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Abstract:
Thirty-one Chinese elderly patients whose

creatinine clearance were measured by collection of
24 hour’s urine at out-patient basis were
retrospectively reviewed. The mean serum creatinine
level of the sample was 164.4±19.4 µmol/l.
Estimated creatinine clearance derived from age,
actual body weight and serum creatinine level was
calculated by a modified Cockcroft-Gault formula
adjusted for SI unit. For the range of serum creatinine
studied, there was a linear correlation between
the measured and estimated creatinine clearance
(r=0.86, p<0.0005). However, there was a general
tendency of under-estimation in using this formula
in our elderly people. The mean numerical deviation
was 12.4 ml/min among those with serum creatinine
< 120 µmol/l, and 6.76 m/min among those with
serum creatinine > 120 µmol/l (difference between
groups 5.7 ml/min, 95% CI 0.7-10.6, p=0.027).
Within this limitation, the estimation formula could
be used to determine the renal function in our local
elderly people when measured creatinine clearance
is not immediately available.
Keywords: creatinine clearance, Cockcroft-Gault
formula, elderly

Introduction
Kidney is the most important organ for

elimination of body waste and medications.
Progressive structural and functional decline is
a biologic price of aging. Since age-related
reduction in creatinine clearance (CrCl) is
accompanied by a reduction in muscle mass,
there is a near constancy of serum creatinine level
despite a decrease in GFR1. In Geriatrics, the first
step to successful prescribing is to ascertain the
correct level of renal function2. A significant
precision in dosage adjustment is usually required
in patient with renal impairement3. In view of the
common occurrence of renal impairment among
elders and the need of drugs that are excreted through
kidney, the value of creatinine clearance will be of
much higher clinical importance among elders.

Common problems encountered in determining
renal function in elderly people includes choosing
an arbitrary normal value for serum creatinine level
in elderly people and inconvenience in the 24 hours
urine collections, especially in outpatients.
Estimation of CrCl from the serum creatinine level,
age and body weight by Cockcroft-Gault or similar
formulae have been considered a quick mean to
assess the renal state and evaluated by overseas
studies4,5,6,7. Our Geriatrics Unit has also been using
a modified Cockcroft-Gault formula (modified based
on conversion to SI unit) for estimation of CrCl.
However, there is no local validation of this method.
The objective of the study is to validate this formula
estimation of CrCl among local elderly people.

Method
This is a retrospective study on comparing

measured and estimated CrCl in a group of elderly
outpatients seen by the investigator for a period of
3 months between January - March 1998. Patients
who were detected to have proteinuria on screening
from general geriatric or geriatric diabetic clinic were
recruited. CrCl was measured by 24 hours urine
collection. Urine samples were collected at their
usual residential places. All patients who were
clinically stable were included irrespective of their
medical illness, medication or functional status.
Patients chosen for the study were quite typical for
out-patient setting with their serum creatinine level
was normal to moderate elevated.

Measured CrCl was obtained from the total
creatinine excretion in 24 hours and the serum
creatinine level. Corresponding estimated CrCl was
calculated from the recorded age, actual body
weight and serum creatinine level by formula* which
was modified from Cockcroft-Gault formula in S.I.
unit. Relationship of the estimated versus measured
CrCl was plotted on a scatter diagram. The
correlation coefficient was tested for statistical
significance. Either underestimation or over-
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**Estimated CrCl = (140 - age) x actual body weight (kg) x
1.23/ Serum creatinine level (µmol/l) (x 0.85 for female )
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estimation of the measured CrCl was calculated.
Based on the laboratory normal upper reference of
120 µmol/l, patients were divided into low and high
serum creatinine level groups. The two groups were
then compared on the numerical and percentage
deviation between measured and estimated CrCl
using independent t-test. P < 0.05 was taken as
statistical significance. Statistical analysis was
preformed by the SPSS 7.5 version.

Results (Table 1)
33 elderly people were recruited for the study.

Among them, 31/33 (94.1%) had urine collection
more than 1000 ml over 24 hours, suggesting likely
complete urine collection.

