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Abstract
Background: Chronic kidney disease (CKD) is becoming a major public health problem
worldwide. This article reviews the published evidence of prevalence of CKD in population-based
study samples that used the standardized definition from the Kidney Disease Outcomes Quality
Initiative of the National Kidney Foundation (K/DOQI) practice guideline, and particularly focus on
performance of serum-creatinine based equations for GFR estimation. We provide a summary of
available data about the burden of CKD in various populations.
Methods: We performed a systematic review of available published data in MEDLINE. A
combination of various keywords relevant to CKD was used in this research. Related data of
included studies were extracted in a systematic way.
Results: A total of 26 studies were included in this review. The studies were conducted in different
populations, and the number of study participants ranged from 237 to 65181. The median
prevalence of CKD was 7.2% in persons aged 30 years or older. In persons aged 64 years or older
prevalence of CKD varied from 23.4% to 35.8%. Importantly, the prevalence of CKD strongly
depended on which estimating equations were used. The Modification of Diet in Renal Disease
Study (MDRD) equation was likely to be preferred in recent epidemiological studies compared to
the adjusted Cockcroft-Gault (CG) equation.
Conclusion: Worldwide, CKD is becoming a common disease in the general population.
Accurately detecting CKD in special groups remains inadequate, particularly among elderly
persons, females or other ethnic groups such as Asians.

Background
Chronic kidney disease (CKD) is becoming a major public
health problem worldwide. The current burden of disease
might due to a change of the underlying pathogenicity of
CKD. Glomerulonephritis was the one of the leading
causes of kidney disease several decades ago. Nowadays,
infections have become a less important cause for kidney
disease, at least in the western world [1]. Moreover, cur-

rent evidence suggests that hypertension and diabetes are
the two major causes of kidney disease worldwide [2,3].
Given the pathogenic progression of kidney disease,
patients with CKD are at high risk for progression to the
end stage renal disease (ESRD) – a condition requiring
dialysis or kidney transplantation to maintain patients'
long-term survival. In 2001, the average annual cost for
maintenance of ESRD therapy was between US $70 and
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$75 billion worldwide excluding kidney transplantation,
and the predicted number of ESRD patients will reach
over 2 million in 2010 [4]. The enormous costs of treatment lead to a large burden for the health care systems,
particularly in developing countries.
In addition, CKD has a complicated interrelationship
with other diseases [5]. Recent studies have reported that
CKD is an independent risk factor for cardiovascular disease (CVD) [6]. Therefore, kidney dysfunction should be
an additional target for intervention and prevention of
CVD [7]. In 2003, the American Heart Association (AHA)
stated that persons with CKD should be regarded as the
highest risk group for subsequent CVD [8].
Due to the asymptomatic nature of this disease, CKD is
not frequently detected until its later progress, resulting in
lost opportunities for prevention. Progress to kidney failure or other adverse outcomes could be prevented or
delayed through early detection and treatment of CKD
[9,10].
Currently, large efforts have been made to a better detection of progressive kidney disease. In 2002 the Kidney
Disease Outcomes Quality Initiative (K/DOQI) of the
National Kidney Foundation (NKF) developed a practice
guideline for CKD [11]. According to this guideline, CKD
is defined as either kidney damage or glomerular filtration
rate (GFR) below 60 ml/min/1.73 m2 for three or more
months with or without evidence of kidney damage, irrespective of the cause [12]. GFR is estimated by serum creatinine based on equations rather than on direct
measurements. Several equations have been developed
and the most frequently used ones are the CockcroftGault (CG) equation and the Modification of Diet in
Renal Disease Study (MDRD) equation. Both equations
are currently considered to be the best methods to estimate GFR for adults in epidemiologic studies [13-15].
A number of epidemiologic studies assessed the prevalence of CKD in different populations and used different
equations to estimate kidney function. This article reviews
the recently published data on the prevalence of CKD in
population-based study samples that used the standardized definition from K/DOQI practice guideline, particularly focuses on performance of estimating equations for
GFR such as the MDRD equation and the CG equation,
and provides a summary for the burden of CKD.

http://www.biomedcentral.com/1471-2458/8/117

used for this search: "chronic kidney (or renal) disease",
"kidney (or renal) disease", "kidney (or renal) dysfunction", "decreased kidney (renal) function", "glomerular
filtration rate", "Cockcroft-Gault equation", "MDRD
equation", "prevalence", and "population" or "community". Reference lists of primary original studies and
review articles were also checked whether any further
related articles could be found (cross-references).
Study selection
Inclusion criteria were designed to find studies that
reported the prevalence of CKD in the general population.
Studies were included when carried out in a representative
sample of the general population, and when the definition of CKD was based on the K/DOQI practice guideline.
We excluded studies with a sample size of less than 50 participants, studies without GFR estimation by serum creatinine-based equations, and studies that provided only
serum creatinine concentration. Information published
only in abstract form was not included, as the abstracts
usually do not provide all necessary information to evaluate the quality of a study.
Definition of chronic kidney disease
We used the definition of CKD from the K/DOQI practice
guideline that was published in 2002 by the National Kidney Foundation (NKF). CKD was defined as CrCl or GFR
less than 60 ml/min/1.73 m2 [11,12].

Although CrCl is different from GFR, it is commonly used
as an estimation value in practice after adjusting for body
surface area (BSA); therefore, we also used CrCl to assess
the outcome, and compared CrCl with GFR.
The two equations were defined in the following way:
Simplified MDRD equation [15,16]: GFR (ml/min/1.73
m2) = 186.3 * (serum creatinine)-1.154 * (age)-0.203 *
(0.742 if female) * (1.21 if African American).
CG/BSA equation [14]: Creatinine Clearance (ml/min) =
(140 – age)/(serum creatinine) * (weight/72) * (0.85 if
female), which is further standardized for body surface
area (BSA) according to the Dubois and Dubois formula
[17]: BSA (m2) = 0.20247 * height (m) 0.725 * weight (kg)
0.425. Creatinine Clearance is also expressed as ml/min/
1.73 m2.

Methods

Serum creatinine is measured in mg/dl, age in years,
weight in kg, and GFR is expressed as ml/min/1.73 m2.

Search strategy
A systematic literature search was conducted in the
MEDLINE database (US National Library of Medicine,
Bethesda, Maryland) to identify all potentially relevant
publications before July 2006. The following words were

Data extraction
Two investigators reviewed each paper independently.
Discrepancies were discussed and agreement was achieved
by consensus. When possible, the prevalence of CKD was
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extracted as an overall value and stratified by estimating
equations, by age categories and by gender. In some
included studies, the prevalence of CKD was not directly
stated but available from published figures or calculated
from other available information of the articles. We presented the prevalence of CKD based on GFR estimation
only, although both GFR estimation and proteinuria were
reported in some of the included studies.
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65181 [41,30]. The subjects of included studies were all
adults (≥ 18 years old); 4 studies assessed the prevalence
of CKD among elderly persons over 63 years old
[23,24,26,35], and 10 studies among middle and oldaged persons (≥ 30 years old) [25,27,28,34,37-40,42,43].
Two studies were based on the data from the NHANES III
study, but used different time periods (1988–1994 and
1999–2000); both of these were included in this review
[20,21].

