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ABSTRACT

Objective: To compare the prevalence and classification of
chronic kidney disease (CKD) in accordance with the
estimated glomerular filtration rate (eGFR) by MDRD-4
IDMS and CKD-EPI in individuals >_60 years of age in primary
care. Material and Methods: Cross-sectional descriptive
observational study. Subjects >_60 years treated at 40 primary
care centres with serum creatinine determination conducted
between 1 January and 31 December 2010 at a single
centralised laboratory. Exclusion criteria: renal
transplantation, home care. Variables: socio-demographic,
anthropometric, risk factors and cardiovascular disease as
recorded in electronic medical records and serum creatinine
concentration by a standardised compensated kinetic Jaffe
method with IDMS and eGFR by MDRD-4 IDMS and CKD-EPI.
Agreement was analysed using the kappa index and the
Bland-Altman graphical method. Results: 97 554 individuals
(57.3% women, mean age 70.0 [Q1: 65.0, Q3: 77.0]). Median
eGFR with MDRD 78.7 [66.7, 91.0] ml/min/1.73m2 (77.9 for
women, 79.7 for men, P<.001) and 81.8 [68.5, 90.5]
ml/min/1.73 m2 (P=.311) with CKD-EPI, eFG

MDRD
prevalence

<60 15.0% (16.5% women, 13.1% men and 6.5% in <_70
years, 24%> 70 years) with CKD-EPI 14.2% (15.0% female,
13.0% male, 4.7% in <_70 years, 24.1% in >70 years) . There
was an overall agreement of 85.6% (kappa index = 0.75) in
women> 70 years of 86.6% (kappa = 0.77), of 83.2% (kappa
= 0.69) in men> 70 years, of 82.7% (kappa = 0.68) in women
<_70 years and 90% (kappa = 0.81) in men <_70 years.
Conclusions: CKD-EPI decreased the prevalence of CKD
especially in women <_70 years; the prevalence increased in
men> 70 years. One in eight individuals with stage 3a was
reclassified to no disease; reclassified individuals had lower
comorbidity.

Keywords: Chronic renal insufficiency. Glomerular filtra-
tion rate. Primary health care. 

Estimación del filtrado glomerular según MDRD-4 IDMS y

CKD-EPI en individuos de edad igual o superior a 60 años

en Atención Primaria

RESUMEN

Objetivo: Comparar la prevalencia y clasificación de la en-

fermedad renal crónica (ERC) según la estimación del filtra-

do glomerular (eFG) mediante MDRD-4 IDMS y CKD-EPI en
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imprecision and underestimation when the eGFR values are

higher than 60ml/min/1.73m2.7

Later, a modification of the MDRD equation, the Chronic

Kidney Disease Epidemiology Collaboration (CKD-

EPI),8 showed a reduction in the bias from the MDRD-4

IDMS equation with improvement in overall imprecision,

especially significant in the range of values between 60-

89ml/min/1.73 m2; the CKD-EPI equation may replace

the MDRD-4 IDMS equation in routine clinical practice

in the future.9-12

The objective of this article is to compare the prevalence and

classification by CKD stages, according to GFR, using the

MDRD-4 IDMS and CKD-EPI equations in individuals aged

60 years or older in Primary Care (PC) and to study the

differences according to age and sex, as well as an analysis

of the concordance between the two equations.

This study is performed within the framework of a three-year

prospective cohort study with the objective of quantifying

the risk associated with the decrease in eGFR, calculated by

MDRD-4 IDMS and CKD-EPI, in the incidence of

cardiovascular events in our area.

MATERIAL AND METHOD

Design

Observational cross-sectional descriptive study at baseline of

a prospective three-year follow-up cohort study.

Subjects

Inclusion criteria: Individuals ≥60 years seen in 40 PC

centres in the Barcelona metropolitan area who are covered

within the Costa de Ponent Primary Care Area (Southern

Metropolitan District of the Health Institute of Catalonia)

with serum creatinine measurements between January 1 and

December 31, 2010.

Exclusion criteria: individuals with renal transplant or

those included in the home health program according to their

electronic medical record (EMR).

Variables

Sociodemographic and anthropometric variables, coded

cardiovascular disease diagnoses (ischaemic heart disease,

cerebral vascular accident, peripheral arterial disease, heart

failure and atrial fibrillation) and cardiovascular risk factors

(hypertension [HTN], diabetes mellitus [DM] and

dyslipidaemia) were extracted from the EMR.

individuos >_ 60 años en Atención Primaria. Material y mé-

todos: Estudio observacional descriptivo transversal. Suje-

tos ≥ 60 años atendidos en 40 centros de Atención Primaria

con determinación de creatinina sérica realizada entre el 1

de enero y el 31 diciembre de 2010 en un único laborato-

rio centralizado. Criterios de exclusión: trasplante renal,

atención domiciliaria. Variables: sociodemográficas, antro-

pométricas, factores de riesgo y enfermedad cardiovascu-

lar según registro en historia clínica electrónica y concen-

tración de creatinina sérica según el método Jaffé cinético

compensado estandarizado con IDMS y eFG mediante

MDRD-4 IDMS y CKD-EPI. Se analizó la concordancia me-

diante índice kappa y método gráfico Bland-Altman. Resul-

tados: 97 554 individuos (57,3 % mujeres, mediana de

edad 70,0 [Q1: 65,0; Q3: 77,0]). Mediana eFG con MDRD

78,7 [66,7; 91,0] ml/min/1,73 m2 (77,9 en mujeres, 79,7 en

varones; p < 0,001) y 81,8 [68,5; 90,5] ml/min/1,73 m2 (p =

0,311) con CKD-EPI; prevalencia eFG
MDRD

< 60, 15,0 %

(16,5 % en mujeres, 13,1 % en varones; 6,5 % en <_ 70 años,

24 % > 70 años), con CKD-EPI 14,2 % (15,0 % mujeres,

13,0 % varones; 4,7 % en <_ 70 años, 24,1 % en > 70 años).

