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Abstract

Background

Chronic kidney disease (CKD) is a probably underrated public health problem in Sub-Saha-
ran-Africa, in particular in combination with HIV-infection. Knowledge about the CKD preva-
lence is scarce and in the available literature different methods to classify CKD are used
impeding comparison and general prevalence estimates.

Methods

This study assessed different serum-creatinine based equations for glomerular filtration
rates (eGFR) and compared them to a cystatin C based equation. The study was conducted
in Lilongwe, Malawi enrolling a population of 363 adults of which 32% were HIV-positive.

Results

Comparison of formulae based on Bland-Altman-plots and accuracy revealed best perfor-
mance for the CKD-EPI equation without the correction factor for black Americans. Analyz-
ing the differences between HIV-positive and —negative individuals CKD-EPI systematically
overestimated eGFR in comparison to cystatin C and therefore lead to underestimation of
CKD in HIV-positives.

Conclusions

Our findings underline the importance for standardization of eGFR calculation in a Sub-
Saharan African setting, to further investigate the differences with regard to HIV status and
to develop potential correction factors as established for age and sex.
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their adherence to PLOS ONE policies on sharing
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Introduction

Chronic kidney disease (CKD) constitutes a leading cause of morbidity and mortality in high
income countries and is increasingly recognized as important for low and middle income coun-
tries (LMICs). [1,2] The impact in LMIC:s is aggravated by the combination of increasing non-
communicable diseases (NCDs) with the continuing burden of infectious diseases and limited
access to health care services. [3-5] However, knowledge about the prevalence of CKD in sub-
Saharan-Africa (SSA) still remains limited. Reliable data sources on morbidity and mortality
such as death registers are not available. [6,7] Estimates suggest about 200-300 per million peo-
ple are living with CKD in SSA. [8]

The few published studies show a large variation of CKD prevalence ranging from 4.7% in
HIV-negatives in Uganda [9] up to 33.5% in HIV-positives in Zambia. [10] When defining
CKD by proteinuria or eGFR <60ml/min/1.73 m?, a recently published systematic review
reported an average prevalence of CKD in SSA of 13.9%. [11] A study conducted in Kinshasa,
DRC, found 12.4% prevalence of CKD estimated by the MDRD-equation. Hypertension and
age were independently associated with CKD stage 3 and hypertension also with proteinuria.
[12] As HIV still constitutes a major public health problem in SSA and can itself cause
nephropathy, there is more data about CKD in HIV-positive than HIV-negative individuals.
[13-15] Reported large variations in prevalence of CKD in SSA may result from different
thresholds used for the definition of CKD, differences in study design, or non-comparability of
the equations and laboratory methods applied to estimate renal function. [16]

The increasing relevance of chronic non-communicable diseases in regions like SSA empha-
sizes the need to establish appropriate and well validated methods to assess renal function.
Guidelines developed by the American Kidney Foundation promote the use of creatinine based
equations to estimate the glomerular filtration rate (GFR), [17] such as the Cockcroft-Gault-
formula, [18] and the MDRD-4, [19] and in 2012, the Kidney Diseases Improving Global Out-
comes (KDIGO) organization [20] recommended the use of the CKD-EPI-formula. [21] Creat-
inine-based equations are preferred as the serum creatinine determination is a simple, non-
expensive, internationally standardized test. [22] Nonetheless, these equations have originally
been developed and evaluated in Northern American patient cohorts with mild CKD and
therefore might not simply be applicable to SSA cohorts. [21]

Serum creatinine depends on various factors such as sex, age, muscle mass, nutrition and
physical activity, [21] some of which are linked to socioeconomic status. Therefore, a noncriti-
cal application of these formulae in low and middle income countries appears questionable.
Levey et al. found significant differences in the serum creatinine levels of self-defined white
and black Americans, which were not related to the measured eGFR. Hence, to adjust the
eGEFR for these differences in serum creatinine, Levey et al. established a correction factor for
black Americans for the MDRD and CKD-EPI GFR estimation formulas. [19,21] However, the
differences attributed to “black American” could be confounded by the socioeconomic class
factors in the US or epi-genetic adaptations due to the history of slavery in the US. [23-25] A
study conducted in Ghana showed that GFR calculated from 24 hour urine collection was best
comparable to eGFR either by MDRD-4 or CKD-EPI omitting the factor for black Americans.
[26] In many studies previously conducted in SSA it is not evident whether this factor, which is
often incorrectly referred to as a correction factor for black skin colour, was applied or not.

