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Abstract
Background. Glomerular filtration rate (GFR) is directly
associated with survival. However, the prognostic signifi-
cance of GFR might be different according to the formula
used to estimate it. We aimed at comparing the association
between GFR estimated using three different formulas and
1-year survival in elderly patients discharged from acute
care hospitals.
Methods. Our series consisted of 439 patients aged 65 and
older admitted to 11 acute care medical wards enrolled in a
multicentre prospective observational study. GFR was esti-
mated by body surface area-adjusted Cockcroft–Gault (CG-
BSA),Modification ofDiet inRenalDisease study (MDRD)
and Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formulas. The relative risk of mortality in pa-
tients with estimated GFR = 30–59.9 or <30 mL/min/
1.73 m2 compared to people with estimated GFR ≥60 mL/
min/1.73 m2 was calculated using Cox regression analysis.
Results. Participants with reduced GFR showed an in-
creased mortality, regardless of the equation used, and
the highest one was associated with CG-BSA-estimated
GFR <30 mL/min/1.73 m2. After adjusting for potential
confounders, CKD-EPI-estimated GFR remained signifi-
cantly associated with the outcome [30–59.9 mL/min/
1.73 m2, hazard ratio (HR) = 1.70, 95% confidence inter-
val (95% CI) = 1.02–2.98; <30 mL/min/1.73 m2, HR =
2.60, 95% CI = 1.20–5.66], while the strength of the asso-
ciation was clearly reduced for MDRD (30–59.9 mL/min/
1.73 m2, HR = 1.47, 95% CI = 0.83–2.38; <30 mL/min/
1.73 m2, HR = 2.07, 95% CI = 1.01–4.30) and CG-BSA
(30–59.9 mL/min/1.73 m2, HR = 1.79, 95% CI = 0.67–

4.53; <30 mL/min/1.73 m2, HR = 2.68, 95% CI = 0.92–
7.55).
Conclusion. GFR adds to the list of prognostic indicators
in elderly and frail people, and CKD-EPI-derived GFR,
which outperforms to some extent MDRD and CG-BSA-
derived GFR in a multivariable predictive model, seems
worthy of testing in wider populations.
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Introduction

Chronic kidney disease (CKD) is a major predictor of mor-
tality in both the general population and the selected dis-
eased population [1,2]. For instance, the risk of death in a
broad adult population over an average follow-up period of
about 3 years dramatically increased for each 15 mL de-
crease in glomerular filtration rate (GFR) below the thresh-
old of 60 mL/min/m2 [1]. In the elderly, CKD predicts
mortality as well, besides being an important correlate of
functional limitation [3] and adverse reactions to hydroso-
luble drugs [4,5]. CKD should be promptly recognized be-
cause there is unequivocal evidence that its progression
can be slowed by optimally treating conditions such as dia-
betes and hypertension [6]. Even severe CKD benefits
from optimal treatment of underlying conditions as well
as of selected pharmacological and non-pharmacological,
mainly dietary protein restriction [7,8], measures. Unfortu-
nately, serum creatinine (Scr), the most universally used
marker of renal function, is poorly reliable in elderly and
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disabled patients due to sarcopaenia depleting the muscle
content of creatinine and thus, Scr. Furthermore, GFR,
more than Scr, guarantees a set of clinically meaningful
intervals [9]. Thus, formulas have been developed to esti-
mate GFR on the basis of selected anthropometric and
serum indicators. The most commonly used formula, the
Modification of Diet in Renal Disease (MDRD) formula,
has been repeatedly validated against the gold standards
(GFR obtained through radionuclide method or iothala-
mate clearance) and found to lose accuracy in the upper
range of GFR [10]. In an attempt to overcome this limi-
tation, a new equation has been developed in a large adult
population and has been proved to gain in accuracy with
respect to the MDRD [11]. However, in the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI)
study, both training and testing populations were almost
completely devoid of subjects over 70 years, who are
those with the highest prevalence of GFR and the greatest
burden of GFR-related negative outcomes [11]. In an eld-
erly population, the performance of this formula might not
be as good, and also the prognostic significance of a re-
duced GFR might be different according to the formula
used to estimate it. Indeed, age affects differently the esti-
mated GFR in different formulas, and weight contributes
to generating GFR only in the Cockcroft–Gault (CG) for-
mula. Given that both age and weight are primary prognos-
tic determinants in elderly populations, these differences,
and not only the accuracy of GFR estimation, likely affect
the prognostic meaning of individual formulas. Indeed, in a
home-dwelling elderly population CG, but not MDRD,
could predict 6-year mortality [12]. Accordingly, we hy-
pothesized that the three formulas (CG, MDRD and
CKD-EPI) are differently related to survival and tested this
hypothesis with respect to 1-year survival in an elderly
population discharged from acute care medical wards.

