed, of the 465 cases of renal
impairment (<60 mL/min using Cockcroft–Gault equation) in the total InCHIANTI Study
sample aged 65 and older, 355 (76.3%) had normal serum creatinine.

In addition to serum creatinine, two additional methods were used to assess renal function,
allowing for comparison and emphasis of their limits. Because CrCl assesses the total amount
(filtered and secreted) of creatinine found in the urine, it overestimates GFR, especially with
impairment in kidney function, and represents the upper limit of what the true GFR may be.
On the contrary, the Cockcroft–Gault equation has been shown to underestimate true GFR in
very old people,13 probably because of the large effect of high age on the estimating equation.
Taking into account these considerations, true GFR as assessed using a criterion-standard
method is likely to be between these two estimates.

This study focused on the percentage of older adults with normal serum creatinine who were
estimated to have abnormal kidney function. The authors are unaware of other published results
in which a representative population has been examined in this way. An observational study
assessing the efficacy of serum creatinine and albuminuria to detect chronic kidney disease
(CKD), defined as a GFR less than 60 mL/min per 1.72 m2, using the MDRD Study formula
in a population of 7,596 adults with diabetes mellitus aged 62.6 ± 14.8 in Salford, United
Kingdom, corroborates these findings. In that study, 54.7% of the population with diabetes
mellitus and CKD had a normal serum creatinine (≤120 μmol/L (1.4 mg/dL)), with a greater
proportion of women than men having normal serum creatinine.19 In a study of a
nonrepresentative population of patients referred for laboratory testing by their physicians,
47.3% of those aged 70 and older with normal serum creatinine, defined using a higher cutpoint
(130 μmol/L (1.5 mg/dL)) than used in the current study were found to have low GFR (≤50
mL/min using the Cockcroft–Gault equation).20 This study did not assess CrCl and did not
examine misclassification of abnormal renal function according to sex or BMI.

The strengths of the current study are that it uses data from a representative sample of
community-dwelling older adults, which allows for generalizing the findings, and presents and
compares results from the most widely used clinical kidney function assessments. Having a
complete 24-hour urine collection in a high proportion of subjects is an additional strength of
the study. Furthermore, the cohort is well characterized in terms of disease status and body
composition, data that are not available in studies that use collections of laboratory data that
are not linked to a standardized evaluation. A limitation of the study is that there is no criterion
standard measure of GFR, making it necessary to rely on an endogenous filtration marker,
creatinine, rather than an ideal exogenous filtration marker.

Studies have been conducted to evaluate other endogenous markers with features that are close
to an ideal filtration marker. Cystatin C, a nonglycosylated protein produced by all nucleated
cells, may be a promising endogenous marker of GFR if other factors do not affect its
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production. Its clearance shows a pattern close to a criterion standard marker: free filtration by
the glomerulus and re-absorption and catabolization by the tubular epithelial cells, with a small
amount excreted in the urine.4 Recent studies have compared the accuracy of cystatin C and
serum creatinine in relation to a standard method of GFR measurement and showed a significant
superiority of cystatin C to serum creatinine as a marker of GFR.21 However, a cross-sectional
study of 8,058 persons with mean age of 49 recently showed that not only renal function but
also age, sex, C-reactive protein, cigarette smoking, weight, and height influenced cystatin C.
After adjusting for these factors, serum cystatin C was no longer superior to serum creatinine
as a marker of moderate kidney function impairment.22 Thus, further methodological work
needs to be performed before using cystatin C as a substitute for serum creatinine.

In the recently published NKF-K/DOQI guidelines,1 the Cockcroft–Gault equation and the
MDRD Study equation are both proposed as good estimates of GFR in an adult population,
but the Cockcroft–Gault equation rather than the MDRD Study equation was chosen for the
current study, because the MDRD Study equation has not yet been validated in older adults.
23 Indeed, few studies based on older populations have compared the performance of the
Cockcroft–Gault and MDRD Study equations in estimating true GFR as measured using an
exogenous marker.10–15 Furthermore, the direction of bias (estimated GFR minus true GFR)
found by these studies is inconsistent using the MDRD Study equation, with both
underestimation10,13,15 and overestimation11,12,14 of true GFR. Not knowing the direction
of bias is increasingly problematic for clinicians caring for older adults, because GFR
estimation is now often reported automatically in patient clinical laboratory records using the
MDRD Study equation. The Cockcroft–Gault equation, alternatively, consistently
underestimates the true GFR.10–15 By combining Cockcroft–Gault estimates with 24-hour
CrCl, which consistently overestimates true GFR, it was possible to bracket true GFR in the
assessment of misclassification.