Another approach to estimate kidney function is using cystatin C based equations. Cystatin
Cis produced at a relatively constant rate, and is not significantly influenced by inflammatory
processes. [27] Cystatin C depends less on body characteristics such as muscle mass and is sug-
gested to better estimate the GFR compared to serum creatinine based equations, even in HIV
positives. Various studies show a stronger correlation of gold-standard GFR and serum cystatin
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C estimated GFR compared to serum creatinine estimated GFR, especially in HIV-positives.
[28,29] Nevertheless in the foreseeable future Cystatin C estimates will not be available in most
of the SSA laboratories. Reliable estimates of CKD prevalence in SSA regions in order to guide
treatment and prevention strategies will require the development of a standardized, possibly
creatinine-based GFR-estimation formula. We used data of HIV-positive adults not on antire-
troviral treatment and HIV-negative adults as part of a study at a HIV-testing centre in central
Malawi to validate the performance of various creatinine-based estimating equations of GFR in
comparison to a cystatin C formula.

Methods
Study design and study population

Between the 24™ of January 2012 and the 29" of March 2012 a cross-sectional survey was
conducted to analyse the prevalence of renal impairment in the study population and to assess
and compare the diagnostic validity of the different GFR estimation formulae. All individuals
over 18 years of age and ART-naive, coming to the HIV counselling and testing centre at the
Lighthouse Clinic in Lilongwe, Malawi were invited to participate in the study. No other
exclusion criteria applied. This large HIV clinic serves a mainly urban catchment population of
altogether 1,9 million people. [30] Following informed consent, a standardized questionnaire
about age, gender, possible pregnancy, current symptoms, medical and family history was
administered. Body height and weight were taken in a standardized way and blood pressure
was measured using the same calibrated standard automatic blood pressure device (Omron,
Germany) on the free right arm at heart level after at least 10 minutes of sitting with the back at
the backrest of the chair.

Laboratory measurements

Assessment of renal function. Following venous blood draw and centrifugation an aliquot
of serum was frozen at -80° Celsius and shipped to Germany (dry ice). Serum creatinine and
cystatin C were analysed at University of Heidelberg. Serum creatinine was determined with a
photometric measurement and traceable to an isotope dilution mass spectrometry (IDMS) ref-
erence measurement procedure, [22] according to standards. Cystatin C was determined by a
turbidimetric method (ADVIA 2400 Siemens Healthcare Diagnostics). Laboratory staff was
blinded for underlying diseases, HIV status and patient background.

We used cystatin C as a reference to detect a serum creatinine based equation closest to
cystatin C to allow reliable future creatinine based GFR estimation in resource limited settings.
Creatinine-based eGFR was calculated using the Cockcroft-Gault, [18] the MDRD-4 [19,31]
and the CKD-EPI [21] equations. Cystatin C based eGFR was calculated using the formula by
van Deventer et al. [32] developed in a comparable cohort in South Africa and verified by the
CKD-EPI equations for cystatin C. [33] Table 1 gives lists all formulae used. The accordance of
the GFR estimated by creatinine formulae with the cystatin C based values was checked using
Bland-Altman-Plots.