Materials and methods

We used data from a collaborative observational study group, the Pharma-
cosurVeillance in the elderly Care—PVC, based in community and univer-
sity hospitals located throughout Italy, aimed at surveying drug
consumption, occurrence of adverse drug reactions and quality of hospital
care [13,14]. The methods of the PVC study were extensively described
previously [13,14]. Briefly, data collection included demographics, socio-
economic and clinical data, detailed information on pharmacological ther-
apy and comprehensive geriatric assessment covering the following
domains: cognitive (Mini-Mental State Examination) [15], mood (Geriat-
ric Depression Scale) [16], disability (Basic Activities of Daily Living,
BADL) [17,18] and comorbidity (Cumulative Illness Rating Scale, CIRS)
[19]. Once discharged, patients were followed up every 3 months for
1 year.

Overall, 690 patients were enrolled in the survey period. Twenty-five
patients who died during hospital stay were excluded from the analysis, as
were patients having missing values for any of the variables used to cal-
culate estimated GFR (n = 67). In order to avoid heterogeneity of data,
patients enrolled in long-term care/rehabilitation units (n = 159) were also
excluded from the analysis, leaving a final sample of 439 patients for the
analysis. All of them were successfully tracked during the follow-up
period.

GFR estimation

Scr was measured by standardized Jaffé method in all laboratories of par-
ticipating centres. GFR was estimated using the following formulas: CG
[20], MDRD [21] and CKD-EPI [11].

Since the MDRD and CKD-EPI formulas are corrected for body sur-
face area (BSA), while CG formula is not, we resolved to adjust CG-
estimated value for BSA calculated by the Mosteller’s formula [22] in
order to minimize discrepancies between the three different methods.

Analytic approach

First, we compared death and survival of patients with regard to factors
known to affect the prognosis in frail populations: age, gender, cognitive
impairment, physical impairment (dependency in activities of daily living,
being disabled at physical performance items) and overall comorbidity.
Afterward, we investigated the ability of CKD-EPI, MDRD and CG-
BSA formulas to predict 1-year survival in the hospital study population.
Kaplan–Meier survival curves with the Mantel–Cox log-rank and Breslow
tests were used to compare crude survival of patients with different de-
grees of renal dysfunction. The time from hospital discharge to the day of
death was used as the time to failure variable for the model. Survivors
were censored on the day of the last follow-up visit. Unadjusted death rate
and 95% confidence intervals (95% CI) in patients grouped on the basis
of their renal function were calculated. Finally, to obtain a deconfounded
estimate of the relative risk of mortality in patients with estimated GFR =
30–59.9 or <30 mL/min/1.73 m2 compared to people with estimated
GFR ≥60 mL/min/1.73 m2, we used Cox regression models. The propor-
tional hazard assumption was tested graphically, plotting the log-minus-log
survival function over time. The model was adjusted for variables signifi-
cantly distinguishing groups in univariable analysis. Since nutritional status
may affect the GFR estimation, as well as the relationship between esti-
mated GFR and survival, we also investigated the impact of selected nu-
tritional variables (BMI and hypoalbuminaemia, defined as serum
albumin <3.5 g/dL) eventually distinguishing groups on adjusted hazard
ratio (HR) estimates.