Results
Study characteristics
We retrieved 71 publications of potential interest for this
review, of which 45 studies were excluded (Fig 1). Finally,
we identified 26 articles fulfilling our inclusion criteria
[18-43]. Ten studies were from America (Table 1) [18-27],
8 studies were from Europe (Table 2) [28-35], and 8 were
from Asia and Australia (Table 3) [36-43]. The number of
participants in the included studies ranged from 237 to

We extracted the prevalence of CKD from 19 cross-sectional studies [18-21,23,25,29-32,34-41,43], and 7 studies that were based on a cohort study design [22,24,2628,33,42]. The assessment of the prevalence of CKD was
not the major study object in some of the included studies. Some mainly determined the association between
CKD and other risk factors, such as cardiovascular diseases
[18,22,25,26,31,32,41], diabetes [18], and life style fac-

Potentially relevant publications
identified and screened (n=71)
Reason for exclusion:
No original data (n=5)
Not a population based study (n=8)
Data presented in other article (n=9)
Articles retrieved for more
detailed evaluation (n=49)
Reason for exclusion:
No standard definition of CKD
(n=23)

Studies included (N=26)

Figure
Flow
diagram
1
of studies
Flow diagram of studies.
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Author [ref.] year

Country

Study population, study design, number of participants,
response, age, gender

Amato et al. [18] 2005

Mexico

Randomly selected participants from primary care facilities in a
large city, cross-sectional study, N = 3564, response NR, aged
>18 yrs., gender NR.

NR

Overall: 8.5%

Brown et al. [19] 2005

USA

Participants of the Kidney Early Evaluation Program (KEEP) in
33 states, cross-sectional study, N = 6071, response NR, aged
18–101 yrs. (mean age: 52 yrs.), 32% males.

Overall: 15.6%
Men: 14.4%, Women: 16.2%

NR

MDRD equation

Age (yrs.)
18–30
31–45
46–60
61–75
76+
Coresh et al. [20] 2005

Coresh et al. [21] 2003
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Fox et al. [22] 2006

USA

USA

USA

Participants of the Third National Health and Nutrition
Examination Survey (NHANES III, 1999–2000), cross-sectional
study, N = 4101, response NR, aged ≥ 20 yrs., 47.7% males.

Participants of the Third National Health and Nutrition
Examination Survey (NHANES III 1988–1994), cross-sectional
study, N = 15600, response NR, aged ≥ 20 yrs., 47% males.

Participants from the sixth examination of the Framingham
Offspring Study, cohort study, N = 3047, response NR, mean
age: 59 yrs., 48% males.

Overall: 3.8%
Men: 2.7%, women: 4.8%
White: 4.2%, African American: 3.4%, Mexican
American: 1.2%, other: 3.2%
Age (yrs.)
20–39
40–59
60–69
70+
Overall: 4.5%
Men: 3.6%, Women: 5.3%
White: 5.0%, African American: 3.3%, Mexican
American: 1.0%, other: 2.2%
Age (yrs.)
20–39
40–59
60–69
70+
Overall: 8.6%

CG/BSA equation

Men
2.4%
5.4%
9.5%
24.3%
45.6%

Women
2.7%
6.4%
11.5%
29.9%
45.0%
NR

0.5%
1.5%
6.2%
23.1%

0.2%
1.8%
7.6%
24.9%

Overall: 7.0%
Men: 6.3%, Women: 7.7%
White: 7.5%, African American: 7.8%, Mexican
American: 1.8%, other: 4.1%
Age (yrs.)
20–39
40–59
60–69
70+
NR

0.8%
10.5%
49.2%
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Table 1: Prevalence of chronic kidney disease (CKD) in population-based studies from America
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Garg et al. [23] 2004

Canada

Participants from long-term care facilities in the elderly,
retrospective cross-sectional study, N = 9931, response 85%,
aged ≥ 65 yrs. (mean age: 82 yrs.), 26% males.

Overall: 35.7%
Men: 27.1%, Women: 38.8%
Age (yrs.)
65–69
70–74
75–79
80–84
85–89
90–94
95+

NR
Men
9.2%
14.9%
21.7%
27.5%
32.8%
40.5%
37.8%

Women
22.8%
23.8%
29.2%
35.2%
41.9%
47.3%
50.7%

Hemmelgarn et al. [24]
2006

Canada

Participants from community-dwelling elderly in Calgary
Health region, cohort study, N = 10184, response NR, aged ≥
66 yrs., 42.6% males.

Overall: 35.4%
Men: 32%, Women: 38.2%

NR

Kramer et al. [25] 2005

USA

Participants of the Dallas Heart Study, cross-sectional survey,
N = 2660, response NR, aged 30–65 yrs.(mean age: 43.9 yrs.),
49.5% males.

Overall: 1.5%

NR

Manjunath et al. [26]
2003

USA

Participants of the Cardiovascular Health Study
(CHS), cohort study, N = 4893, response NR, aged ≥
65 yrs. (mean age: 75.4 yrs.), 44.5% males.

Overall: 23.4%
Men: 25%, Women: 22.2%

NR

McClellan et al. [27]
2006

USA

Randomly selected participants of the Reasons for
Geographic and Racial Differences in Stroke
(REGARDS) study, cohort study, N = 20667,
response NR, aged ≥ 45 yrs., 48.8% males.

Overall: 43.3%
Men: 38.9%, Women: 47.5% White: 49.9%,
African American: 33.7%

NR

Age (yrs.)
45–54
55–64
65–74
75–84
85+
MDRD: simplified equation of the Modification of Diet in Renal Disease Study.
CG/BSA: Cockcroft-Gault formula adjusted by Body Surface Area.
GFR: Glomerular Filtration Rate. NR: Not reported.

19.3%
31.6%
51.3%
62.7%
71.0%
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Table 1: Prevalence of chronic kidney disease (CKD) in population-based studies from America (Continued)

Table 2: Prevalence of chronic kidney disease (CKD) in population-based studies from Europe

Country

Study population, study design, number of participants, response, age, gender

Brugts et al. [28] 2005

Netherlands

Participants of the Rotterdam Study, prospective cohort study, N = 4484,
response 78%, aged ≥ 55 yrs. (mean age: 69.6 yrs.), 36.3% males.

NR

Overall: 44.9%

Cirillo et al. [29] 2006

Italy

Participants from central Italy, cross-sectional study, N = 4574, response NR,
aged 18–95 yrs., 45.5% males.