Se observó una concordancia global del 85,6 % (índice kap-

pa = 0,75), en mujeres > 70 años del 86,6 % (kappa = 0,77),

del 83,2 % (kappa = 0,69) en varones > 70 años, del 82,7 %

(kappa = 0,68) en mujeres  <_ 70 años y del 90 % (kappa =

0,81) en varones <_ 70 años. Conclusiones: CKD-EPI disminu-

yó la prevalencia de ERC especialmente en mujeres <_ 70

años; la prevalencia aumentó en varones > 70 años. Uno de

cada ocho individuos en estadio 3a fue reclasificado a no

enfermedad; los individuos reclasificados presentaron me-

nor comorbilidad.

Palabras clave: Insuficiencia renal crónica. Filtrado

glomerular. Atención Primaria.

INTRODUCTION

Since the Kidney Disease Outcome Quality Initiative

(KDOQI) proposed the new diagnostic criteria for chronic

kidney disease (CKD) in 2002,1 CKD has been the subject of

multiple studies and has been recognised as a cardiovascular

risk factor.2-4

The equation initially recommended for estimating the

glomerular filtration rate (eGFR) was that from the MDRD

(Modification of Diet in Renal Disease) study known as

MDRD-4, which uses four variables (creatinine, age, sex and

race) for the calculation.5 Later, after standardisation of

creatinine measurements, the recommended equation was the

MDRD-4 IDMS equation with the same variables with the

previous equation but in this instance it included a correction

factor when the creatinine measurement method was shown

to be traceable when compared to the isotopic dilution mass

spectrometry reference method.6 The most important

limitations when using this method are systematic
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Evaluation of renal function

The serum creatinine level was measured by a single

laboratory using the standardized Jaffe compensated kinetic

method regarding the IDMS reference method.13 The eGFR

was carried out using two equations, MDRD-4 IDMS and

CKD-EPI, without correction for race, not available. In

individuals with more than one serum creatinine

measurement, the last measurement was chosen.

MDRD-4 IDMS equation:

eGFR =175 x (creatinine/88.4)-1,154 x (age)-0,203 x (0.742 if

female) x (1.210 if black race)

CKD-EPI equation:

For females:

If creatinine ≤ 62µmol/l, eGFR = 144 x

([creatinine/88.4/0.7]-0,329) x 0.993age

If creatinine >62µmol/l, eGFR = 144 x ([creatinine/88.4/0.7]-

1,209) x 0.993age

For males:

If creatinine ≤80µmol/l, eGFR = 141  

x ([creatinine/88.4/0.9]-0.411) x 0.993age

If creatinine >80µmol/l, eGFR = 141 x ([creatinine/88.4/0.9]-

1.209) x 0.993age

The eGFR stages were classified based on the revised

criteria of the Kidney Disease Improving Global Outcomes

(KDIGO) foundation.14

Statistical analysis

The continuous variables are described with the median and

interquartile range (Quartile 1 - Quartile 3 [Q1-Q3]). Normal-

ity of the continuous variables was evaluated using normal

distribution graphs (histogram, box-plot and Qplot). Qualita-

tive variables were expressed by frequency and percentage.

For comparison between sexes, the Mann-Whitney U test was

used for comparing quantitative variables and the ?2 test was

used for categorical variables. Concordance was evaluated by

subgroups for age and sex, according to stages, between the

two eGFR methods using the kappa coefficient and the re-

spective 95% confidence interval. Concordance was analysed

quantitatively between methods using the intraclass correla-

tion coefficient. Once the individuals who had values greater

than 90ml/min/1.73m2 by MDRD-4 IDMS were excluded, the

Bland-Altman graph was created to represent the differences

between the two methods quantitatively. The concordance

limits for the graph were fixed at 95%. The statistical pack-

age used was R version 2.14.2 (R Foundation for Statistical

Computing Vienna, Austria).

Table 1. Global individual characteristics by sex.

Overall Females Males P-value

(n = 97554) (n = 55921) (n = 41633)

Age, median [Q1;Q3] 70.0 [65.0; 77.0] 71.0 [65.0; 78.0] 70.0 [65.0; 76.0] <0.001

Age groups, n (%) <0.001

60-64 years 22413 (23.0%) 12397 (22.2%) 10016 (24.1%)

65-69 years 22699 (23.3%) 12349 (22.1%) 10350 (24.9%)

70-74 years 19197 (19.7%) 10510 (18.8%) 8687 (20.9%)

75-79 years 16453 (16.9%) 9593 (17.2%) 6860 (16.5%)

80-84 years 10229 (10.5%) 6450 (11.5%) 3779 (9.08%)

> 84 years 6563 (6.73%) 4622 (8.27%) 1941 (4.66%)

Hypertension, n (%) 58016 (59.5%) 34301 (61.3%) 23715 (57.0%) <0.001

D. Mellitus, n (%) 24651 (25.3%) 12447 (22.3%) 12204 (29.3%) <0.001

Dyslipidaemia, n (%) 80901 (82.9%) 48116 (86.0%) 32785 (78.7%) <0.001

BMI >_30, n (%) a 27880 (40.2%) 17538 (44.9%) 10342 (34.0%) <0.001

Ischaemic heart disease, n (%) 5838 (5.98%) 2031 (3.63%) 3807 (9.14%) <0.001

Cerebral vascular accident, n (%) 5970 (6.12%) 2925 (5.23%) 3045 (7.31%) <0.001

Peripheral arterial disease, n (%) 2488 (2.55%) 724 (1.29%) 1764 (4.24%) <0.001

Heart failure, n (%) 4428 (4.54%) 2680 (4.79%) 1748 (4.20%) <0.001

Atrial fibrillation, n (%) 6213 (6.37%) 3331 (5.96%) 2882 (6.92%) <0.001

BMI: Body mass index.
a Variable excluded in subsequent analysis due to losses >20%
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The study was approved by the Jordi Gol Primary Care Re-

search Institute Ethics Committee (IDIAP Jordi Gol).