There were 13 female and 18 male and all of
them were aged above 65. The mean (±SD) serum
creatinine level was 164.4 ± 19.4 µmol/l with range
from 85 µmoll/l to 233 µmol/l.

Table 1: Summary of measured CrCl & estimated CrCl

Sex Serum Measured estimated difference difference
creatinine Cr Cl  Cr Cl (%)
(µmol/l) (ml/min) (ml/min) (ml/min)

F 85 55.2 44.9 -10.31 -18.7
94 43.1 37.1 -05.89 -13.9
95 51.3 57.8 +6.50 +12.7

108 27.8 40.3 +12.45 +44.7
115 29.2 31 +01.76 +06.0
117 34.5 29.0 -05.48 -15.8
141 32.8 24.4 -08.44 -25.7
159 28.0 30.4 -02.35 -08.0
179 39.2 22.8 -16.51 -42.0
192 15.1 17.4 +02.31 +15.0
193 21.2 19.4 -01.88 -08.0
216 24.9 22.6 -02.43 -08.0
218 22.5 15.1 -07.37 -32.7

M 96 72.8 51.2 -21.61 -29.7
110 68.9 46.4 -22.59 -32.7
112 75.1 55.1 -20.05 -26.7
112 65.6 55.4 -10.17 -15.7
114 60.3 45.2 -15.10 -25.0
119 54.4 37.4 -17.06 -31.3
134 57.8 44.8 -13.12 -22.7
140 60.6 38.8 -21.78 -35.9
143 34.3 35.2 +00.94 +03.0
146 41.6 37.9 -03.74 -09.0
150 48.7 40.7 -08.04 -16.5
160 37.6 29.8 -07.87 -20.9
161 39.3 33 -06.33 -16.1
162 33.1 29.7 -10.55 -03.5
162 36.3 34.1 -02.99 -06.3
189 40.4 28.3 -12.08 -29.9
191 38.3 31.0 -07.28 -19.0
233 22.6 22.3 -00.31 -14.0

12 (38.7%) of elderly patients were with serum
creatinine level within the usual defined upper limit
of normal (120 µ mol/l) in adult. The mean
measured CrCl for this group was 53.2 ml/min with
a range of 27.8 - 75.1 ml/min.

19 (61.3%) of our patients had serum creatinine
level more than 120 µmol/l and the mean value
were 172 µmol/l. The mean measured CrCl for this
group was 35.5 ml/min with a range of 15.2 - 60.6
ml/min.

Scatter diagram of estimated versus measured
CrCl revealed a linear correlation (Figures 1) which
was statistically significant (Pearson correlation
coefficient = 0.86, R2 = 0.75, p<0.0005).

For the whole sample, the numerical values in
the mean differences between measured and
estimated CrCl was 8.95 ml/min (95% confidence
interval 6.49 - 11.4). In terms of percentage
differences using measured CrCl as reference, this
represented a mean differences of 19.5% (95% CI
15.3-23.7%).

Figure 1: Estimated Creatinine Clearance (CrCl) versus
measured CrCl

In patients with serum creatinine level of less
than or equal to 120 µmol/l, the mean numerical
deviation was 12.4 ml/min and the mean
percentage deviation was 22.7%. For those with
serum creatinine level greater than 120 µmol/l, the
mean numerical deviation was 6.76 ml/min and
the mean percentage deviation was 17.5%.
Respective confidence interval could not be obtained
because of small sample size. There was significant
difference in the numerical deviation between the
two groups (p=0.027, 95% CI 0.7-10.6) but not the
percentage deviation (p=0.22, 95% CI -3.2-13.8).

Both scatter diagrams that plotted the
numerical or percentage differences against serum
creatinine demonstrated a general under-estimation
of CrCl by the estimated formula (Figures 2, 3). The
correlation coefficient were 0.21 (p=0.25) and -0.033
(p=0.86) for numerical differences and percentage
differences respectively. The prevalence of under
estimation was higher in those with low serum
creatinine level or in male patients (table 1).
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Discussion
Volume of urine collection is crucial in

measurement of CrCl and that has been often
thought to be problematic for elderly people8. Most
of our elderly patients (94.1%) could finish with a
satisfactory urine volume (>1 litre). It suggested that
with clear instruction, measurement of CrCl by 24
hours urine collection is feasible in out-patient
setting.