Overall: 6.4%
Men: 6.5%, Women: 6.2%
Age (yrs.)
18–44
45–54
55–64
65–74
75+

NR

Hallan et al. [30] 2006

Participants of the second Health Survey of Nord-Trondelag County (HUNT
II), cross-sectional study, N = 65181, response 70.4%, aged ≥ 20 yrs. (mean age:
50.2 yrs.), 46.8% men.

Switzerland

Participants of the Swiss SAPALDIA Study, random sample, cross-sectional
study, N = 6317, response NR, aged ≥ 18 yrs., 49% males.

CG/BSA equation

Men
0.6%
2.6%
7.3%
15.0%
34.5%

Women
1.3%
1.3%
5.4%
11.0%
31.6%

Overall: 4.7%
Men: 3.6%, Women: 5.7%
Age (yrs.)
20–39
30–59
60–69
70+

Nitsch et al. [31] 2006
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Norway

MDRD equation

Overall: 8.1%
Men: 4.5%, Women: 11.5%
Age (yrs.)
< 55
55–65
66+

NR

0.2%
1.4%
6.3%
18.6%
NR
Men
1.1%
7.1%
12.9%

Women
7.9%
23.5%
35.9%

Otero et al. [32] 2005

Spain

Randomly selected participants of the Estudio Epidemioloógic o de la
Insuficiencia Renal en Espana (EPIRCE) pilot study, cross-sectional study, N =
237, response NR, aged ≥ 20 yrs. (mean age: 49.58 yrs.), 42.6% males.

Overall: 5.1%

NR

Verhave et al. [33] 2004

Netherlands

Participants of the Prevention of Renal and Vascular End-stage Disease Study,
cohort study, N = 6022, response NR, aged 28–75 yrs. (mean age: 48 yrs.),
51.5% males.

NR

Overall: 4.2%

Viktorsdottir et al. [34] 2005

Iceland

Participants of the Reykijavik Heart Study, cross-sectional study. N = 19256,
response NR, aged 33–85 yrs., 48% males.

Overall: 7.2%
Men: 3.7%, Women: 10.9%
Age (yrs.)
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80+

Overall: 24.7%
Men: 19%, Women: 30%

Wasen et al. [35] 2004

Finland

Participants from elderly residents in a community, cross-sectional study, N =
1246, response 83%, age 64–100 yrs. (mean age: 74 yrs.), 42% males.

MDRD: simplified equation of the Modification of Diet in Renal Disease Study.
CG/BSA: Cockcroft-Gault formula adjusted by Body Surface Area.
GFR: Glomerular Filtration Rate.
NR: Not reported.

Overall: 35.8%

Men
0.8%
1.1%
1.3%
2.3%
2.4%
5.2%
13.5%
17.0%
19.5%
24.5%

Women
2.2%
3.0%
4.4%
6.3%
7.6%
11.7%
36.1%
38.1%
35.3%
53.1%
Overall: 58.5%
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Prevalence of CKD
Author [ref.] year

Country

Study population, study design, number of participants, response, age, gender

Chadban et al. [36] 2003

Australia

Randomly selected participants of the Australian Diabetes, Obesity and Lifestyle Study
(AusDiab), cross-sectional survey, N = 11247, response 89.1%, aged 25 ≥ yrs., gender
NR.

Chen et al. [37] 2005

China

Participants of the International Collaborative Study of Cardiovascular Disease in Asia
(InterASIA), random sample, cross-sectional study, N = 15540, response 83.3%, aged
35–74 yrs., 48.5% males.

MDRD equation

CG/BSA equation

NR

Overall: 11.2%
Men: 9.3%, Women:
13.0%
Age (yrs.)
25–44
45–64
65+

Overall: 2.5%
Men: 1.3%, Women: 3.8%

Overall: 20.4%

Age (yrs.)
35–44
45–54
55–64
65–74

Men
0.2%
0.7%
1.6%
5.8%
NR

Women
1.2%
2.7%
6.4%
10.4%

Domrongkitchaiporn et al.
[38] 2005

Thailand

Participants of the Electricity Generating Authority of Thailand (EGAT) study,
employees sample, cross-sectional study, N = 2967, response NR, aged 35–55 yrs., 76%
males.

Overall: 6.8%

Konta et al. [39] 2006

Japan

Participants of the Molecular Epidemiological Study, cross-sectional survey, N = 2321,
response NR, aged > 40 yrs. (mean age: 64 yrs.), 44:5% males.

NR

Overall: 28.8%

Li et al. [40] 2006

China

Participants from residents in a district of a large city, cross-sectional survey, N = 2310,
response NR, aged ≥ 40 yrs., 49.5% males.

Overall: 4.9%
Men: 4.8%, Women: 5.0%
Age (yrs.)
40–49
50–59
60–69
70+

NR
Men
0
1.5%
4.4%
10.6%

Women
0.4%
2.5%
5.8%
12.9%

McDonald et al. [41] 2003

Australia

Participants from a costal aboriginal community, cross-sectional study, N = 237,
response NR, aged ≥ 18 yrs., 133 males.

Overall: 12%

NR

Ninomiya et al. [42] 2005

Japan

Participants from study of Cerebrovascular and Cardiovascular Diseases, prospective
cohort study, N = 2634, response 80.7%, aged ≥ 40 yrs., 42.1% males.

Overall: 10.3%
Men: 5.3%, Women: 13.8%

NR

Shankar et al. [43] 2006

Singa pore

Participants from private census, cross-sectional study, N = 4898, response 81.1%, aged
43–86 yrs. (mean age: 62.3 yrs.), 44% males.

Overall: 6.6%
Men: 7.1%, Women: 6.2%
Age (yrs.)
43–59
60–69
70–79
80+

NR

MDRD: simplified equation of the Modification of Diet in Renal Disease Study.
CG/BSA: Cockcroft-Gault formula adjusted by Body Surface Area.
GFR: Glomerular Filtration Rate.
NR: Not reported.