RESULTS

Of the 189 148 individuals ≥60 years of age who were as-

signed to the PC centres, 175 867 were seen. This number de-

creased to 170 m. A serum creatinine level performed be-

tween 1 January and 31 December 2010 was available in 97

554 individuals and these were included in the study.

The characteristics of all individuals included in the study are

shown in Table 1 by sex. The median of age in our popula-

tion was 70 years (Q1: 65.0; Q3: 77.0). Women, who made

up 57.3% of all individuals, were older and had a higher

prevalence of HTN, dyslipidaemia, obesity and heart failure

(P<.001); men had a higher prevalence of DM, ischemic

heart disease, cerebrovascular accident, peripheral arterial

disease and atrial fibrillation (P<.001).

Table 2 shows the creatinine and eGFR results according to

the two equations, MDRD-4 IDMS and CKD-EPI, of all in-

dividuals grouped by sex and by age subgroups (≤70 years

and >70 years). The median creatinine level was significant-

ly lower in women when compared to men: 65 and

83µmol/l, respectively (P<.001). The global median eGFR

was higher when the CKD-EPI equation was used than it

was with the MDRD-4 IDMS: 81.8 y 78.7ml/min/1,73m2,

respectively. The same tendency was seen overall by sex

and in individuals that were 70 years of age or lower, but

not in men over 70 years of age. When comparing women

to men, when the MDRD-4 IDMS equation was used, the

median eGFR was lower in women, 77.9 and 79.7, respec-

tively (P<.001) with no significant differences with the

CKD-EPI equation (0.311).

Table 2. Glomerular filtration rate characteristics based on estimating methodology by sex, age and globally.

Overall Females Males P-value

(n = 97 554) (n = 55 921) (n = 41 633)

Creatinine,   median [Q1; Q3] 73.0 [62.0; 86.0]) 65.0 [57.0; 75.0] 83 [73.0; 95.0 ] < 0.001

eGFR-MDRD,  median [Q1; Q3] 78.7 [66.7; 91.0] 77.9 [65.7; 90.2] 79.7 [68.1; 91.8] < 0.001

eGFR-MDRD cat. n (%) < 0.001

>_ 90 25 888 (26.5 %) 14 218 (25.4 %) 11 670 (28.0 %)

>_ 60 y < 90 57 004 (58.4 %) 32 466 (58.1 %) 24 538 (58.9 %)

>_ 45 y < 60 10 720 (11.0 %) 6653 (11.9 %) 4067 (9.77 %)

>_ 30 y < 45 3270 (3.35 %) 2166 (3.87 %) 1104 (2.65 %)

>_ 15 y < 30 600 (0.62 %) 385 (0.69 %) 215 (0.52 %)

< 15 72 (0.07 %) 33 (0.06 %) 39 (0.09 %)

eFG-CKD-EPI, median  [C1; C3] 81.8 [68.5; 90.5] 81.7 [68.0; 90.8] 81.9 [69.2; 90.0] 0.311

eGFR-CKD-EPI cat. n (%) < 0.001

>_ 90 25 849 (26.5 %) 15 376 (27.5 %) 10 473 (25.2 %)

>_ 60 and < 90 57 886 (59.3 %) 32 148 (57.5 %) 25 738 (61.8 %)

>_ 45 and < 60 9591 (9.83 %) 5701 (10.2 %) 3890 (9.34 %)

>_ 30 and < 45 3430 (3.52 %) 2212 (3.96 %) 1218 (2.93 %)

>_ 15 and < 30 707 (0.72 %) 439 (0.79 %) 268 (0.64 %)

< 15 91 (0.09 %) 45 (0.08 %) 46 (0.11 %)

> 70 years n (%)  n = 47.578 n = 28.636 n = 18.942

MDRD, median [Q1;Q3] 73.1 [60.6; 86.0] 72.0 [59.3; 85.0] 74.7 [62.5; 87.2] < 0.001

CKD-EPI, median [Q1;Q3] 74.0 [60.5; 84.5] 73.5 [59.7; 84.7] 74.7 [61.7; 84.4] < 0.001

eGFR-MDRD < 60 11 408 (24.0 %) 7490 (26.2 %) 3918 (20.7 %) < 0.001

eGFR-CKD-EPI < 60 11 488 (24.1 %) 7267 (25.4 %) 4221 (22.3 %) < 0.001

<_70 years n (%) n = 49.976 n = 27.285 n = 22.691

MDRD, median [Q1;Q3] 83.1 [72.6; 94.4] 82.8 [72.6; 94.2] 83.2 [72.8; 94.4] 0.040

CKD-EPI, median [Q1;Q3] 88.6 [77.2; 94.1] 89.4 [78.3; 94.7] 87.4 [76.0; 93.2] < 0,001

eGFR-MDRD < 60 3254 (6.51 %) 1747 (6.40 %) 1507 (6.64 %) 0.290

eGFR-CKD-EPI < 60 2331 (4.66 %) 1130 (4.14 %) 1201 (5.29 %) < 0.001

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; eGFR: estimated glomerular filtration rate; MDRD: Modification of
Diet in Renal Disease.
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Conversely, when comparing the median eGFR by CKD-EPI

by sex, stratified by age subgroups (≤70 years and >70 years),

there were significant differences with higher values for

younger women (P<.001) and older men (P<.001).