In a first step we compared each creatinine based eGFR to the eGFR derived from cystatin C
(formula according to van Deventer), and their performance regarding HIV status. In a second
step we compared the performance of the creatinine based eGFR formulae among each other,
with and without considering the factor for black Americans.
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Statistical analysis

Data analysis was done in STATA 10 and SAS 9.3. Significance in the differences between
HIV-positive and—negative cohorts were tested using appropriate tests according to the
underlying distribution. Agreement between different measurement techniques was assessed
by Bland-Altman-Plots. [34-36] Bland-Altman graphs were created by plotting the means (x-
axes) of two GFR estimation methods against their differences (y-axes). We applied linear
regression models to obtain the mean differences and the limits of agreement in presence of
heteroscedasticity, as suggested in [35]. In presence of strong non-linearity and differences in
the distribution shapes we used quantile regression. [37-39] Plots were grouped according to
HIV status. In case of visible differences between HIV- negatives and-positives the mean dif-
ferences and the limits of agreement were presented separately. Additional analyses were per-
formed to assess the formulae by calculating the absolute and relative bias, the precision, and
the accuracy. Firstly, to determine the central distance between two formulae we calculated
the overall mean differences (absolute bias) between the estimated GFRs to be compared.

The reference eGFR was interpreted to be overestimated by the predicting eGFR if values
were < 0, and underestimated if values were > 0. Secondly, we calculated the precision, which
is the standard error of the mean differences. Thirdly, we calculated the relative bias which is
the division of the mean differences between the two estimates by the reference eGFR value.
Fourthly, accuracy between two methods was shown by the proportion of values obtained
with method A of those estimated by method B within a margin of 10%, and 30% respectively.
Finally we assessed the resulting differences in staging of patients to a level of CKD when
applying different formulae.

Table 1. Evaluations used for estimation of GFR.

Creatinine-based equations:
Cockcroft-Gault: [18] eGFR = (140-age) x mass [in kg] x 0.85 [if female] / 72 x SCr
MDRD-4: [31] eGFR = 175 x SCr"'%* x age™®2°® x 1.212 [if black] x 0.742 [if female]

CKD-EPI: [21]

Black American
Female <0.7 mg/dL: eGFR = 166 x (SCr/0.7)°-32° x (0.993)2%®
>0.7 mg/dL: eGFR = 166 x (SCr/0.7) 2% x (0.993)3%°
Male <0.9 mg/dL: eGFR = 163 x (SCr/0.9) 4" x (0.993)2%°
>0.9 mg/dL: eGFR = 163 x (SCr/0.9) ~'-2%° x (0.993)3%°

White or other
Female <0.7 mg/dL: eGFR = 144 x (SCr/0.7) °-32° x (0.993)3%°
>0.7 mg/dL: eGFR = 144 x (SCr/0.7) ~2°%° x (0.993)3%°
Male <0.9 mg/dL: eGFR = 141 x (SCr/0.9) 4" x (0.993)3%°
>0.9 mg/dL: eGFR = 141 x (SCr/0.9) "'2%° x (0.993)3%®

Cystatin C based equations:
Van Deventer: [32] eGFR = 10?35 x 10(SCYsC [mglL] x -0.33) y 1((-0.003 x age)
CKD-EPI: [33]
Without correction factors: eGFR = 76.7 x SCysC ™ 1°
With correction factors: eGFR = 127.7 x SCysC™"'” x age™®'® x 0.91 [if female] x 1.06 [if black]

Creatinine was measured in mg/dl and IDMS traceable, cystatin C was measured by a turbidimetric method
in mg/l; weight measured in kg, age measured in years. Abbreviations: SCr = serum creatinine,
SCysC = serum cystatin C

doi:10.1371/journal.pone.0130453.1001
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Ethics Statement

Participants provided consent in written form or by fingerprint. The study protocol and the
consent procedure received ethical clearance by the ethical committee of Heidelberg University
and the National Health Sciences Research Committee of Malawi.

Results

Out of 381 clients approached to participate in the study, 366 consented (95%) and data from
363 participants (48% female) were included in the final analysis. Reasons for the exclusion of
three participants were previous ART and two missing samples.