Results

Overall, 58 patients died over a cumulative follow-up time
of 4399 months, with an estimated incidence rate of 15.8/
100 person-year (PY) (95% CI: 11.7–20.0). Patients who
died during the follow-up period were older, had a greater
prevalence of cognitive and physical impairment and had a
greater burden of cumulative comorbidity. Mean CKD-
EPI-estimated GFR values in patients who died and those
who survived were 47.9 (SD: 20.3) and 58.5 (SD: 20.3)
mL/min/1.73 m2 (P < 0.001), respectively. The correspond-
ing figures for MDRD- and CG-BSA-estimated GFR were
51.9 (SD: 23.1) and 62.9 (SD: 23.4) mL/min/1.73 m2 (P <
0.001), and 39.5 (SD: 20.3) and 49.6 (SD: 20.3) mL/min/
1.73 m2 (P < 0.001), respectively. Reduced GFR was sig-
nificantly associated with death in univariable analysis.
However, GFR <60 mL/min/1.73 m2 was associated with
mortality when GFR was estimated by CKD-EPI or MDRD
equations, but not with CG-BSA equation (Table 1).

Unadjusted analysis showed that survival was signifi-
cantly reduced in groups with reduced GFR estimates re-
gardless of the formula used. However, CG-BSA- and
CKD-EPI-based categories of renal function had the stron-
gest association with 1-year survival. Indeed, crude death
rate rose from 9.3/100 PY (95% CI = 1.9–13.7) for patients
with CKD-EPI >60 mL/min/1.73 m2 to 18.9/100 PY (95%
CI = 12.1–25.7) and 39.7/100 PY (95% CI = 17.5–61.9) for
patients with CKD-EPI 30–59.9 and <30 mL/min/1.73 m2,
respectively (log-rank = 14.7, P < 0.001; Breslow = 17.2,
P < 0.001). The corresponding figures obtained with
MDRD were 11.2/100 PY (95% CI = 6.6–15.8), 18.8/
100 PY (95% CI = 11.4–26.2) and 35.8/100 PY (95%
CI = 13.9–57.7), respectively (log-rank = 9.4, P = 0.002;
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Breslow = 11.5, P < 0.001). Crude death rates obtained
with CG-BSA were 6.0/100 PY (95% CI = 1.1–10.9),
15.8/100 PY (95% CI = 10.5–21.1) and 35.2 (95% CI =
18.8–51.6), respectively (log-rank = 16.1, P < 0.001;
Breslow = 19.2, P < 0.001). After adjusting for potential
confounders significantly distinguishing groups in uni-
variable analysis, CKD-EPI-estimated GFR remained sig-
nificantly associated with the outcome, while the strength
of the association was clearly reduced for MDRD and
CG-BSA (Table 2). Interestingly, when hypoalbuminae-
mia was removed from the multivariable model, the
strength of the association between GFR and survival re-
mained substantially unchanged with CKD-EPI (30–
59.9 mL/min/1.73 m2: HR = 1.72, 95% CI 1.02–2.82;
<30 mL/min/1.73 m2: HR = 2.64, 95% CI 1.21–5.76)
and MDRD (30–59.9 mL/min/1.73 m2: HR = 1.57,
95% CI 0.90–2.82; <30 mL/min/1.73 m2: HR = 2.09,
95% CI 1.06–4.65), while it was significantly improved
with CG-BSA (30–59.9 mL/min/1.73 m2: HR = 1.86,
95% CI 0.85–4.66; <30 mL/min/1.73 m2: HR = 2.83,
95% CI 1.02–7.81).

Discussion

This study shows that reduced GFR, measured by any of
the three tested predictive equations, is an important risk
factor for mortality in elderly and frail people discharged
from acute care medical wards. However, the CKD-EPI-
based estimation of GFR achieves the best grading of
the risk of death as a function of GFR categories, whereas

the CG is associated with the greatest absolute risk for
GFR <30 mL/min/1.73 m2.

If mortality reflects to some extent CKD, it could be ar-
gued that the CKD-EPI-based estimation of GFR likely re-
presents the most reliable one even in such a complex
population. Nevertheless, CKD-EPI outperformed MDRD
and CG-BSA formulas only to a limited extent, and the
fact that GRF <30 mL/min/1.73 m2 was associated with
the greatest risk of death if computed by the CG-BSA for-
mula seems noteworthy: it might be due to the role that
weight has in the CG-BSA formula, as CG-BSA-based
GFR decreases noticeably for very low weight and, to a
considerable extent, reflects malnutrition. On the other
hand, both CKD-EPI and MDRD lack a nutritional term
in their equations, and malnutrition can falsely depress
Scr, even in the presence of depressed renal function. This
underlies the K-DOQI statement that in malnourished pa-
tients ‘the creatinine clearance may provide better estimates
of GFR than prediction equations’ [9]. Accordingly, in a
highly diseased and disabled population, the association be-
tween malnutrition and severe CKD might explain the dis-
tinctive prognostic role of CG-BSA. Supporting this
interpretation is the finding of an important direct relation-