The overall prevalence of eGFR <60 decreased from 15%

when the MDRD-4 IDMS equation was applied to 14.2%

with CKD-EPI. The decreased was primarily due to

women, where it went from 16.5% to 15%, with hardly any

variation in men (from 13.1% to 13%, respectively). In in-

dividuals older than 70 years of age, the overall prevalence

of eGFR <60 was similar with both equations. However, a

contrary tendency was detected by sex: it decreased in

women from 26.2% to 25.4% and increased in men from

20.7% to 22.3%. A decreased was seen in the distribution

by stages with CKD-EPI in stage 3a from 11% to 9.8%, es-

pecially in women, and a slight increase was seen in more

severe stages.

Table 3. Classification of the sample analysed, taking the MDRD4-IDMS method as a reference, between the different
categories for estimating glomerular filtration rate according to CKD-EPI. Classification based on the revised KDIGO
guideline. The results are shown.

Classifieda CCIb Classified  Kappa ≥  90 (1) 60-89 (2) 45-59 (3a) 30-44 (3b) 15-29 (4) < 15 (5)
equally

Overall 0.914 83 549 0.75
(85.6 %) (0.74; 0.75) 

Same 20 135 50 764 8964 3038 576 72
(77.8 %) (89.1 %) (83.6 %) (92.9 %) (96.0 %) (100 %)

Higher -- 5714 1369 101 5 0
(10.0 %) (12.8 %) (3.09 %) (0.83 %)

Lower 5753 526 387 131 19 --
(22.2 %) (0.92 %) (3.61 %) (4.01 %) (3.17 %)

Men  > 70 0.913 15 761 0.69
(83.2 %) (0.68; 0.70)

Same 1339 10 785 2598 858 159 22
(34.2 %) (97.1 %) (92.3 %) (93.7 %) (95.8 %) (100 %)

Higher -- 0 24 0 0 0
(0.85 %)

Lower 2573 327 192 58 7 --
(65.8 %) (2.94 %) (6.82 %) (6.33 %) (4.22 %)

Men  <_ 70 0.896 20 423 0.81
(90.0 %) (0.81; 0.82)

Same 7476 11 768 947 167 48 17
(96.4 %) (87.7 %) (75.6 %) (88.8 %) (98.0 %) (100 %)

Higher -- 1658 306 18 1 0
(12.3 %) (24.4 %) (9.57 %) (2.0 %)

Lower 282 0 0 3 (1.60 %) 0 --
(3.63 %)

Females  > 70 0.923 24 808 0.77
(86.6 %) (0.76; 0.78)

Same 2253 15 796 4542 1851 339 27
(43.7 %) (98.8 %) (88.0 %) (94.8 %) (96.6 %) (100 %)

Higher -- 0 422 32 0 0
(8.18 %) (1.64 %)

Lower 2898 199 195 70 12 --
(56.3 %) (1.24 %) (3.78 %) (3.58 %) (3.42 %)

Females  <_ 70 0.867 22 557 0.68
(82.7 %) (0.68; 0.69)

Same 9067 12 415 877 162 30 6
(100 %) (75.4 %) (58.7 %) (76.1 %) (88.2 %) (100 %)

Higher -- 4056 617 51 4 0
(24.6 %) (41.3 %) (23.9 %) (11.8 %)

Lower 0 0 0 0 0 --

a Higher (lower):  values in the estimation.
b Intraclass correlation coefficient between CKD-EPI and MDRD4-IDMS.
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When comparing the classification of individuals by eGFR

stage, taking the MDRD-4 IDMS as a reference, the overall

percentage of concordance was 85.6% with a kappa coeffi-

cient of 0.75 (0.74; 0.75) (Table 3). The percentage that coin-

cided was greater in stages 4 and 5 and less in stages 1 and

3a. When stratifying by sex and age, greater concordance was

observed in the subgroup of men 70 years of age or less with

a kappa coefficient of 0.81 (0.81; 0.82) and least in the sub-

group of women with the same age interval, which had a kap-

pa coefficient of 068 (0.68; 0.69). Concordance was lower in

all subgroups in stage 3a than in 3b, 4 and 5; the low coinci-

dence in stage 1 was only observed in men and women older

than 70 years.

In stage 3a, the greatest discrepancy was found in the 70

years and under age subgroup, where 41.3% of women and

24.4% of men were reclassified to stage 2.

When studying the characteristics of the individuals reclassi-

fied to no disease (stage 3a by MDRD-4 IDMS and stage 2

by CKD-EPI), a greater percentage of younger women with

a lower incidence of risk factors and cardiovascular disease

were observed (Table 4) with statistically significant differ-

ences. The same was observed in the subgroups of individu-

als that went from stage 3b by MDRD-4 IDMS to stage 3a by

CKD-EPI, but statistically significant differences were only

seen for age, sex, HTN and heart failure (Table 5).

Table 4. Characteristics of the individuals by CKD-EPI stage, for individuals in stage 45-59 (3a) for MDRD-4 IDMS

CKD-EPI

60-89 (2) 45-59 (3a) 30-44 (3b) P-value

(n = 1369) (n = 8964) (n = 387)

Age, median [Q1;Q3] 67.0 [64.0;72.0] 77.0 [72.0;82.0] 86.0 [82.0;89.0] <0.001

Males,  n (%) 330 (24.1%) 3545 (39.5%) 192 (49.6%) <0.001

Age groups, n (%) <0.001

60-64 years 404 (29.5%) 486 (5.42%) 0 (0.00%)

65-69 years 440 (32.1%) 1019 (11.4%) 0 (0.00%)

70-74 years 309 (22.6%) 1620 (18.1%) 7 (1.81%)

75-79 years 183 (13.4%) 2371 (26.5%) 32 (8.27%)

80-84 years 33 (2.41%) 1956 (21.8%) 128 (33.1%)

> 84 years 0 (0.00%) 1512 (16.9%) 220 (56.8%)