1.8%
6.5%
11.5%
21.8%

Men
1.8%
51.8%

Women
0
3.2%
57.2%
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Table 3: Prevalence of chronic kidney disease (CKD) in population-based studies from Asia and Australia
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tors [43], or assessed the difference between estimating
equations for kidney function [35].
Prevalence of CKD
Equation-specific prevalence of CKD
Overall, 17 studies used the MDRD equation [19,20,2227,29-32,38,40-43], 5 studies used the CG/BSA equation
[18,28,33,36,39] and 4 studies used both of them
[21,34,35,37]. Eight of 9 studies were published in 2006
with GFR estimation by the MDRD equation. The studies
estimated GFR with both of the MDRD and the CG/BSA
equations among the same population, and all reported a
higher prevalence of CKD with the CG/BSA equation than
with the MDRD equation [21,34,35,37]. A study based on
the NHANES III survey provided the age-specified prevalence with both equations [21]. The increase of the prevalence with age was notably greater in using the CG/BSA
rather than the MDRD equation, particularly in persons
aged 70 years or older. The differences in the prevalence of
CKD equations seemed much stronger among elderly persons than among younger ones.
Age-specific prevalence of CKD
The prevalence of CKD varied strongly with age. Four
studies were conducted among elderly persons (≥ 64
years) and showed a markedly high prevalence
[23,24,26,35]. Manjunath et al. [26] measured serum
samples from a community-based cohort study and found
a prevalence of 23.4% by use of the MDRD equation for
persons aged 65 years or older. In Canada, a cross-sectional study [23] showed a higher prevalence (35.7%)
than the study of Manjunath et al. [26] in the USA. Meanwhile, Wasén et al. [35] used both MDRD and GC/BSA
equations to estimate GFR in elderly persons in Finland
and reported a much higher prevalence in using the CG/
BSA equation (58.5%) than using the MDRD equation
(35.8%). Another recent study from Canada reported an
overall prevalence of 35.4% in elderly persons aged 66
years or older [24]. Figure 2 shows the prevalence of stages
of CKD in studies conducted in population-based samples in the elderly with CKD.

Several studies were conducted in middle and old-aged
persons (≥ 30 years old) [27,28,34,37-40,42,43]. The
prevalences of CKD varied from 1.5% to 43.3% in different populations (median: 7.2%). The Dallas Heart Study
[25], which included 2660 participants aged from 30 to
65 years old, reported the lowest prevalence of CKD by
means of the MDRD equation (1.5%). The highest prevalence was reported from a cohort study among persons
aged 45 years or older in USA (43.3%) [27].
In general, the prevalence of CKD increased with age
within the same study population [19-21,23,27,2931,34,37,40,43]. For example, the prevalence of CKD

http://www.biomedcentral.com/1471-2458/8/117

from the NHANES III study from 1988 to 1994 [21], a
cross-sectional representative survey in USA, was 0.2% in
the age group 20–39 years, 1.8% in the age group 40–59
years, 7.6% in the age group 60–69 years, and 24.9% in
persons aged 70 and older as determined by means of the
MDRD equation. Similar age-related increases of prevalence were observed in other studies as well, regardless
which equation was used [19,20,23,27,29-31,37,40,43].
Coresh et al. [20] compared prevalence of CKD from two
surveys of the National Health and Nutrition Examination Survey (NHANES III) conducted from 1998 to 1994
and 1999 to 2000 separately. They found that the overall
prevalence of CKD was similar in both surveys (4.5%
from 1998 to 1994, 3.8% from 1999 to 2000) and the
proportions of CKD were also comparable with respect to
gender and ethnicity.
Gender-specific prevalence of CKD
Most of the included studies also presented a gender-specific prevalence of CKD [19, 21, 23, 24, 27, 30, 31, 34, 36,
40, 42, 43]. In general, the prevalence of CKD was greater
in women than in men, regardless of age. A cross-sectional
study reported a higher prevalence of CKD in Swiss
women compared with men (4.5% in men and 11.5% in
women) [31]. Brown et al. [19] reported remarkably high
prevalences in both men and women, but women had a
tendency to have a higher prevalence of CKD than men
(14.4% in men and 16.2% in women, p = 0.09). Chadban
et al. [36] reported a statistically significant gender-difference of prevalences derived from the AusDiab Study
(9.3% in men and 13.0% in women, p = 0.002). In general, a higher prevalence of CKD in women compared
with men was observed across age categories and also in
various ethnic groups.
Ethnic-specific prevalence of CKD
In 3 studies from the USA, the prevalences of CKD were
higher in Caucasians than in African Americans
[20,21,27]. Notably, two studies from NHANES III
reported CKD prevalences with respect to various ethnic
subgroups: Mexican Americans were less likely to have
CKD than African Americans and Caucasians [20,21]. The
ethnic-specific prevalence was 49.9% in 11620 Caucasians and 33.7% in 8139 African Americans from the
REGARDS cohort study [27].

Additionally, 6 studies from four countries in Asia (Thailand, China, Singapore and Japan) were conducted in
comparable age groups [37-40,42,43]. Considering the
estimating equations of GFR, a very high prevalence of
CKD was found in a Chinese population (20.4%) [37]
and a Japanese population (28.8%) [39] using the CG/
BSA equation. When the MDRD equation was used, a
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Prevalence
GFR 30-59
GFR < 30

100%

80%

60%

40%

35.7%

35.4%

35.8%
23.4%

20%

0%
1 al. [23],
Garg et
2004 (Canada)

2 et al. [24], Manjunath
3 et al. [26],
Hemmelgarn
2006 (Canada)
2003 (USA)

Wasen et 4al. [35],
2004 (Finland)

Figure
2 of CKD stages in elderly persons (≥ 64 years) with CKD using the MDRD equation (GFR, ml/min/1.73 m2)
Prevalence
Prevalence of CKD stages in elderly persons (≥ 64 years) with CKD using the MDRD equation (GFR, ml/min/1.73 m2). The
numbers over each bar represent whole prevalence of CKD (GFR < 60 ml/min/1.73 m2).

lower prevalence was found (mean prevalence: 6.2%) as
seen in other studies [37,38,40,42,43].

cessation, and the usage of lipid-lowering and antiinflammatory medication [9].

Discussion

Prevalence of CKD and estimating equations
Serum creatinine concentration is the most commonly
used biomarker to predict the level of kidney function, but
it can be affected by various factors such as age, gender,
ethnicity, muscle mass, dietary habit and specific drug
use. The serum creatinine-based equations for GFR estimation overcome some of the limitations of using serum
creatinine alone because they are adjusted for age, gender,
ethnicity, or body size. So far, more than 25 serum creatinine-based equations for GFR estimation have been
developed [47]. The MDRD equation and the CG/BSA
equation are the most widely used equations for GFR estimation in practice; thus, we focus discussion on the performance of these two equations.