116 (32%) participants were HIV-positive and 247 were HIV-negative (68%) (details see
Table 2). Mean BMI between HIV-positives and-negatives differed significantly. Three had
previously been diagnosed with kidney disease: two could not specify the disease, the other one
reported glomerulonephritis.

The performance of the various GFR estimation formulae was assessed by comparing the
different creatinine based equations with the cystatin C based equation by van Deventer et al.
[32] in Bland Altman plots. [40]

Figs 1-3 present the comparisons of the different creatinine equations with the cystatin C
equation (van Deventer) without the correction factor for black Americans. All comparisons
show an increasing agreement with increasing mean eGFR for HIV negatives (narrowing limits
of agreement). All comparisons show differences with respect to HIV status; hence, the creati-
nine based eGFR of HIV positives seems to be higher in general. For cystatin C vs. CKD-EP],
the mean differences regression line remains closest to zero over the entire range for HIV-nega-
tives, indicating almost no trend in the bias, while for cystatin C vs. MDRD-4 and cystatin C
vs. Cockcroft-Gault, the course of the regression line has a strong tendency. The Cockeroft-
Gault formula shows the smallest mean differences between HIV-positives and-negatives, most
likely because it controls for body weight. Altogether, cystatin C vs. CKD-EPI is least biased for
both HIV negatives and positives and has the tightest limits of agreement. A sensitivity analysis

Table 2. Characteristics of included individuals.

Overall: Median (IQR) or n (% of HIV+ (% in each HIV—(% in each p-value
total) category) category)
Age 31 (26-39) 32 (27-37.5) 31 (25-41) 0.812
Sex women 174 (48%) 57 (49%) 117 (47%) 0.75°
men 189 (52%) 59 (51%) 130 (53%)
BMI 22.0 (20.2-24.8) 20.8 (19.0-22.9) 22.6 (20.9-26.2) <0.0012
History of diabetes Earlier 15 (4%) 0 (0%) 16 (6.5%) 0.005°
mellitus diagnosed
newly diagnosed 1 (0.03%)
History of tuberculosis 17 (5%) 6 (5%) 11 (4%) 0.835°
History of kidney disease in the past 3 (1%) 0 (0%) 3 (1%) 0.565°
BP > 140 systolic or > 90 diastolic 49 (14%) 9 (8%) 40 (16%) 0.028°
Serum creatinine 0.73 mg/dl (0.63-0.85) 0.69 mg/dl (0.59-0.83) 0.74 mg/dl (0.64—0.85) 0.212
Serum cystatin C 0.78 mg/I (0.7-0.89) 0.87 mg/l (0.78-0.98) 0.75 mg/l (0.67-0.84) <0.0012
CKD stage 3+ CKD-EPI 7 (1.9%) 2 (1.7%) 5 (2.0%) 0.85°
Cystatin C 11 (3.0%) 5 (4.3%) 6 (2.4%) 0.33°
@ t-test
b y2test
doi:10.1371/journal.pone.0130453.t002
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Fig 1. Cystatin C (van Deventer) vs. Cockcroft-Gault. The coloured lines represent the mean differences
of the two equations to be compared at every point of the mean of the estimated GFRs, by HIV status; the
coloured shaded areas mark the limits of agreement, which are mean- differences plus or minus two
standard-deviations. Assuming a normal distribution, 95% of the dots are expected to appear within the limits
of agreement. [40] Closer margins reflect a higher agreement of the different methods.

doi:10.1371/journal.pone.0130453.g001

using the cystatin C based equation evaluated by CKD-EPI showed similar results as the Cysta-
tin C formula by Deventer et al., CKD-EPI creatinine still performed best compared to Cock-
croft-Gault and MDRD-4 (see supplementary figures in S1, S2, S3, S4, S5, and S6 Figs).
However, the variation was increased in general.

Directly comparing the CKD-EPI and the MDRD-4 formula without the factor for black
Americans shows completely different performance at higher mean eGFR, although values at
lower levels are rather similar. Further, a difference between HIV-positives and-negatives can-
not be recognised here (Fig 4).

