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Chronic kidney disease (CKD) has a high prevalence
in the elderly. It has been recognized as an independent
cardiovascular risk factor and detecting CKD is also
important to ensure the appropriate dose of medication
and to prevent further damage by limiting the use of
potential harmful drugs. The aim of the research was to
study the prevalence of CKD in elderly (>65 years) in a
St. Petersburg district and to study the impact of using
different methods to estimate the GFR on the prevalence
of different stages of CKD. The cross-sectional analysis
of prospective population based study in the district of
Kolpino was conducted. All creatinine measurements were
performed in the same laboratory. Renal function was
assessed calculating the eGFR using different creatinine
based formulas. 611 elderly (65-91 years) were examined.
Using the MDRD formula a prevalence of CKD stage IlI-V for
males of 11 % was found in stratum 1 and of 15 % in stratum
2 and for females prevalence was 14 and 29 %, respectively.
A considerable mismatch in classification of stages of CKD
was found when comparing the MDRD based estimations
with the CG-based ones. Compared to what has been
reported internationally in other studies a considerable
lower prevalence of CKD stage IV-V was found in both age
groups. Thus, the prevalence of an impaired renal function
in elderly in the St. Petersburg district is relatively low,
especially in the subgroup of males aged 75 years and over
compared to what been reported in other studies. The CG
and MDRD formula generate significantly different results
when they are used to classify the population of elderly
according to the stages of CKD.
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Classification and prevalence of chronic
kidney disease worldwide

Chronic kidney disease (CKD) is increasingly
recognized as an important problem of public health
for several reasons. First, the disease is highly prevalent
in Europe and the USA [18] and the prevalence of
impaired renal function increases with advancing age.

Second, CKD is an independent cardiovascular
risk factor, in that a low estimated glomerular filtration
rate (eGFR) is associated with increased mortality,
a higher rate of cardiovascular events, and more
hospitalizations. A study by A. S. Go et al. in 2004 [6]
suggested that a GFR of <29 mL /min corresponds to

an adjusted hazards ratio for cardiovascular events of

2.8, a GFR of 30—44 mL./min to a ratio of 2.0, and
a GFR of 45—59 mL /min to a ratio of 1.4. Although
only a very small subgroup of all patients with CKD will
develop end-stage renal failure [8], the costs of dialysis
and kidney transplant are very high for a society.
CKD is defined as structural or functional renal
damage and/or reduced renal function for at least
three months. The most commonly used classification
of kidney function is that of the American Kidney
Foundation (tabl. 1). In this classification, the diagnosis
of CKD is based not only on the eGFR but also on
the presence of proteinuria or hematuria. Therefore, it
is also important to measure proteinuria, rather than
screening for CKD simply by calculating the e GFR.

Table 1
Classification of CKD according
to the American Kidney Foundation
Stage Description m?r?f 7([3“&/2)
I | Kidney damage* with normal or in- >90
creased GFR
II | Kidney damage with mild reduction 60-89
in GFR
IIIA | Moderate reduction in GFR 45-59
IIIB | Moderate reduction in GFR 30-44
IV | Severe reduction in GFR 15-29
V | End-stage kidney failure <15 or dialysis

Signs of kidney damage:
e Persistent proteinuria
e Persistent hematuria (after exclusion of other possible eti-
ologies)
e Structural kidney abnormalities, such as polycystic kid-
neys and reflux nephropathy
¢ Chronic glomerulonephritis
* National Kidney Foundation. Amer. J. Kidney Dis. 2002. Vol. 39
(2 Suppl. 1). P. S1-S266

Detecting CKD is important not only because
of the risk of end-stage renal failure or the higher
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cardiovascular risk involved but also to ensure the
appropriate dose of medication and to prevent further
renal damage by limiting the use of potentially harmful
medications, like nonsteroidal anti-inflammatory drugs
[12, 13, 17].