This systematic review summarized the prevalence of CKD
in various population-based studies, which used a standardized definition of CKD and considered age-, genderand ethnic-specific prevalence of CKD. Overall, the prevalence of CKD varied widely among the study populations
and increased clearly with age. In general, females had a
higher prevalence than males, especially in the middle
aged groups. African Americans had a lower prevalence
than Caucasians, and Asian populations had a relatively
high prevalence. More importantly, the prevalence of
CKD strongly depended on the estimating equations; the
prevalence was much higher with the use of the CG/BSA
equation than with the MDRD equation.
Although the burden of CKD seemed quite large in some
studies, less than 2% of the CKD patients progresses to
ESRD according to data from the US [44,45]. However,
patients with early stages of CKD are clearly at risk for cardiovascular diseases [46]. Several interventions have been
suggested to delay the progression of CKD or to prevent
other complications of CKD, such as low-protein diets,
strict control of blood pressure and proteinuria, smoking

Lin et al. found that the MDRD equation was more precise
and accurate to estimate GFR in healthy persons compared with the CG equation, but the MDRD equation consistently underestimated GFR and the CG equation
overestimated GFR [48]. The latest study from Levey et al.
calculated differences between estimated and measured
GFR by stages of CKD [49], and reported that the MDRD
equation was substantially better to estimate GFR in persons with CKD and with a measured GFR of less than 90
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ml/min/1.73 m2 compared to the CG/BSA equation. They
also suggested that the use of a standard serum creatinine
assay might improve the accuracy of GFR estimates. In
contrast, a cross-sectional study of Veroort et al. reported
a significant difference between measured GFR and estimated GFR after correcting by means of renal tubular
secreted creatinine in healthy persons (9.0 ml/min/1.73
m2 for CG/BSA equation, 10.7 ml/min/1.73 m2 for the
MDRD equation, p = 0.03) [50]. They concluded that the
MDRD equation was less accurate in estimating GFR than
the CG/BSA equation in persons with a normal GFR.
However, the result should be carefully considered
because of the small sample size of the study (n = 46).
Meanwhile, Rule et al. showed a weak correlation between
measured GFR and estimated GFR (r = 0.26, p < 0.001 for
the MDRD equation; r = 0.35, p < 0.001 for the CG/BSA
equation) in 365 healthy potential kidney donors [51],
and they concluded that both equations were more or less
inaccurate in healthy persons. Laboratory interferences
and different study settings might partly explain the conflicting results.
A review article summarized the available data in 2005
and concluded that the MDRD equation provides a more
accurate and clinical acceptable estimation of GFR than
the CG equation in patients with GFR less than 60 ml/
min/1.73 m2 [47]. However, the CG/BSA equation is
superior to the MDRD equation in terms of long timeperiod use in practice. Since the CG equation was published in 1976, it has been the most widely used equation
in clinical practice, especially in drug dosage adjustments
[14]. Later, it was adjusted to the body surface area (BSA)
according to the Dubois and Dubois formula [17]. The
adjustment for BSA had no affect on the accuracy of performance of the CG equation [48]. The MDRD equation
was published in 1999 [15] and is widely used in clinical
practice and epidemiologic studies [52]. Considering that
these two equations were derived from patients with CKD,
further studies should investigate for an improved prediction equation for GFR estimation in persons with normal
or mildly decreased kidney function [53].
Prevalence of CKD and personal characteristics
Age presents one of the most important factors that affect
kidney function. Generally, kidney function is stable after
infancy until late adulthood [54]. GFR declines by 1 ml/
min/1.73 m2 per year after the age of 30 years in healthy
persons [5]. The decrease in kidney function might be due
to the changes in the kidney structure associated with
aging [55]. In the included studies, the elderly had a markedly higher prevalence of CKD and the prevalence
increased with age in all populations, particularly among
elderly persons aged 70 years or older. This steep increase
in the prevalence of CKD in the elderly might be partly
due to related comorbidities of CKD, such as cardiovascu-
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lar diseases or diabetes. Moreover, the serum creatinine
concentration remains within the normal range until a
significant decrease of kidney function, especially in the
elderly [56]. Serum creatinine is not a sensitive marker of
GFR in older persons. In addition to the substantial effect
of age on the kidney structure and kidney function, the
same GFR level might have different pathophysiologic or
non-pathophysiologic effects on kidney function in different age groups.
Furthermore, a gender-different prevalence of CKD was
revealed in most included studies. Females had a higher
prevalence of CKD than males. Females have less muscle
mass as compared to males and the muscle mass is a
major determinant of serum creatinine concentration
[57]. Some risk factors for CKD in favour of males are
unlikely to explain the difference between females and
males, e.g. the prevalences of smoking and alcohol consumption, as well as the prevalence of cardiovascular diseases, which are generally higher in males than in females.
The higher prevalence of CKD might partly be the result of
an inaccurate correction factor for females in both equations. Additionally, the difference between females and
males in glomerular structure, glomerular haemodynamics, and the hormone metabolism might play an important role in the gender disparity [58]. However, some
uncertainties about the validity of prediction equations
still remain, particularly when they are used in females.
CKD in different ethnic groups
Both equations were developed from defined study populations. In the CG equation, no information on ethnicity
was considered [14]. The MDRD equation was developed
from study participants with only 12% of participants
being African Americans [15,16]. In the US, the ageadjusted rate of ESRD for African Americans was almost 4
times higher than that for American Caucasians [59]. Li et
al. concluded that the ethnical difference in the incidence
of ESRD might partly be due to a higher prevalence of primary causal diseases of ESRD (e.g. diabetes, hypertension) and lower access to health care measures in African
Americans as compared to American Caucasians [60].
McClellan et al. [27] investigated the ethnic difference of
CKD in a population-based cohort of subjects aged 45
years or older and found that African Americans had a
lower prevalence of CKD in early stages of CKD, but had
a high prevalence of ESRD. They speculated that this disparity might be caused by different access to health care,
poor control of other related risk factors, or differences in
genetic factors, environmental exposures or life style.
Studies hypothesized that the lower CKD prevalence in
African Americans as compared to Caucasians might be
due to impaired renal development and fewer nephrons
resulting from a larger incidence of low birth weight in
African Americans [61-63] or due to hyperfiltration and

Page 10 of 13
(page number not for citation purposes)

BMC Public Health 2008, 8:117

faster progression of CKD in African Americans [20,44]; it
might also be the result of genetic differences, lifestyle difference, or different comorbidity, but the exact mechanisms remain unclear. Although the ethnical disparity
could due to the different performance of GFR estimation
equations in various ethnic groups, a recent study
reported that the MDRD equation showed only little bias
in African Americans [64].
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considered, which was only available in some of the studies. Reliable creatinine measurement in GFR is critical to
the diagnosis of CKD. Different assays of creatinine measurement make it difficult to compare the prevalence of
CKD across studies directly and having a worldwide
standardization would provide a major improvement for
the comparison of epidemiological studies.