Table 1. Socio-demographic and clinical characteristics of survivors
(n = 381) and dead (n = 58) patients

All
n = 439

Survived
n = 381

Dead
n = 58 P

Age, years 79.7 ± 5.9 79.2 ± 5.7 83.0 ± 6.1 0.001
Sex, females 55.1 54.3 60.3 0.391
BMI, kg/m2 25.2 ± 4.2 25.1 ± 4.1 25.5 ± 5.0 0.482
Hypoalbuminaemia 42.6 39.4 63.8 0.001
Dependent in at least
1 BADL

30.3 25.5 62.1 0.001

Cognitive impairment 50.3 47.0 72.4 0.001
Depressive symptoms 39.9 39.1 44.8 0.407
CIRS severity 1.8 ± 0.3 1.8 ± 0.3 1.9 ± 0.4 0.034
CIRS comorbidity 3.8 ± 1.9 3.7 ± 1.8 4.3 ± 2.0 0.038
CKD-EPI-estimated GFR,
mL/min/1.73 m2

0.001

≥60 47.6 50.4 29.3
30–59.9 42.6 41.5 50.0
<30 9.8 8.1 20.7

MDRD-estimated GFR,
mL/min/1.73 m2

0.013

≥60 54.4 56.7 39.7
30–59.9 36.7 35.7 43.1
<30 8.9 7.6 17.2

CG-BSA-estimated GFR,
mL/min/1.73 m2

0.001

≥60 24.8 27.0 10.3
30–59.9 59.5 59.6 58.6
<30 15.7 13.4 31.0

Data are percentage or mean ± SD.

Table 2. Cox regression analysis of selected risk factors to 1-year
mortality

Crude HR
(95% CI)

Adjusted HR
(95% CI)

CKD-EPI-estimated GFR,
mL/min/1.73 m2

≥60 1.0 1.0
30–59.9 2.0 (1.10–3.64) 1.70 (1.02–2.98)
<30 4.10 (1.96–8.60) 2.60 (1.20–5.66)

Age, years 1.05 (1.0–1.10)
Sex, females 1.13 (0.66–1.94)
Hypoalbuminaemia 1.83 (1.04–3.22)
Dependent in at least 1 BADL 2.30 (1.24–4.29)
Cognitive impairment 1.58 (0.85–2.94)
CIRS severity 1.95 (0.39–9.73)
CIRS comorbidity 0.97 (0.71–1.31)
MDRD-estimated GFR,
mL/min/1.73 m2

≥60 1.0 1.0
30–59.9 1.67 (0.95–2.94) 1.47 (0.83–2.38)
<30 3.13 (1.50–6.58) 2.07 (1.01–4.30)

Age, years 1.06 (1.01–1.11)
Sex, females 1.13 (0.65–1.94)
Hypoalbuminaemia 1.78 (1.01–3.15)
Dependent in at least 1 BADL 2.30 (1.23–4.29)
Cognitive impairment 1.59 (0.85–2.96)
CIRS severity 1.93 (0.40–9.64)
CIRS comorbidity 0.98 (0.73–1.33)
CG-BSA-estimated GFR,
mL/min/1.73 m2

≥60 1.0 1.0
30–59.9 2.59 (1.09–6.17) 1.79 (0.67–4.53)
<30 5.62 (2.23–14.2) 2.68 (0.92–7.55)

Age, years 1.04 (0.99–1.09)
Sex, females 1.19 (0.70–2.04)
Hypoalbuminaemia 1.81 (1.03–3.18)
Dependent in at least 1 BADL 2.28 (1.23–4.25)
Cognitive impairment 1.64 (0.88–3.06)
CIRS severity 2.31 (0.46–10.6)
CIRS comorbidity 0.96 (0.70–1.30)
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ship between BMI and CG-BSA-based GFR as well as that
of a stronger correlation between CG-BSA-based GFR and
measured creatinine clearance than between MDRD-based
GFR and measured creatinine clearance in a very old and
frail population [23]. Finally, body weight is strongly corre-
lated to survival in older populations, and moderate over-
weight does not worsen, but rather is associated with
improved survival [24]. This clearly magnifies the negative
prognostic effect of being underweight and then, of low
GFR measured by weight, including the CG formula.