Applying the factor for black Americans in the creatinine based formulae yielded a similar
distribution pattern compared to the plot of CKD-EPI without the factor for black Americans,
but witha stronger bias tendency. For MDRD-4 with factor for black Americans the mean also

eGF qu"" & Do minus eGFR,_... [miimin]

T T
50 100 150

average of eGFR, and eGFR, .., [mlimin]

‘Cystates C (Devantar)
HIV infected no o yes

Fig 2. Cystatin C (van Deventer) vs. MDRD-4 (without factor for black Americans).
doi:10.1371/journal.pone.0130453.g002
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Fig 3. Cystatin C (van Deventer) vs. CKD-EPI (without factor for black Americans).
doi:10.1371/journal.pone.0130453.g003

shifted towards lower values, mostly < 0, compared to MDRD-4 without this adjustment factor
(Figs 5 and 6).

To explore whether the difference between formulae with and without factor for black
Americans was confounded by the cystatin C equation calculated by van Deventer et al. in
black South-Africans, we compared CKD-EPI with and without the factor with the CKD-EPI
cystatin C equation by Stevens et al., which has been developed based on results of different
pooled cohorts with GFR measured by iothalamate. [20,33] Both figures show similar distribu-
tion pattern, with mean differences shifted towards lower numbers for both HIV-negatives
and-positives in case the factor is considered (see Figs 7 and 8).

By numerical assessment CKD-EPI, Cockcroft-Gault and MDRD-4 showed a similar overall
absolute bias with a larger bias for HIV-positives (Table 3). Comparing Cockcroft-Gault with
MDRD-4 or CKD-EPI, respectively, the overall bias was small but of different direction in
HIV-positives and-negatives. Comparing against formulae with factor for black Americans
yielded the worst bias.

eGFR, ep, Minus eGFRcmEm [milfmin]
=
1

T T T
o 50 100 150 200
average of eGFR, and eGFR, [milfmin)

MORD4 CKOE

HIV infected no © yes|

Fig 4. MDRD-4 (without factor for black Americans) vs. CKD-EPI (without factor for black Americans).
doi:10.1371/journal.pone.0130453.9g004
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Fig 5. Cystatin C (van Deventer) versus MDRD4 with factor for black Americans.

doi:10.1371/journal.pone.0130453.g005

Referencing to cystatin C, the precision (standard error of the mean) showed best results for
CKD-EPI (see Table 3); higher values for MDRD-4 and Cockcroft-Gault indicate greater vari-
ability of those methods in comparison to cystatin C, even though the absolute bias slightly
differs. The magnitude of the relative bias was always close to the absolute bias. The supple-
mentary table in S1 Table shows the results when referencing to one of the CKD-EPI cystatin C
equations. Again, CKD-EPI shows the lowest variability.

We counted all GFR values obtained with formula A lying within a range of plus/minus
30% of the corresponding value of formula B. Accuracy with reference to cystatin C was highest
for CKD-EPI (Table 4). However, differences between the HIV groups of HIV-negative and-
positive were large. Best of all performed MDRD-4 versus CKD-EPI. Applying the factor for
black Americans resulted in lower accuracy. Limiting the agreement range to 10% drastically
decreased accuracy (see Table 4 and supplementary material in S2 Table).

The resulting differences in classification agreement of CKD stages when comparing two
formulae are shown in Table 5 (see additional material in S3 Table), using stage 3 respectively

140
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T
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HIV infected no_ & yes

Fig 6. Cystatin C (van Deventer) versus CKD-EPI with factor for black Americans.

doi:10.1371/journal.pone.0130453.9g006
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Fig 7. CKD-EPI-Cystatin-C versus CKD-EPI with factor for black Americans.

doi:10.1371/journal.pone.0130453.g007

stage 2 as cut off. Regarding stage 3 and above, creatinine based CKD-EPI yields a prevalence
of 1.9% (7 cases; not visible in the table), and cystatin C (van Deventer) of 3% (11 cases), for
instance. However, altogether 8 cases were classified differentially by both methods. With CKD
stage 2 as cut off, CKD-EPI yields a prevalence of 9.6% (35 cases; not visible in the table), and
cystatin C a prevalence of 27.8% (101 cases), with around 20% of the persons classified stage 2
or higher by cystatin C but not by CKD-EPI at the same time.