Conclusion
We found unexpectedly higher prevalences of CKD when
using the CG/BSA equation in Chinese and Japanese populations than in the US population. Interestingly, Chen et
al. reported a large difference in the prevalence of CKD
using the MDRD and the CG/BSA equations (2.5% using
MDRD, 20.4% using CG/BSA) in the same study population from China [37]. Similar equation-differences were
seen in 2 Japanese studies (10.3% using MDRD, 28.8%
using CG/BSA) [39,42]. Zou et al. evaluated the validity of
the MDRD and the CG/BSA equations among the Chinese
population, and they suggested that further studies
should be performed to determine the exact correction
factor for CKD among the Chinese [65]. The original
MDRD equation has been modified in China and Japan
by specific coefficients [66-68]. A recent study in China
developed a cystatin C-based equation for GFR estimation
and combined serum creatinine and cystatin C measurement to improve accuracy of GFR estimation [69].
One of the included studies in the review assessed kidney
function with cystatin C in elderly persons [35]. Cystatin
C is under investigation as a promising marker for serum
creatinine in estimating GFR [70,71]. More recent
research has focused on the development of cystatin Cbased equations for GFR estimation in the elderly and in
different clinical setting such as in patients with diabetes
and patients with cardiovascular disease et al. [72,73].
When looking on the results of our review the following
limitations should be considered. Our primary interest
was to identify all studies conducted in a populationbased setting using a standard definition of CKD from the
K/DOQI guideline to give an overview over the current situation of CKD worldwide. However, the differences in the
prevalence of comorbidities and/or other factors related
to risk of CKD, such as the prevalence of cardiovascular
diseases, diabetes, infection, or lifestyle and socioeconomic factors, might affect the prevalence of CKD [74].
We were not able to take the underlying prevalence of
these factors into account in the present review; further
studies should be conducted and investigate them in
more detail. It should be noted that the prevalence of
CKD might be underestimated in the present review
because other indications of kidney damage such as proteinuria were not considered by most of the included
studies. In addition, the response quote should also be

In conclusion, despite the disparities of GFR estimation,
CKD is already a common disease in the worldwide general population. However, accurate detection of CKD in
special subgroups remains inadequate. Besides putting
more efforts to estimate GFR accurately in the general
population, further studies should validate the means of
GFR estimation in elderly persons, in females and in different ethnical groups. Additionally, the use of new
emerging biomarkers like cystatin C should be an important issue in further studies of CKD.

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
Q-LZ conducted the literature search, summarized all eligible papers, participated in synthesis of findings and
drafted the manuscript. DR reviewed the manuscript and
participated in synthesis of findings. Both authors read
and approved the final manuscript.

Acknowledgements
The writing of this paper was funded in part by a scholarship from the German Research Foundation (DFG) within the framework of the graduation
program (Graduiertenkolleg) 793 (work of QLZ).

References
1.
2.

3.
4.
5.
6.

7.
8.

Barsoum RS: Chronic kidney disease in the developing world.
N Engl J Med 2006, 354:997-999.
Haroun MK, Jaar BG, Hoffman SC, Comstock GW, Klag MJ, Coresh
J: Risk factors for chronic kidney disease: a prospective study
of 23,534 men and women in Washington County, Maryland.
J Am Soc Nephrol 2003, 14:2934-2941.
Perneger TV, Brancati FL, Whelton PK, Klag MJ: End-stage renal
disease attributable to diabetes mellitus. Ann Intern Med 1994,
121:912-918.
Lysaght MJ: Maintenance dialysis population dynamics: current trends and long-term implications. J Am Soc Nephrol 2002,
13(Suppl 1):S37-S40.
Snively CS, Gutierrez C: Chronic kidney disease: prevention
and treatment of common complications. Am Fam Physician
2004, 70:1921-1928.
Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S: Renal insufficiency
as a predictor of cardiovascular outcomes and the impact of
ramipril: the HOPE randomized trial. Ann Intern Med 2001,
134:629-636.
de Zeeuw D, Hillege HL, de Jong PE: The kidney, a cardiovascular
risk marker, and a new target for therapy. Kidney Int Suppl
2005, 98:S25-S29.
Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm
LL, McCullough PA, Kasiske BL, Kelepouris E, Klag MJ, Parfrey P, Pfeffer M, Raij L, Spinosa DJ, Wilson PW: Kidney disease as a risk factor for development of cardiovascular disease: a statement

Page 11 of 13
(page number not for citation purposes)

BMC Public Health 2008, 8:117

9.
10.
11.
12.

13.
14.
15.

16.
17.
18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

from the American Heart Association Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research,
Clinical Cardiology, and Epidemiology and Prevention. Circulation 2003, 108:2154-2169.
Locatelli F, Vecchio LD, Pozzoni P: The importance of early
detection of chronic kidney disease. Nephrol Dial Transplant
2002, 17(Suppl 11):2-7.
Ruggenenti P, Schieppati A, Remuzzi G: Progression, remission,
regression of chronic renal diseases.
Lancet 2001,
357:1601-1608.
National Kidney Foundation: K/DOQI clinical practice guidelines
for chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis 2002, 39:S1-266.
Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, Hogg RJ,
Perrone RD, Lau J, Eknoyan G: National Kidney Foundation
practice guidelines for chronic kidney disease: evaluation,
classification, and stratification.
Ann Intern Med 2003,
139:137-147.
Verhave JC, Balje-Volkers CP, Hillege HL, de Zeeuw D, de Jong PE:
The reliability of different formulae to predict creatinine
clearance. J Intern Med 2003, 253:563-573.
Cockcroft DW, Gault MH: Prediction of creatinine clearance
from serum creatinine. Nephron 1976, 16:31-41.
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,
130:461-470.
Levey AS, Greene T, Kusek JW, Beck GJ: Simplified equation to
predict glomerular filtration rate from serum creatinine. J
Am Soc Nephrol 2000, 11:A826-A828.
Dubois D, Dubois EF: A formula to estimate the approximate
area if height and weight be known. Ann Intern Med 1916,
17:863-871.
Amato D, varez-Aguilar C, Castaneda-Limones R, Rodriguez E, vilaDiaz M, Arreola F, Gomez A, Ballesteros H, Becerril R, Paniagua R:
Prevalence of chronic kidney disease in an urban Mexican
population. Kidney Int Suppl 2005, 97:S11-S17.
Brown WW, Peters RM, Ohmit SE, Keane WF, Collins A, Chen SC,
King K, Klag MJ, Molony DA, Flack JM: Early detection of kidney
disease in community settings: the Kidney Early Evaluation
Program (KEEP). Am J Kidney Dis 2003, 42:22-35.
Coresh J, Byrd-Holt D, Astor BC, Briggs JP, Eggers PW, Lacher DA,
Hostetter TH: Chronic kidney disease awareness, prevalence,
and trends among U.S. adults, 1999 to 2000. J Am Soc Nephrol
2005, 16:180-188.
Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS: Prevalence of
chronic kidney disease and decreased kidney function in the
adult US population: Third National Health and Nutrition
Examination Survey. Am J Kidney Dis 2003, 41:1-12.
Fox CS, Larson MG, Vasan RS, Guo CY, Parise H, Levy D, Leip EP,
O'donnell CJ, D'Agostino RB Sr, Benjamin EJ: Cross-sectional association of kidney function with valvular and annular calcification: the Framingham heart study. J Am Soc Nephrol 2006,
17:521-527.
Garg AX, Papaioannou A, Ferko N, Campbell G, Clarke JA, Ray JG:
Estimating the prevalence of renal insufficiency in seniors
requiring long-term care. Kidney Int 2004, 65:649-653.
Hemmelgarn BR, Zhang J, Manns BJ, Tonelli M, Larsen E, Ghali WA,
Southern DA, McLaughlin K, Mortis G, Culleton BF: Progression of
kidney dysfunction in the community-dwelling elderly. Kidney
Int 2006, 69:2155-2161.
Kramer H, Toto R, Peshock R, Cooper R, Victor R: Association
between chronic kidney disease and coronary artery calcification: the Dallas Heart Study. J Am Soc Nephrol 2005,
16:507-513.
Manjunath G, Tighiouart H, Coresh J, Macleod B, Salem DN, Griffith
JL, Levey AS, Sarnak MJ: Level of kidney function as a risk factor
for cardiovascular outcomes in the elderly. Kidney Int 2003,
63:1121-1129.
McClellan W, Warnock DG, McClure L, Campbell RC, Newsome BB,
Howard V, Cushman M, Howard G: Racial differences in the
prevalence of chronic kidney disease among participants in
the Reasons for Geographic and Racial Differences in Stroke
J Am Soc Nephrol 2006,
(REGARDS) Cohort Study.
17:1710-1715.