There are multiple reasons why it is imperative to accurately identify persons with CKD.
Persons with early-stage CKD have been shown to have high morbidity (hypertension, diabetes
mellitus and its complications, anemia, malnutrition, bone disease, calcium and phosphorus
metabolism disorders, impairment of functioning and well-being, and cardiovascular disease
including coronary heart disease, cerebrovascular disease, peripheral vascular disease, and
heart failure).1 Greater healthcare utilization24–26 and greater risk of mortality, particularly
from cardiovascular disease,26 have also been demonstrated in patients with early-stage CKD.
Nevertheless, despite validated assessments that can detect earlier stages of CKD5,6,27 and
therapeutic interventions effective in slowing or preventing the progression toward kidney
failure and its complications (such as strict glucose control in diabetes mellitus, strict blood
pressure control, angiotensin-converting enzyme inhibition, or angiotensin-2 receptor
blockade),1,28–33 under-recognition of risk factors for CKD and early stages of CKD have
been postulated as one of the explanations for the increased incidence and prevalence of kidney
failure.26,34 Lack of screening,34–36 misinterpretation of serum creatinine concentration,
37 and low awareness of kidney disease in affected people despite a high prevalence of CKD
in the U.S. population38 have been described in the literature.

Normal serum creatinine with reduced GFR, which leads to underascertainment of kidney
disease when only serum creatinine is used, may represent an early, transient state in the
progression of CKD. For example, a retrospective study of patients identified by a laboratory
as having abnormal serum creatinine and abnormal GFR found that 2 years before, 28% had
normal serum creatinine, but 64% of these patients with normal serum creatinine had a GFR
lower than 50 mL/min.20 The state of normal serum creatinine in the face of low GFR is related
to age, sex, and BMI, as demonstrated in the current study, but is also a result of increased
tubular creatinine secretion, which normally represents more than 15% of urinary CrCl, but
may be as high as 92% of urinary CrCl when GFR is less then 40 mL/min.3 As GFR decreases,
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increases in tubular secretion may be large enough to keep serum creatinine in the normal
range.3 In older persons, the combination of low muscle mass with reduced creatinine
production and increased tubular secretion can explain the normal serum creatinine seen in
persons with substantial GFR decline demonstrated in the current study.

In conclusion, this study demonstrates that appropriate methods of assessment can identify an
important subset of the older population meeting criteria for CKD despite normal serum
creatinine. Diagnosing these people may allow clinicians to introduce effective treatments to
decrease disease progression, better manage comorbidities and their complications, and
appropriately choose medications and adjust drug dosage, all components of high-quality
medical care.
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Figure 1.
Distribution of three levels of glomerular filtration rate (GFR) (mL/min), estimated with both
the Cockcroft–Gault equation and creatinine clearance calculated using 24-hour urine
collection in a population of people aged 65 and older with normal serum creatinine values,
with and without stratification according to age.
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Figure 2.
Distribution according to body mass index (BMI) (kg/m2) and age of three levels of glomerular
filtration rate (GFR) (mL/min) estimated with both Cockcroft–Gault equation and creatinine
clearance calculated using 24-hour urine collection in a population of men aged 65 and older
with normal serum creatinine values. No men aged 85 and older with a BMI of 30.0 and higher
had complete data for serum creatinine, BMI, and calculated creatinine clearance.
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Figure 3.
Distribution according to body mass index (BMI) (kg/m2) and age of three levels of glomerular
filtration rate (GFR) (mL/min) estimated with both the Cockcroft–Gault equation and
creatinine clearance calculated using 24-hour urine collection in a population of women aged
65 and older with normal serum creatinine values.
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Table 1
Population Characteristics

Population Studied

Characteristic Men (n = 302) Women (n = 358) P-value

Age, mean ± SD 73.9 ± 6.5 74.4 ± 6.6 .37

Body mass index, kg/m2, mean ± SD 27.1 ± 3.3 27.8 ± 4.4 .03

Weight, kg, mean ± SD 74.5 ± 11.5 65.0 ± 11.2 <.001

Height, cm, mean ± SD 165.5 ± 7.3 152.9 ± 6.6 <.001

Education, years of school, mean ± SD 6.2 ± 3.5 4.7 ± 2.5 <.001

Mini-Mental State Examination score, mean ± SD 25.7 ± 3.4 24.8 ± 3.8 .002

Short Physical Performance Battery score, mean ± SD 10.9 ± 2.1 9.9 ± 2.6 <.001

Comorbidities, number, mean ± SD 1.9 ± 1.4 1.9 ± 1.2 .80

Diabetes mellitus, n (%) 40 (13.2) 40 (11.2) .42

Hypertension, n (%) 189 (62.6) 239 (66.8) .26

Stroke, n (%) 23 (7.6) 16 (4.5) .09

Ischemic cardiomyopathy, n (%) 42 (13.9) 36 (10.1) .13

Congestive cardiomyopathy, n (%) 73 (24.2) 87 (24.3) .97

Peripheral arterial disease, n (%) 55 (18.2) 38 (10.6) .005

Chronic obstructive pulmonary disease, n (%) 59 (19.5) 15 (4.2) <.001

Arthritis, n (%) 61 (20.2) 154 (43.0) <.001

Cancer, n (%) 12 (4.0) 23 (6.4) .16

Parkinson's disease, n (%) 6 (2.0) 7 (2.0) .94

SD = standard deviation.
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