Discussion

In this study we validate different creatinine based equations for GFR in 363 Malawian adults,
comprising HIV-negative and-positive individuals, in comparison with the cystatin C based
equation (van Deventer). It further highlights the eGFR differences in HIV-positive and-nega-
tive individuals in a SSA-country and scrutinizes the use of a correction factor designed for
black Americans. The CKD-EPI creatinine based formula turned out to currently best assess
eGFR in our setting, although the obtained CKD classification results still entail uncertainties.

150 -

EGFR e cpuain e MINUS €GFR . [miimin]

2 b
o o
L1

50
average of eGFR"

* #GFR according to the specific CKDEp| equation; eGFR 787« Cysc" ™

CKDEpi-Cyatalin ©
HIV infected ne es

T
100 150

and eGFRq, [miimin]

Fig 8. CKD-EPI-Cystatin-C versus CKD-EPI without factor for black Americans.

doi:10.1371/journal.pone.0130453.g008
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Table 3. Absolute bias (mean differences) and precision (standard error of the mean differences), and relative bias of two formulas to be

compared.

absolute bias (precision), relative bias

Cystatin C vs
Cystatin C vs
Cystatin C vs
Cystatin C vs
Cystatin C vs

CKD-EPI cystatin C* vs. CKD-EPI modified*

. CKD-EPI

. MDRD4

. Cockceroft-Gault

. CKD-EPI modified*
. MDRD4 modified*

CKD-EPI cystatin C? vs. CKD-EPI
Cockcroft-Gault vs. MDRD4
Cockcroft-Gault vs. CKD-EPI
MDRD4 vs. CKD-EPI

* with factor for black Americans

@ CKD-EPI equation: eGFR = 76.7 x CystC™'°

doi:10.1371/journal.pone.0130453.t003

Table 4. 30% and 10% accuracy.

Overall (N = 363)

-17.0 (0.7), 17.6%
-14.3 (1.2), 14.8%
-18.7 (1.3), 19.4%
-34.5 (0.8), 35.8%
-37.5 (1.5), 39.0%
-28.1 (1.1), 27.3%
-10.6 (1.1), 10.3%
4.4 (1.3), -3.8%

1.7 (1.2), -1.5%

2.7 (0.7), 2.4%

HIV- (N = 247)
-13.7 (0.8), 13.8%
-10.1 (1.4), 10.3%
-18.4 (1.7), 18.6%
-31.1 (0.9), 31.4%
-33.1 (1.7), 33.4%
-22.0 (1.3), 20.3%
-4.5(1.3), 4.2%
8.2 (1.6), -7.0%
4.7 (1.5), -4.0%
-3.5(0.9), 3.2%

HIV+ (N = 116)
-24.1 (1.1), 26.5%
-23.1 (2.1), 25.5%
-19.4 (2.1), 21.4%
-41.8 (1.3), 46.0%
-47.1 (2.6), 51.8%
-41.3 (1.6), 45.2%
-23.5 (1.5), 25.7%
-3.7 (2.0), -3.4%
-4.6 (1.8), 4.2%
-0.9 (1.3), 0.8%

When referencing to any CKD-EPI cystatin C equation in a sensitivity analysis, CKD-EPI cre-
atinine also performed best. The validation showed considerable differences in performance/
accuracy of the equations depending on the HIV status. In HIV-positives CKD-EPI eGFR val-
ues are systematically overestimated in relation to cystatin C. Introducing the adjustment fac-
tor for black Americans in the creatinine based formulae further overestimates GFR. Despite

some remaining uncertainties, we therefore recommend using the creatinine based CKD-EPI
formula without the factor for black Americans, in SSA contexts. Further research should
investigate the reasons behind the differences in HIV-negatives and-positives and identify

adjustment variables such as BMI.