Two formulas are frequently used to estimate the
GFR based on age, sex, serum creatinine, and other
parameters, such as weight and race. Multiple studies
using a correct gold standard (for an overview, see
reference [9] have shown that the Modification of
Diet in Renal Disease (MDRD) formula generates
a better estimate than the Cockcroft—Gault (CG)
formula, especially in patients with a GFR below 60
mL/min/1.73 m?. A recent systematic review [16]
of studies that used the gold standard to validate the
creatinine- or cystatin-based equations in the elderly
revealed that only a limited number of small studies in
people aged 65 years and over have been published.
The evidence from these studies shows that the
MDRD formula and CG formula estimate the GFR
more accurately than do other equations. However, no
clear conclusion has been drawn regarding the use of

the CG or MDRD formula in elderly patients.

Life expectancy and cardiovascular disease (CVD)
in Russia

The average life expectancy at birth in Russia
currently lags behind that of the European Union by
as much as 14 years. By 2007, the life expectancy at
birth in Russia was 67.5 years, whereas in Belgium,
for example, it was 76.6 years for men and 82.3
years for women (www.statbel.fgov.be). Russia is
the first country in the history of modern nations to
experience such a significant peace-time reduction in
life expectancy.

Russia’s CVD death rate was 833 per 100,000
people in 2008, one of the world’s highest (www.
gks.ru). By comparison, the CVD death rate was
336 per 100,000 in Belgium. CVD accounts for
57 % of deaths in Russia, compared with 34.9 % in
Belgium. Russia’s high mortality among working-age
men is mainly attributable to CVD. Such statistics led
a 2004 World Bank report to conclude that Russia
could gain 6.7 years in life expectancy by matching the
European Union’s CVD mortality rates. This would
result in a growing population of elderly survivors of
cardiovascular disease and would generate a particular
epidemiological context in which to study aging from a
scientific perspective.

The first aim of our study was to investigate the
prevalence of CKD in elderly Russians and to compare
it with the prevalence reported internationally. Our

second aim was to study the impact of using different
methods to estimate the GF'R in an elderly population
on the (mis)classification of the CKD in different
stages.

Methods

This paper reports a cross-sectional analysis of the
data available from the «Crystal» (Xpycraan) study,
which was designed as a population-based prospective
cohort study. The research took place in the Kolpino
district of St Petersburg.

The study included all patients over 65 years
who lived at home and were registered at Polyclinic
no. 95 (n=10,986), 41.6 % of whom (n=4,567)
were older than 75 years. The elderly population from
the Polyclinic register was first stratified by age into
two groups: 65—74 years old and =75 years old. A
representative random sample was selected from each
group: 462 people from the first stratum and 452 from
the second stratum.

The selected persons were invited by telephone
to participate. This strategy was used to ensure that
the nurse who took care of the patients daily was
responsible for the invitation, the examination, and the
interview. Some people who were unable to attend the
Polyclinic were examined at home. All participants
gave their written informed consent.

A portfolio was designed for the data collection. It
included a comprehensive geriatric assessment as the
major domain. All research data were collected during
the period between March and December 2009.

Details of past and current medical problems
collected were based on anamnesis or on information
available in medical records. The following medical
conditions or diseases were documented systematically:
angina pectoris, myocardial infarction, arrhythmias,
obstructive pulmonary diseases or asthma, peripheral
artery disease, diabetes mellitus, stroke, cancer,
osteoarthritis and rheumatoid arthritis, incontinence,
and vision or hearing decline.

All creatinine measurements were performed in the
same clinical diagnostic laboratory. A modified kinetic
Jaffé colorimetric method was used with a Hitachi-912
analyzer. The reference value for creatinine was 53—
106 umol /L in males and 44—88 wmol /L in females.
The coefficient of analytical variation was determined
as 2.14.

We used the CG [2] and MDRD [10] formulas
to estimate the GFR and corrected the CG formula
for a body surface area (BSA) of 173 m? using the
equation of D. Du Bois [4].
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Cockeroft—Gault formula:
(140—Age) x Mass (kg) x Constant
Serum Creatinine (umol/I)

MDRD formula:
eGFR (mL/min/1.73 m?) = 32788 x Serum
Creatinine="P* x Age=02% x [1.210 if Black] x
x[0.742 if Female]

eC

Cr:

Results

Six hundred eleven adults aged 65—91 years were
examined. The response rate was 66.2 % among the
younger participants (65—74 years old) and 67.9 %
in the older group (75 years and older). To test the
representativeness of the sample, those who participated
in the study and those who were invited to do so were
compared. No significant differences were found in
their sex or age distributions (data not shown).