HTN, n (%) 868 (63.4%) 7156 (79.8%) 329 (85.0%) <0.001

D. Mellitus, n (%) 323 (23.6%) 2634 (29.4%) 124 (32.0%) <0.001

Dyslipidaemia, n (%) 1211 (88.5%) 7356 (82.1%) 287 (74.2%) <0.001

BMI ≥ 30, n (%)        451 (46.2%) 2720 (42.1%) 76 (29.3%) <0.001

Ischaemic heart disease, n (%) 76 (5.55%) 866 (9.66%) 58 (14.99%) <0.001

Cerebral vascular accident, n (%) 72 (5.26%) 838 (9.35%) 50 (12.92%) <0.001

Peripheral arterial disease, n (%) 35 (2.56%) 347 (3.87%) 25 (6.46%) 0.001

Heart failure, n (%) 65 (4.75%) 841 (9.38%) 57 (14.7%) <0.001

Atrial fibrillation, n (%) 80 (5.84%) 1049 (11.7%) 65 (16.8%) <0.001

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; DM: diabetes mellitus; HTN: hypertension; BMI: body mass index.

Figure 1 shows the concordance between methods using a

dispersion graph and the Bland-Altman graph stratified by

sex for individuals 70 years of age and under and MDRD-4

IDMS eGFR values less than 90ml/min/1.73m2. The disper-

sion graph shows that both men and women had greater

overall values on CKD-EPI. The observed values were

clearly higher than those expected for equality of the values

between equations. Women had slightly greater values com-

pared to men. The Bland–Altman graph revealed that the

mean overall differences between equations was 4.5 units

greater in the CKD-EPI estimation with 95% agreement

limits that fluctuated from 8.3 to 0.63ml/min/1.73m2

(greater in CKD-EPI). As the eGFR increased, the differ-

ences between equations increased in favour of the CKD-

EPI method. Figure 2 shows the same analysis for individu-

als over 70 years of age, also stratified by sex. The

dispersion graph between equations revealed how the two

types of estimations had similar values for both men and

women given that the observed and expected values were

very similar. Women had values that were slightly higher

than those of men with regards to the CKD-EPI equation.

For the Bland-Altman graph, the mean of the differences be-

tween equations for all individuals was 0; indicating no av-

erage systematic variability. The concordance limits were

observed between 4.3 and -4.3ml/min/1.73m2. This graph

also shows how the variability between equations grew with

the increase in eGFR.
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DISCUSSION

In our population of individuals 60 years of age or older or

those who were seen more in PC, the eGFR calculation by

CKD-EPI decreased the overall percentage of eGFR <60

by 5.3% in relative terms (from 15 to 14.2%). The greatest

decrease occurred in women 70 years of age or younger

(reduction of 35%) and in least occurred in women >70

years of age (3%); the prevalence increased by 7.7% in men

>70 years. The decrease in prevalence obtained with CKD-

EPI was concentrated in stage 3a, with a slight increase in

the remaining stages. 1.4% of individuals were reclassified

to no disease (eGFR > 60), all of whom were from stage

3a. This represents 12.8% of individuals in this stage. The

reclassification had a particular impact on individuals

younger than 70 years of age (33.6% of individuals in stage

3a versus 5.6% in those over 70 years of age) and more in

women (41.3%) than in men (24.4%). The reclassified in-

dividuals had a lower prevalence of risk factors and cardio-

vascular disease.

Table 6 shows the estimated prevalences for eGFR <60 by

MDRD and CKD-EPI in different studies. These reveal a

reduction in overall prevalence with CKD-EPI which

varies from 2% to 28% depending on the characteristics of

the population.8,10,15-21 The decrease is greater in study pop-

ulations with lower prevalences of eGFR <60, usually in

younger subjects, which could be related to the lower

baseline risk level and concordant with that seen in two

populations, general and high risk, on the CKDPC meta-

analysis.15

Women had a greater reduction than men and, in both sex-

es, the difference between the two formulas decreased with

age, even observing an increase in the prevalence of eGFR

<60 with CKD-EPI in men starting at 65 or 70 years of

age, depending on the study.

The decrease in the prevalence of eGFR <60 observed with

CKD-EPI, as with other studies, was concentrated in the

milder stage, stage 3. The percentages of subjects that

were reclassified with CKD-EPI from stage 3 to eGFR ≥60

varied in the different studies from 7.5% to 43.5%. In gen-

eral, studies with a greater reduction in the prevalence with

CKD-EPI also had more reclassification. In study 3 by

Ciudades,16 with subjects over 65 years of age with risk

factors similar to our population, the reduction in the total

prevalence of eGFR <60 and reclassification to eGFR ≥ 60

were similar to those seen in our study.

In studies which analyse the characteristics of reclassified

individuals,8,10,17-19 these were younger and with a higher

proportion of women. The AKDN also presented lower co-

morbidity such as HTN or DM.

Table 5. Characteristics of the individuals according to CKD-EPI stage, for individuals in stage 30-44 (3b) for MDRD-4 IDMS

CKD-EPI

45-59 (3a) 30-44 (3b) 15-29 (4) P-value

(n = 101) (n = 3038) (n =131)

Age, median [Q1;Q3] 67.0 [63.0;72.0] 80.0 [75.0;85.0] 84.0 [80.0;88.0] <0.001

Males, n (%) 18 (17.8%) 1025 (33.7%) 61 (46.6%) <0.001

Age groups, n (%) <0.001

60-64 years 33 (32.7%) 93 (3.06%) 0 (0.00%)

65-69 years 30 (29.7%) 180 (5.92%) 0 (0.00%)

70-74 years 25 (24.8%) 395 (13.0%) 8 (6.11%)

75-79 years 13 (12.9%) 709 (23.3%) 19 (14.5%)

80-84 years 0 (0.00%) 812 (26.7%) 40 (30.5%)