http://www.biomedcentral.com/1471-2458/8/117

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.

43.
44.
45.

46.

Brugts JJ, Knetsch AM, Mattace-Raso FU, Hofman A, Witteman JC:
Renal function and risk of myocardial infarction in an elderly
population: the Rotterdam Study. Arch Intern Med 2005,
165:2659-2665.
Cirillo M, Laurenzi M, Mancini M, Zanchetti A, Lombardi C, De Santo
NG: Low glomerular filtration in the population: prevalence,
associated disorders, and awareness.
Kidney Int 2006,
70:800-806.
Hallan SI, Coresh J, Astor BC, Asberg A, Powe NR, Romundstad S,
Hallan HA, Lydersen S, Holmen J: International comparison of
the relationship of chronic kidney disease prevalence and
ESRD risk. J Am Soc Nephrol 2006, 17:2275-2284.
Nitsch D, Felber DD, von EA, Gaspoz JM, Downs SH, Leuenberger P,
Tschopp JM, Brandli O, Keller R, Gerbase MW, Probst-Hensch NM,
Stutz EZ, ckermann-Liebrich U: Prevalence of renal impairment
and its association with cardiovascular risk factors in a general population: results of the Swiss SAPALDIA study. Nephrol Dial Transplant 2006, 21:935-944.
Otero A, Gayoso P, Garcia F, de Francisco AL: Epidemiology of
chronic renal disease in the Galician population: results of
the pilot Spanish EPIRCE study. Kidney Int Suppl 2005,
99:S16-S19.
Verhave JC, Gansevoort RT, Hillege HL, Bakker SJ, de Zeeuw D, de
Jong PE: An elevated urinary albumin excretion predicts de
novo development of renal function impairment in the general population. Kidney Int Suppl 2004, 92:S18-S21.
Viktorsdottir O, Palsson R, Andresdottir MB, Aspelund T, Gudnason
V, Indridason OS: Prevalence of chronic kidney disease based
on estimated glomerular filtration rate and proteinuria in
Icelandic adults. Nephrol Dial Transplant 2005, 20:1799-1807.
Wasen E, Isoaho R, Mattila K, Vahlberg T, Kivela SL, Irjala K: Estimation of glomerular filtration rate in the elderly: a comparison
of creatinine-based formulae with serum cystatin C. J Intern
Med 2004, 256:70-78.
Chadban SJ, Briganti EM, Kerr PG, Dunstan DW, Welborn TA, Zimmet PZ, Atkins RC: Prevalence of kidney damage in Australian
adults: The AusDiab kidney study. J Am Soc Nephrol 2003,
14:S131-S138.
Chen J, Wildman RP, Gu D, Kusek JW, Spruill M, Reynolds K, Liu D,
Hamm LL, Whelton PK, He J: Prevalence of decreased kidney
function in Chinese adults aged 35 to 74 years. Kidney Int 2005,
68:2837-2845.
Domrongkitchaiporn S, Sritara P, Kitiyakara C, Stitchantrakul W,
Krittaphol V, Lolekha P, Cheepudomwit S, Yipintsoi T: Risk factors
for development of decreased kidney function in a southeast
Asian population: a 12-year cohort study. J Am Soc Nephrol
2005, 16:791-799.
Konta T, Hao Z, Abiko H, Ishikawa M, Takahashi T, Ikeda A, Ichikawa
K, Takasaki S, Kubota I: Prevalence and risk factor analysis of
microalbuminuria in Japanese general population: the Takahata study. Kidney Int 2006, 70:751-756.
Li ZY, Xu GB, Xia TA, Wang HY: Prevalence of chronic kidney
disease in a middle and old-aged population of Beijing. Clin
Chim Acta 2006, 366:209-215.
McDonald SP, Maguire GP, Hoy WE: Renal function and cardiovascular risk markers in a remote Australian Aboriginal
community. Nephrol Dial Transplant 2003, 18:1555-1561.
Ninomiya T, Kiyohara Y, Kubo M, Tanizaki Y, Doi Y, Okubo K, Wakugawa Y, Hata J, Oishi Y, Shikata K, Yonemoto K, Hirakata H, Iida M:
Chronic kidney disease and cardiovascular disease in a general Japanese population: the Hisayama Study. Kidney Int 2005,
68:228-236.
Shankar A, Klein R, Klein BE: The association among smoking,
heavy drinking, and chronic kidney disease. Am J Epidemiol
2006, 164:263-271.
Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, Van LF,
Levey AS: Prevalence of chronic kidney disease in the United
States. JAMA 2007, 298:2038-2047.
Gilbertson DT, Liu J, Xue JL, Louis TA, Solid CA, Ebben JP, Collins AJ:
Projecting the number of patients with end-stage renal disease in the United States to the year 2015. J Am Soc Nephrol
2005, 16:3736-3741.
Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH: Longitudinal follow-up and outcomes among a population with
chronic kidney disease in a large managed care organization.
Arch Intern Med 2004, 164:659-663.

Page 12 of 13
(page number not for citation purposes)

BMC Public Health 2008, 8:117

47.
48.
49.

50.

51.
52.
53.

54.
55.
56.
57.
58.
59.

60.
61.

62.

63.

64.

65.
66.

67.