In stratum 1 (aged 65—74 years), 100 males and
205 females participated; in stratum 2 (aged 75 years
and older), 73 males and 233 females participated.
No blood samples were obtained for 17 patients in this
group during the data collection. Therefore, the total
study population contained 594 patients.

eGFR by age and formula

The estimated GFR calculated with the CG and
MDRD formulas, and the classification of the stages
of CKD based on this eGFR are shown in tabl. 2.
The prevalence of CKD stages III—V using the
BSA-corrected CG formula was 21% for males in
stratum 1 and 18 % for those in stratum 2. For females,
the prevalence was 52 % in both age groups. When
we used the MDRD formula, the prevalence was 11

and 15 %, respectively, in males and 14 and 29 %,
respectively, in females (see tabl. 2).

Patients with diabetes mellitus had a lower mean
GFR than patients without diabetes mellitus, except
for the males in the older age group, where this rela-
tionship was reversed.

It is clearly shown in Fig. I and 2 that the mean
GFR decreased with increasing age and that the mean
eGFR decreased more with increasing age when we
used the CG formula than when we used the MDRD
formula. The mean eGFRs calculated by the two for-
mulas are significantly different for the patients aged 75
years and over.

Mismatch between the formulas

We analyzed the mismatch by comparing the
MDRD-based classification of stages of CKD with
the CG-based classification (tabl. 3). We performed
this mismatch analysis for the whole population. This
mismatch was up to 44 %, depending on the stage of
CKD. Most of the mismatch occurred in stages IIIA
and IIIB. In contrast, patients who were classified as
stage [V by one formula were always classified as stage
[1IB or stage IV by the other formula.

We also constructed a Bland—Altman plot (see
fig. 2), showing the relative differences in the eGFRs
estimated with the BSA-corrected CG formula and
with the MDRD formula against the average of these
two values. The plot shows that the eGFR estimated
with the MDRD formula was generally higher than
the eGFR estimated with the CG formula and that the
major differences in the eGFR values occurred at an

eGFR of 50 mL/min/1.73 m? or more.

Table 2

Estimated GFR by age group and by formula: Modification of Diet in Renal Disease (MDRD) formula
and Cockcroft-Gault formula corrected for body surface area (CGbsa)

Subgroup Stratum 1 (65-75 years) Stratum 2 (75+ years)
male, n=98 female, n=194 male, n=72 female, n=230
Mean creatinine (SD), wmol/L 88.97 (21.29) 73.46 (19.17) 91.08 (30.91) 76.96 (17.82)
CGbsa MDRD CGbsa MDRD CGbsa | MDRD CGbsa MDRD
GFR average (SD), mL/min 734 82.8 754 76.7 62.3 80.7 50.5 704
(16.4) (204) 17.2) (18.5) (16.2) (21.6) (14.8) (17.1)
CKD stage 0-I1 79 % 89 % 82 % 86 % 56 % 85 % 48 % 71 %
CKD stage IIIA 15% 8% 15% 11% 32% 10% 39 % 25 %
CKD stage 11IB 5% 3% 2 % 2% 8 % 4% 12% 3%
CKD stage IV 0% 0% 1% 2% 3% 1% 1 % 1%
Mean GFR without diabetes 73.6 84.0 75.2 772 62.1 80.5 59.6 70.9
Mean GFR with diabetes 71.8 75.8 764 73.9 65.2 82.7 58.9 67.7
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Discussion 140 Means (error bars: 95% CI for mean) o5 Means (error bars: 95% CI for mean)
The results of various other 1 T
. . 120 - 80
cross-sectional studies performed A
in different parts of the world are 100[ T 75
presented in tabl. 4. Comparing 80| """"‘E"-E\ 70
these data with our results leads to ¢ | ) 65
the conclusion that the prevalence 20l 60
of stage III—V CKD in stratum 1 .
and the prevalence in all stages of 20| 35
CKD among females in stratum 2 of 50
are similar to the prevalence found _2g [ 45
elsewhere. 1 2 3 4 5 1 2 3 4 5
In contrast, the prevalence of a  AgegroupM b Agegroup F
CKD stages III—V in males in --m-- MDRD M --m-- MDRDF
stratum 2 (15 %), calculated using —o— CGM —o— CGF

the MDRD formula, is clearly
lower than the prevalence reported
in the studies of A. X. Garg et al.
[5] (17.3 to 32.1%), ]. Coresh et
al. [3] (24.9%), and M. Cirillo
[1] (34.5%). Surprisingly, in this
group of males aged 75 years or
older, a higher mean GFR was
found in the subgroup of patients
with diabetes compared with that in
the subgroup without diabetes.