> 84 years 0 (0.00%) 849 (27.9%) 64 (48.9%)

HTN, n (%) 70 (69.3%) 2627 (86.5%) 109 (83.2%) <0.001

D. Mellitus, n (%) 29 (28.7%) 1072 (35.3%) 40 (30.5%) 0.223

Dyslipidaemia, n (%) 91 (90.1%) 2475 (81.5%) 98 (74.8%) 0.012

BMI >_ 30, n (%) 32 (43.8%) 940 (43.6%) 30 (37.0%) 0.499

Ischaemic heart disease, n (%) 9 (8.91%) 344 (11.32%) 16 (12.21%) 0.71

Cerebral vascular accident, n (%) 6 (5.94%) 362 (11.92%) 16 (12.21%) 0.18

Peripheral arterial disease, n (%) 2 (1.98%) 171 (5.63%) 11 (8.40%) 0.11

Heart failure, n (%) 8 (7.92%) 484 (15.9%) 31 (23.7%) 0.005

Atrial fibrillation, n (%) 7 (6.93%) 455 (15.0%) 16 (12.2%) 0.058

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; DM: diabetes mellitus; HTN: hypertension; BMI: body mass index.
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In the study by O’Callaghan17 in subjects under 75 years of

age, including men and women, there was a net change to a

higher eGFR, i.e. a lower stage. Conversely, in those over 80

years of age, the change was to a lower eGFR and worse

stage. Carter et al.18 described a lower difference in eGFR es-

timation between MDRD-4 IDMS and CKD-EPI at ages be-

tween 70-79 years and among the much older subjects, the

CKD-EPI obtained higher estimations that MDRD-4 IDMS.

The decrease in prevalence seen in our study, though some-

what lower, is concordant with studies that used similar

methodology, the same age groups and standardisation of cre-

atinine measurement, as well as the percentage that was re-

classified to stage 3.

In the studies carried out in our country, Montañes et al.22

compared the use of both formulas in individuals between 18-

97 years of age seen in a nephrology-urology clinic and they

also found greater concordance between both formulas in

men and in those over 70 years of age. The percentage of re-

classification from stage 3a to no disease was 17% overall

and 34.1% in those under 70 years of age. In addition, 9.8%

of cases catalogued as stage 3b went were reclassified as 3a

(18.9% in subjects <70 years of age, 24.7% in women), much

greater than the 3.1% found in our study. This may be due to

the differences in population with nephro-urological disease

(younger and with a higher proportion of men).

Esteve Poblador et al.20, with a study population with a mean

age of 73.5±8.3 years, and Elorza-Ricart et al.21, found a sim-

ilar overall incidence of eGFR <60 in the group ≥60, similar

with both equations. In this last study, the overall percentage

of reclassification from stage 3a to eGFR ≥60 of 21% was re-

duced to 5.7% in subjects over 70 years of age.

Our results coincide with the reviews done by Stevens et al.

and Early et al.11,23 in which the differences between both

equations for eGFR are less significant in elderly patients

than in the younger population and the differences are greater

as the eGFR values increase (Figure 1 and Figure 2).

The eGFR is important for detecting CKD, evaluating the

severity and rate of progression and for starting proper man-

agement. The MDRD-4 IDMS equation was developed in in-

Figure 1. Association between the glomerular filtration rate estimated with MDRD-4 IDMS and CKD-EPI by sex for
individuals with MDRD-4 IDMS <90 and age <_70 years.
CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; IDMS: isotopic dilution mass spectrophotometry; MDRD: Modification

of Diet in Renal Disease.
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dividuals with CKD and a decrease in glomerular filtration and

their greatest limitations are imprecision and systematic under-

estimation at high levels; in order to avoid these limitations, a

new more reliable equation was sought that was as reliable as

the MDRD-4 IDMS equation at values <60ml/min/1.73m2 and

more reliable at elevated values with results that were consis-

tent across age, sex and radial subgroups. The CKD-EPI equa-

tion improves the eGFR, especially at levels greater than

60ml/min/1.73m2, but limitations in precision persist. As the

authors concluded,8 the CKD-EPI equation did not overcome

the limitations of serum creatinine as a marker of endogenous

filtration, which suggests that age, race and sex do not encom-

pass all of the variability in the measurements not associated

with eGFR from creatinine; the lower bias of the CKD-EPI

equation versus the MDRD-4 IDMS equation would decrease

false positive diagnoses for CKD but not in all subgroups, in-

cluding those over 70 years of age.

The decrease in eGFR is an established risk factor for cardiovas-

cular disease, death and end-stage kidney disease and is impor-

tant to determine which formula best determines this risk. In the

ARIC and AusDiab studies9,10, the CKD-EPI equation was asso-

ciated with a better prognostic classification when compared

with MDRD-4 IDMS in individuals of medium age for overall

mortality, cardiovascular episode and end-stage kidney disease.

In the CKDPC15 meta-analysis, improvement in reclassification

was positive in the majority of subgroups defined by age (<65

and ≥65), sex, race/ethnicity (whites, Asians and blacks) and the

presence or absence of DM and HTN. The results of the cohorts

with CKD and high risk showed a high consistency with the ge-

neral population, which is why one can conclude that CKD-EPI

classifies fewer individuals with CKD and more reliably catego-

rizes the risk of mortality and end-stage CKD than the MDRD

equation in a wide range of populations.

The CKD-EPI equation was developed and validated in a po-

pulation with a low percentage of women over 70 years of

age and its results in this subgroup are scarce and controver-

sial. In the 3C study,16 in subjects over 65 years of age, the

estimation of excess risk associated with the decrease in

eGFR was similar with the MDRD-4 IDMS and CKD-EPI

equations. Conversely, in the NHANES study,24 the CKD-EPI

equation improved the risk classification in individuals, es-

pecially in those over 65 years of age.