Estimation of CrCl from age, body weight and
serum creatinine level has been validated in the
west but not to same extent locally. Various
formulae have been proposed. The original
Cockcroft-Gault formula was based on ideal body
weight adjusted for height rather than actual body
weight. However, this may prove erroneous among
elderly people who have kyphosis or vertebral
fracture secondary to osteoporosis. Alternatively one
can consider using arm span or tibial length to
adjust for the ideal weight. In our study, actual
body weight was used for practical reason.

It is known that serum creatinine level cannot
reflect the actual renal function among elderly
people. In this study, even a “normal” serum creati-
nine level corresponded to a CrCl of around 70 ml/
min. This suggested that for same serum creatinine
level, elderly people usually had a lower CrCl.

From the results of this study, though CrCl is
found to have good correlation with the measured
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CrCl, there is a tendency of underestimation. This
is especially true with low serum creatinine level.
The result is consistent with finding overseas10. One
could regard it as a safety margin in clinical practice
when nephrotoxic medication is to be prescribed.
However, under-dosage might also decrease the
clinical efficacy of some medication such as
aminoglycoside10. There were suggestions that
adjustment of estimated CrCl by a conversion factor
might not be necessary5,9 in using this formula. However,
this might increase the risk of overestimation in
our local female patients in view of a lower incidence
of underestimation among them (69.2%). Therefore,
it would be advisable to retain this conversion factor
when estimating CrCl in our female patients.

Conclusion
Creatinine clearance in a group of outpatient

elders has been reviewed in this study. With clear
instruction, outpatient 24 hours urine collection is
feasible. Serum creatinine level is not a reliable
indicator of renal function. There is potential problem
of under-estimation the true CrCl among elders using
this modified Cockcroft-Gault formula. This is
especially true with low creatinine level. Despite the
potential bias, an estimated creatinine clearance
would be a reasonable alternative to document renal
function in elderly patients when measured creatinine
clearance is not immediate available.

References
1. Sharon Anderson: Nephrology/Fluid and electrolyte disorders. In

Cassel CK, Cohen HJ, Larson B. Geriatric Medicine 3rd edition.
New York Springer-Verlag 1996:571-583

2. William M. Benett: Geriatric pharmacokinetics and the kidney. Am
Jour of Kidney Dis 1990;16:283-288

3. Jay PS, David NG, Merie AS: Dosage in renal failure. Guide to
antimicrobial therapy 26th edition. Sanford guide 1996:p113-116

4. Cockcroft DW. Gault MH: Prediction of creatinine clearance from
serum creatinine. Nephron 1986;16:31-41

5. Gral. T & Young M: Measured versus estimated creatinine clearance
in the elderly as an index of renal function. Jour Am Geriatr Soc
1980;28:492-496.

6. Parker RA. Bennet Porter GA: Clinical estimation of creatinine
clearance without urine collection. Dialysis Transplant 1980;9:257-
261.

7. Lemann J, Bidani AK, Bain RP, Lewis EJ, Rohde RD: Use of the
serum creatinine to estimate GFR in health and early diabetic
nephropathy. Am Jour Kidney Dis 1990;16:236-243.

8. Goldberg TH, Finkelstein MS: Difficulties in estimating glomerular
filtration rate in the elderly. Arch Int Med 1987;147:1430-3

9. Friedman JR, Norman JC, Yoshikawa TT: Correlation of estimated
renal function parameters versus 24 hour creatinine clearance in
ambulatory elderly. Jour Am Geriatr Soc 1989;37:145-9

10. Smythe M, Hoffmann J, Kizy K, Dmuchowshi C: Estimating
creatinine clearance in elderly patients with low serum creatinine
concentrations. Am J Hosp Pharm 1994;51:198-204     

Figure 2: Numerical difference between estimated and
measured CrCl versus serum creatitine level

Figure 3: Percentage difference between estimated and
measured CrCl versus serum creatitine level