Lamb EJ, Tomson CR, Roderick PJ: Estimating kidney function in
adults using formulae. Ann Clin Biochem 2005, 42:321-345.
Lin J, Knight EL, Hogan ML, Singh AK: A comparison of prediction
equations for estimating glomerular filtration rate in adults
without kidney disease. J Am Soc Nephrol 2003, 14:2573-2580.
Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S,
Kusek JW, Van LF: Using standardized serum creatinine values
in the modification of diet in renal disease study equation for
estimating glomerular filtration rate. Ann Intern Med 2006,
145:247-254.
Vervoort G, Willems HL, Wetzels JF: Assessment of glomerular
filtration rate in healthy subjects and normoalbuminuric diabetic patients: validity of a new (MDRD) prediction equation.
Nephrol Dial Transplant 2002, 17:1909-1913.
Rule AD, Gussak HM, Pond GR, Bergstralh EJ, Stegall MD, Cosio FG,
Larson TS: Measured and estimated GFR in healthy potential
kidney donors. Am J Kidney Dis 2004, 43:112-119.
Coresh J, Stevens LA: Kidney function estimating equations:
where do we stand?
Curr Opin Nephrol Hypertens 2006,
15:276-284.
Uhlig K, MacLeod A, Craig J, Lau J, Levey AS, Levin A, Moist L, Steinberg E, Walker R, Wanner C, Lameire N, Eknoyan G: Grading evidence and recommendations for clinical practice guidelines
in nephrology. A position statement from Kidney Disease:
Improving Global Outcomes (KDIGO). Kidney Int 2006,
70:2058-2065.
Price CP, Finney H: Developments in the assessment of
glomerular filtration rate. Clin Chim Acta 2000, 297:55-66.
Lamb EJ, O'Riordan SE, Delaney MP: Kidney function in older people: pathology, assessment and management. Clin Chim Acta
2003, 334:25-40.
Swedko PJ, Clark HD, Paramsothy K, Akbari A: Serum creatinine
is an inadequate screening test for renal failure in elderly
patients. Arch Intern Med 2003, 163:356-360.
Heymsfield SB, Arteaga C, McManus C, Smith J, Moffitt S: Measurement of muscle mass in humans: validity of the 24-hour urinary creatinine method. Am J Clin Nutr 1983, 37:478-494.
Silbiger SR, Neugarten J: The role of gender in the progression
of renal disease. Adv Ren Replace Ther 2003, 10:3-14.
U.S. Renal Data System, USRDS 2004 Annual Data Report: Atlas of
End-Stage Renal Disease in the United States, National Institutes of Health, National Institute of Diabetes and Digestive
and Kidney Diseases. Bethesda, MD; 2004.
Li S, McAlpine DD, Liu J, Li S, Collins AJ: Differences between
blacks and whites in the incidence of end-stage renal disease
and associated risk factors. Adv Ren Replace Ther 2004, 11:5-13.
Lopes AA, Port FK: The low birth weight hypothesis as a plausible explanation for the black/white differences in hypertension, non-insulin-dependent diabetes, and end-stage renal
disease. Am J Kidney Dis 1995, 25:350-356.
Lackland DT, Bendall HE, Osmond C, Egan BM, Barker DJ: Low birth
weights contribute to high rates of early-onset chronic renal
failure in the Southeastern United States. Arch Intern Med
2000, 160:1472-1476.
Hsu CY, Lin F, Vittinghoff E, Shlipak MG: Racial differences in the
progression from chronic renal insufficiency to end-stage
renal disease in the United States. J Am Soc Nephrol 2003,
14:2902-2907.
Stevens LA, Coresh J, Feldman HI, Greene T, Lash JP, Nelson RG,
Rahman M, Deysher AE, Zhang YL, Schmid CH, Levey AS: Evaluation of the modification of diet in renal disease study equation in a large diverse population. J Am Soc Nephrol 2007,
18:2749-2757.
Zuo L, Ma YC, Zhou YH, Wang M, Xu GB, Wang HY: Application
of GFR-estimating equations in Chinese patients with
chronic kidney disease. Am J Kidney Dis 2005, 45:463-472.
Imai E, Horio M, Nitta K, Yamagata K, Iseki K, Tsukamoto Y, Ito S,
Makino H, Hishida A, Matsuo S: Modification of the Modification
of Diet in Renal Disease (MDRD) Study equation for Japan.
Am J Kidney Dis 2007, 50:927-937.
Imai E, Horio M, Nitta K, Yamagata K, Iseki K, Hara S, Ura N, Kiyohara Y, Hirakata H, Watanabe T, Moriyama T, Ando Y, Inaguma D,
Narita I, Iso H, Wakai K, Yasuda Y, Tsukamoto Y, Ito S, Makino H,
Hishida A, Matsuo S: Estimation of glomerular filtration rate by
the MDRD study equation modified for Japanese patients
with chronic kidney disease. Clin Exp Nephrol 2007, 11:41-50.

http://www.biomedcentral.com/1471-2458/8/117

68.

69.

70.
71.

72.

73.
74.

Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, Xu JS, Huang SM, Wang
LN, Huang W, Wang M, Xu GB, Wang HY: Modified glomerular
filtration rate estimating equation for Chinese patients with
chronic kidney disease. J Am Soc Nephrol 2006, 17:2937-2944.
Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, Xu JS, Huang SM, Wang
LN, Huang W, Wang M, Xu GB, Wang HY: Improved GFR estimation by combined creatinine and cystatin C measurements.
Kidney Int 2007, 72:1535-1542.
Dharnidharka VR, Kwon C, Stevens G: Serum cystatin C is superior to serum creatinine as a marker of kidney function: a
meta-analysis. Am J Kidney Dis 2002, 40:221-226.
Hoek FJ, Kemperman FA, Krediet RT: A comparison between
cystatin C, plasma creatinine and the Cockcroft and Gault
formula for the estimation of glomerular filtration rate.
Nephrol Dial Transplant 2003, 18:2024-2031.
White C, Akbari A, Hussain N, Dinh L, Filler G, Lepage N, Knoll GA:
Estimating glomerular filtration rate in kidney transplantation: a comparison between serum creatinine and cystatin
C-based methods. J Am Soc Nephrol 2005, 16:3763-3770.
Rule AD, Bergstralh EJ, Slezak JM, Bergert J, Larson TS: Glomerular
filtration rate estimated by cystatin C among different clinical presentations. Kidney Int 2006, 69:399-405.
Levey AS, Atkins R, Coresh J, Cohen EP, Collins AJ, Eckardt KU,
Nahas ME, Jaber BL, Jadoul M, Levin A, Powe NR, Rossert J, Wheeler
DC, Lameire N, Eknoyan G: Chronic kidney disease as a global
public health problem: approaches and initiatives – a position statement from Kidney Disease Improving Global Outcomes. Kidney Int 2007, 72:247-259.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/8/117/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 13 of 13
(page number not for citation purposes)