Figure 2. Association between the glomerular filtration rate estimated with MDRD4-IDMS and CKD-EPI by sex for
individuals with MDRD-4 IDMS <90 and age >70 years.
CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; IDMS: isotopic dilution mass spectrophotometry; MDRD: Modification

of Diet in Renal Disease.
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The strong points of the study are the creatinine measure-

ments done in a single laboratory by a standardized method

with a well-defined population and a large number of indi-

viduals over the age of 60. In addition, as this is a study

performed in PC according to routine clinical practice, it

allows for the true impact of the use of one eGFR formula

or another to be evaluated.

No reference method for eGFR was used in our study. This

may be considered a limitation, though the primary objec-

tive of the study was not to evaluate the precision of eGFR

but rather to study the differences between both equations.

Another limitation of the study is that the diagnosis of

eGFR <60 was done using a single creatinine measurement,

though this is common in epidemiological studies. Finally,

Table 6. Prevalence of estimated glomerular filtration rate < 60 in different studies

Study eGFR < 60 Reclassification from

MDRD CKD-EPI Variation state 3 to stage 2

NHANES8 n = 15 563 Overall  8.2 % 6.7 % -18 % 43.5 %

(> 20 years  53 % females Females 10.2 % 8.1 % -21 %

general population) Age 47 ± 19 Males 6.2 % 5.4 % -13 %

60-69 years 15.6 % 10.8 % -31 %

≥ 70 years 37.4 % 37.8 % +0.01 %

AusDiab10 n = 11182 Overall 7.8 % 5.8 % -26 % 25 %

(> 25 years general 55.2 % Females 9.5 % 6.6 % -31 %

population) females Males 5.9 % 5.0 % -15 %

Age 51.5 ± 14.5

CKDPC meta-analysis15 n = 940366 

(> 18 years) 57 % females General population 8.7 % 6.3 % -28 % 34.7 %

Age 43

n = 151 494 

59 % females High risk 17.7 % 14.6 % -18 % 26.3 %

Age 49

3 Ciudades16 n = 8705 Overall 13.7 % 12.9 % -6 % 9.8 %

(> 65 years general 60.5 % females Females 14.7 % 13.0 % -12 %

population) Age 74.3 ± 5.5 Males 12.1 % 12.7 % +5 %

O'Callaghan et al.17 n = 175 671 Overall 15.7 % 14.5 % -8 % 11.1 % 

(> 18 years seen in Females 60-69 years 15.9 % 10.8 % -32 %

primary care) Males 60-69 years 10.6 % 8.6 % -19 %

Females > 70 years 41.3 % 41.2 % -0.002 %

Males > 70 years 33.3 % 35.5 % +7 %

Carter et al.18 n = 174 448 Overall 19 % 17.2 % -10 %

(> 18 years seen in  54.7 % females < 70 years 7.7 % 4.8 % -38 %

primary care) Median age  62 >_ 70 years 41.1 % 41 % -0.003 %

(49-74)

AKDNa19 n = 1 010 988 Overall 9.2 % 7.3 % -21 % 30.8 %

(> 18 years. provincial 

laboratory record)

Esteve Poblador et al.20 n = 20 000 Overall 33.1 % 32.3 % -2 % 7.5 % 

(creatinine measuremalest  51 % females Females 33.8 % 32.6 % -4 %

in the hospital) Age 73.5 ± 8.3 Males 32.1 % 32 % -0.3 %

Elorza-Ricart et al.21 n = 447 140 Overall 14.1 % 12.3 % -13 % 21 %

(20-29 years seen in 58.7 % females < 70 years 5.3 % 2.8 % -47 % 52.8 %

primary care) Age 56.6 ± 48.8 >_ 70 years 35 % 35 % 0 % 5.7 %

a It soes not include eGFR <15.
AKDN: Alberta Kidney Disease Network; CDK-EPI: Chronic Kidney Disease Epidemiology Collaboration; CKDPC: Chronic Kidney
Disease Prognosis Consortium; eGFR: estimated glomerular filtration rate; MDRD: Modification of Diet in Renal Disease; 
NHANES: National Health and Nutrition Examination Survey.
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the race variable was not taken into account, though Cau-

casian race predominates in our area and especially in this

age group.

While there is currently no optimal formula for eGFR, the

majority of studies note that CKD-EPI may be more useful

for reducing false positives in the diagnosis of CKD and it

has better prognostic ability for risk of death and end-stage

kidney disease; its use in PC would avoid classifying healthy

individuals as “sick” and reduce prescribing of medications

to reduce the supposed increased cardiovascular risk, as well

as allow for improved management of prospective risk in in-

dividuals with CKD. However, our study also indicates that

there are no great differences between the two equations in

individuals over 70 years of age. Follow-up in our cohort may

provide new data in the future.

Acknowledgements
This study was financed by the Carlos III Institute/Healthcare Research

Fund (PI11/02220).

Special thanks to IDIAP J Gol for their management of the project, and

to Lola Valero, from the Technical Section at DAP Costa de Ponent, for

extracting the data.

Conflicts of interest

The authors declare that they have no conflicts of interest re-

lated to the contents of this article.

REFERENCES

1. National Kidney Foundation. K/DOQI clinical practice guidelines

for chronic kidney disease: evaluation, classification, and

stratification. Am J Kidney Dis 2002;39(2 Suppl 1):S1-266.

2. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic

kidney disease and the risks of death, cardiovascular events, and

hospitalization. N Engl J Med 2004;351:1296-305.

3. The Chronic Kidney Disease Prognosis Consortium. Association of

estimated glomerular filtration rate and albuminuria with all-cause

and cardiovascular mortality: a collaborative meta-analysis of

general and high risk population cohorts. Lancet 2010;375:2073-

81.