It is of interest that the survival curve as a function of
CG-BSA-based GFR had the best Breslow and log-rank
coefficients, stating that both early and late survival were
very reliably predicted by GFR. Only the deconfounded
estimation of the GFR–survival relationship disclosed that
CKD-EPI outperformed both MDRD and CG-BSA as an
independent risk factor for death. In the multivariable
model, the inclusion of low serum albumin, a primary nutri-
tional index, among independent variables significantly wea-
kened the predictivity of GFR = 30–59.9 mL/min/1.73 m2

when computed by the CG-BSA, but not by the CKD-EPI
or MDRD equation, confirming that the prognostic power
of the CG-BSA largely reflects the nutritional status.

Previous evidence on the performance of CKD-EPI for-
mula is limited to young and adult populations [25,26].
Thus, our study first shows that the CKD-EPI formula
seems well suited also for the elderly and frail population,
at least as it can be inferred from its prognostic role. This
finding is clinically and epidemiologically noticeable be-
cause the risk of CKD is strictly age-related and thus,
the need for an indirect estimation of GFR increases with
age. Thus, pending the need of a direct validation of the
CKD-EPI formula in the elderly, present findings might
be interpreted as an indirect one. Furthermore, it should
be observed that we dealt with a population discharged
from an acute care medical hospital and thus, with a higher
early risk of death [27]. The fact that CKD-EPI also out-
performed to some extent MDRD in the early follow-up
testifies to its intrinsic quality.

This study has several limitations. First, the indirect val-
idation of a formula cannot substitute for the direct one,
but merely provides proxy information on the validity of
the formula. Second, the 1-year follow-up and the related
mortality (13%) did not allow the prognostic potential of
the formulas to be optimally explored. Nevertheless, the fact
that predictivity was well evident in this scenario is an in-
dicator of the quality of the tested formula. Third, we ex-
cluded patients for whom body weight was not available in
order to obtain the CG-BSA-based computation of GFR
and then, to compare the three formulas. It is likely that
excluded patients were the most disabled and then, diffi-
cult to weigh. Given that disability was a major predictive
factor, this might have introduced a selection bias affecting
the comparison. Thus, the observed predictive power of the
CKD-EPI formula might not extend to a more disabled
population. Finally, because of its limited power, this study
may lack precision in estimates of the associations ob-
served. Indeed, while adjusting for potential confounders
blunted the significance of the association between CG-
BSA and mortality, the HR values for CG-BSA and
CKD-EPI were similar.

This study also has some strengths, first of all the mean
age (80 years) of the studied population and the broad array
of confounding factors for which the GFR–survival rela-
tionship has been corrected. In particular, the adjustment
for cognitive and physical performance guarantees for the
quality of results, given that disability and cognitive impair-
ment are major prognostic factors in frail elderly [28,29].

In conclusion, this study shows that GFR adds to predic-
tors of mortality in an elderly population discharged from
acute care medical wards and that GFR <30 mL/min/
1.73 m2 cut-off marks the highest risk when computed
by the CG-BSA formula, likely because CG equation to
some extent incorporates the effects of malnutrition, while
the best grading of GFR values with regard to mortality is
achieved by the CKD-EPI-based GFR. In the absence of a
formal validation study in frail patients, we could not ver-
ify whether the latter finding reflects a more accurate esti-
mate of GFR by CKD-EPI. Nevertheless, it seems worthy
of confirmation in wider populations as well as with regard
to other CKD-related health outcomes such as incident dis-
ability and adverse drug reactions. Indeed, identifying eld-
erly subjects at higher risk of adverse health events has
important clinical and epidemiological implications.
Present data suggest that GFR could enrich the list of pre-
dictors of interest in elderly and frail populations and pave
the way to the characterization of GFR estimating formulas
versus major health outcomes.
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