Another difference is apparent in the prevalence of
CKD stages [IV—V. The prevalence of CKD stages
IV—V in our Russian cohort was lower in both age
groups in both males and females compared with those
reported in the study [5]. Moreover, we found no
patient with stage V renal failure in our Russian cohort.
We have no clear explanation for these differences.
One explanation is that because of the high CVD-
related mortality in Russia, and particularly the high
cardiovascular mortality among males, elderly Russians
with a low GFR die early. This could explain why we
found very few elderly people with CKD stage IV
or V. Diabetes and hypertension have been reported
in most countries in the Western world as the main
etiologies of CKD [1].

This could also explain why the males in stratum
2 had a relatively good average eGFR and a low
prevalence of CKD stages III—V. They might be
the few survivors of a very severe selection process
that eliminated most male patients with impaired
renal function before they reached the age of 75 years.
Another possible explanation might be that because
of the high cardiovascular mortality, patients and
particularly males die before they have accumulated
enough (hypertension- and diabetes-related) kidney
damage to impair their GFR.

Fig. 1: a — mean ¢GFR calculated by the CG and MDRD formulas for the male
patients in the study population divided into five-year age groups
(1=65—69 years, 2=70—74 years, 3=75—79 years, 4=80—84 years,
5=85 years and older ). The confidence interval (CI) for age group 5 is very wide
because of the limited sample size (n=4); b — mean ¢GFR calculated with the CG
and MDRD formulas for the female patients in the study population, divided into
five-year age groups (1=65—69 years, 2=70—74 years, 3=75—79 years,

4=80—84 years, 5=85 years and older)
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Fig. 2. Bland—Altman plot showing the relative differences
in eGFR estimated with the BSA-corrected CG formula and
the MDRD formula relative to the average of these two values

The difference in eGFR values generated by the
CG and MDRD formulas increases with age (see
fig. 1, a, b). This phenomenon has also been reported
in other studies (see tabl. 4). It can probably be
explained by the different weight attributed to the
age factor in the two equations and to the fact that the
MDRD equation does not include body weight.
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Table 3

Match or mismatch between CG- and MDRD-based eGFRs
and CKD classification, %

CGbsa
MDRD Stage IITA | Stage IIIB Stage IV
cmimin| 45| 0 T
60 ml/min | 45 ml/min | 30 ml/min
Stage 11 80 19 1 0
<60 ml/min
Stage IITA 7 65 29 0
45-60 ml/min
Stage I1IB 0 28 56 17
30-45 ml/min
Stage IV 0 0 20 80
15-30 ml/min

Our results illustrate once more that estimating the
GFR in the elderly is problematic. The CG formula
and the MDRD formula are both frequently used,
but they produce significant and clinically relevant
differences in eGFR. Neither of these formulas has
been well validated using gold standard methods [8].
There are other promising methods for estimating
GFR in the elderly, including cystatin-C-based
equations [7, 14] and the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula
[11] but these methods also lack validation in elderly
populations.

The strength of this study is that we recruited a
representative sample of the elderly in Russia within

the framework of a prospective study. However, we had
only single creatinine values, so we cannot really speak
about the prevalence of chronic kidney disease given the
fact that by definition, the eGFR should be below 60
mL /min for more than three months before a patient
can be classified as suffering from CKD, and given
that we have no data on the presence of proteinuria
or other signs of kidney damage. However, we are
convinced that our data offer an interesting insight
into the magnitude of the problem. More research is
required to increase our understanding of the natural
history of impaired renal function in the elderly.