4. van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward

M, Levey A, et al. Lower estimated glomerular filtration rate and

higher albuminuria are associated with all-cause and

cardiovascular mortality. A collaborative meta-analysis of high-risk

population cohorts. Kidney Int 2011;79(12):1341-52.

5. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more

accurate method to estimate glomerular filtration rate from serum

creatinine: a new prediction equation. Modification of Diet in

Renal Disease Study Group. Ann Intern Med 1999;130:461-70.

6. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S,

et al. Using standardized serum creatinine values in the

modification of diet in renal disease study equation for estimating

glomerular filtration rate. Ann Intern Med 2006;145:247-54.

7. Stevens LA, Coresh J, Deysher AE, Feldman HI, Lash JP, Nelson R,

et al. Evaluation of the MDRD Study equation in a large diverse

population. J Am Soc Nephrol 2007;18(10):2749-57.

8. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,

Feldman HI, et al. A new equation to estimate glomerular filtration

rate. Ann Intern Med 2009;150(9):604-12.

9. Matsushita K, Selvin E, Bash LD, Astor BC, Coresh J. Risk

implications of the new Epidemiology Collaboration (CKD-EPI)

equation compared with the MDRD Study equation for estimated

GFR: the Atherosclerosis Risk in Communities (ARIC) study. Am J

Kidney Dis 2010;55(4):648-59.

10. White SL, Polkinghorne KR, Atkins RC, Chadban SJ. Comparison

of the prevalence and mortality risk of CKD in Australia using the

CKD Epidemiology Collaboration (CKDEPI) and Modification of

Diet in Renal Disease (MDRD) Study GFR estimating equations: The

AusDiab (Australian Diabetes, Obesity anand Lifestyle) Study. Am J

Kidney Dis 2010;55(4):660-70.

11. Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M,

et al. Comparative performance of the CKD Epidemiology

Collaboration (CKD-EPI) and the Modification of Diet in Renal

Disease (MDRD) Study equations for estimating GFR levels above

60 mL/min/1.73 m2. Am J Kidney Dis 2010;56:486-95.

12. Levey AS, Stevens LA. Estimating GFR using the CKD Epidemiology

Collaboration (CKD-EPI) creatinine equation: more accurate GFR

estimates, lower CKD prevalence estimates, and better risk

predictions. Am J Kidney Dis 2010;55(4):622-7.

13. Welch MJ, Cohen A, Hertz HS, Ng KJ, Schaffer R, Van Der Lijn P, et

al. Determination of serum creatinine by isotope dilution mass

spectrometry as a candidate definitive method. Anal Chem

1986;58:1681-5.

14. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita

K, et al. The definition, classification, and prognosis of chronic

kidney disease: a KDIGO Controversies Conference report. Kidney

Int 2011;80(1):17-28.

15. Matsushita K, Mahmoodi BK, Woodward M, Emberson JR, Jafar

TH, Jee SH, et al.; for the Chronic Kidney Disease Prognosis

Consortium. Comparison of risk prediction using the CKD-EPI

equation and the MDRD study equation for estimated glomerular

filtration rate. JAMA 2012;307(18):1941-51.

16. Stengel B, Metzger M, Froissart M, Rainfray M, Berr C, Tzourio C,

et al. Epidemiology and prognostic significance of chronic kidney

disease in the elderly-the Three-City prospective cohort study.

Nephrol Dial Transplant 2011;26(10):3286-95.

17. O’Callaghan CA, Shine B, Lasserson DS. Chronic kidney disease: a

large-scale population-based study of the effects of introducing

the CKD-EPI formula for eGFR reporting. BMJ Open

2011;1(2):e000308.

18. Carter JL, Stevens PE, Irving JE, Lamb EJ. Estimating glomerular

filtration rate: comparison of the CKD-EPI and MDRD equations in

a large UK cohort with particular emphasis on the effect of age.

QJM 2011;104(10):839-47.

19. Matsushita K, Tonelli M, Lloyd A, Levey AS, Coresh J, Hemmelgarn



originals

563

Betlem Salvador-González et al. Estimation of GFR in Primary Care

Nefrologia 2013;33(4):552-63

BR, Alberta Kidney Disease Network. Clinical risk implications of

the CKD Epidemiology Collaboration (CKD-EPI) equation

compared with the Modification of Diet in Renal Disease (MDRD)

Study equation for estimated GFR. Am J Kidney Dis

2012;60(2):241-9.

20. Esteve Poblador S, Gorriz Pintado S, Ortuño Alonso M. Comparación

de dos ecuaciones para estimar el filtrado glomerular. Rev Clin Esp

2012;212(2):75-80.

21. Elorza-Ricart JM, Tovillas-Morán FJ, Oliveras-Puig A, Galcerán JM,

Fina F, Dalfó-Baqué A. Estudio transversal comparativo de las

fórmulas CKD-EPI y MDRD-4 a partir de la historia clínica

informatizada de Atención Primaria de Barcelona. Hipertens Riesgo

Vasc 2012;29(4):118-29.

22. Montañés R, Bover J, Oliver A, Ballarín JA, Gràcia S. Valoración de la

nueva ecuación CKD-EPI para la estimación del filtrado glomerular.

Nefrologia 2010;30(2):185-94.

23. Earley A, Miskulin D, Lamb EJ, Levey AS, Uhlig K. Estimating equations

for glomerular filtration rate in the era of creatinine standardization: a

systematic review. Ann Intern Med 2012;156(11):785-95.

24. Shafi T, Matsushita K, Selvin E, Sang Y, Astor BC, Inker LA, et al.

Comparing the association of GFR estimated by the CKD-EPI and

MDRD study equations and mortality: the third national health and

nutrition examination survey (NHANES III). BMC Nephrology

2012;13:42.

Sent to review: 9 Feb. 2013 | Accepted: 4 Mar. 2013