Conclusion

The prevalence of impaired renal function in elderly
in the St. Petersburg region is relatively low, especially
in the subgroup of males aged 75 and over, compared
with that reported internationally in other studies. The
Cockcroft—Gault and MDRD formulas generate
significantly different results when they are used to
classify study populations according to the stages of

CKD.
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XpoHuyeckas 6onesdHb nodek (XBI1) wrpoko pacnpocTpaHeHa y nuL, noxunoro Bo3pacta. OHa
npu3HaHa He3aBUCKMMbIM aKTOPOM puUcKa pas3BuUTUS 3abonieBaHUi CUCTEMbI KPOBOOOPALLEHUS.
BoiasneHne XBI1 Takke nmeeT 3HaveHne ana onpeneneHvs onTMManbHON 003bl HA3HA4YaeMbIX Jie-
KapCTB 1 NpefoTBpaLLeHns fanbHenwero yuepba no4eqyHor GyHKUUN NyTemM orpaHnyeHnst NoTeHLM-
anbHO OnacHbIX Npenapartos. Llenb nccnenosanng — nsydeHue pacnpoctpaHeHHoOCT XBIy noxunbix
(65 net n ctapwe) B ogHom 13 paioHoB CaHkT-lNeTepbypra 1 oueHka 3aBUCUMOCTM nokasaTtenst oT
MeToa OLeHKN CKOPOCTU KNy6oukoBo punbTpaumn. NposeaeHo 0AHOMOMEHTHOE U3yHeHMe Nonynsi-
LM NOXUAbIX Ntogen B KoNnNnHO B NPOCNEKTUBHOM UCCNEL0BaHNN. YPOBEHb KpeaTUMHMHA CbIBOPOTKM
KPOBU ONpeaensnu B ogHon nabopatopum. GyHKLMIO NOYEK OLLEHNBANM C MOMOLLbIO GOopMyn AJis pac-
yeTa CKOPOCTU KNyOO4YKOBOW GunbLTpauum, OCHOBaHHbIX Ha YpoBHE KpeaTuHuHa. O6cnenoBaHbl 611
NoXunbIx NaumMeHToB (Bo3pacTt 65-91 roa). C ucnonb3osaHnem Gopmysibl, NONY4EHHOW B UCCegoBa-
Hum MDRD (Modification of Diet in Renal Disease Study), yctaHOBNEHO, 4TO pacnpocTpaHeHHOCTb XBI1
-V ctagmn y Myxu4uH 65-74 net — 11 %, ctapwe 74 net — 15%; y XeHwmH — 14 n 29 %, cooTBeT-
CTBEHHO. YCTaHOBJIEHO 3HA4YUTENIbHOE HECOOTBETCTBME Knaccudukauuii ctagmin X, OCHOBaHHbLIX Ha
pasnunyHbIX hopmynax, B 4aHHOM ciyyae npu cpasHeHun dopmyn MDRD n KokpodTa-lonTa. B Ha-
Lem ncecnenoBaHnmn pacnpoctpaHeHHocTb XBI IV-V ctagnmn B 06erx BO3pacTHbIX rpynnax Obiia 3Ha-
YUTESILHO HXKE, YEM YCTAHOBJIEHO B APYrNX MEXAYHAPOOHbIX UCCneaoBaHmsx. PacnpocTtpaHeHHOCTb
HapyLIEeHHOM DYHKUMM NOoYEK Y MOXUbIX JIloAel B 04HOM 13 painoHoB CaHkT-INeTepbypra no cpaBHe-
HUIO C JAaHHBIMU, MOYYEeHHbIMU B PYIMX NUCCNEen0BaHUSAX, OTHOCUTENbHO HU3Ka, OCOOEHHO Y MYXXUUH
75 net u ctapwe. ®@opmynsl MDRD n KokpodTa-Tonta gatoT NnpoTMBOpEYUBbLIE NoKa3aTenu, Koraa
MCNonb3yTcs onsa knaccndurkaumm pasHbix ctaguii XbBIy noxunbix noaen.

KnioyeBbie csioBa: xpoHudeckasi 60/1€3Hb MOYEK, MOXUIIbIe, CKOPOCTL KiTyO04YKOBOM (uibTpaLmy,

MDRD-popmyna
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