With regard to HIV-positive individuals the importance of renal dysfunction and HIV
related morbidity and mortality has been highlighted in the EuroSIDA cohort and will become
increasingly important for HIV patients in Africa, where renal impairment is not routinely
diagnosed. [41]

GEFR estimation is essential to assess the burden of CKD in a population. Data from Malawi
itself is scarce: There is only one study with 526 ART-naive HIV-positives using the Cockcroft-
Gault-formula to investigate severe renal impairment. [42] In contrast, our study for the first
time systematically assesses the performance of different eGFR formulae and also includes a
group of HIV-negative Malawian adults, even though it may not be a representative sample of

the general adult Malawian population.

30% accuracy

10% accuracy

%of estimates A within %range of B all HIV- HIV+ all HIV- HIV+
CKD-EPI vs. cystatin C 81% 92% 59% 24% 29% 12%
MDRD4 vs. cystatin C 76% 83% 60% 33% 38% 22%
Cockcroft-Gault vs. cystatin C 69% 69% 71% 28% 31% 21%
MDRD4 vs. CKD-EPI 99% 99% 99% 51% 49% 53%
Cystatin C vs. CKD-EPI modified* 67% 78% 43% 6% 8% 2%

* with factor for black Americans

doi:10.1371/journal.pone.0130453.1004
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Table 5. Discrepancies in staging results, cut off stage 3 and 2.

Discrepant results CKD stage 3 A versus
B

CKD-EPI vs. cystatin C

MDRD4 vs. cystatin C
Cockcroft-Gault vs. cystatin C
CKD-EPI modified* vs. cystatin C

Discrepant results CKD stage 2 A versus
B

CKD-EPI vs cystatin C

MDRD4 vs cystatin C
Cockcroft-Gault vs cystatin C
CKD-EPI modified* vs. cystatin C

* with factor for black Americans

doi:10.1371/journal.pone.0130453.1005

Same CKD stages splitting > 3 and < 3
(%)

355 (97.8)

354 (97.5)

355 (97.8)

355 (97.8)

Same CKD stages splitting > 2 and < 2
(%)

285 (78.5)
285 (78.5)
281 (77.4)
279 (76.9)

CKD stage > 3: A, not B
(%)

6 (1.7)

4 (1.1)

4 (1.1)

1(0.3)

CKD stage > 2: A, not B
(%)

6 (1.7)

23 (6.3)

22 (6.1)

1(0.3)

CKD stage > 3: B, not A
(%)

2 (5.5)

5 (1.4)

4(1.1)

7(1.9)

CKD stage > 2: B, not A
(%)

72 (19.8)

55 (15.2)

60 (16.5)

83 (22.)

Comparison of creatinine based equations to cystatin C estimated GFR

The CKD-EPI-formula showed the best performance at all levels of eGFR compared to the
cystatin C (van Deventer) reference values in HIV-negatives, with acceptable limits of agree-
ment, and almost no tendency regarding the bias of the mean differences of the eGFRs. How-
ever, differences in the bias result in different CKD stage classifications, which is especially
important in the transition from CKD stage 2 to 3. Considering mean eGFR values lower 60,

which corresponds to CKD stage 3 and higher, MDRD-4 and Cockcroft-Gault visually seem to
overestimate CKD in comparison to cystatin C, whereas at higher eGFR both formulae under-
estimate CKD. This is consistent with the discrepant classification results for CKD stage 2 and
higher. These results concur with studies that found the CKD-EPI equation more accurate
than the MDRD-4-equation overall and across most subgroups especially in eGFR-levels > 60
ml/min/1.73m?. [43,44]

The overall absolute bias of CKD-EPI versus cystatin C was similar compared to MDRD-4.
However, the absolute bias is only an overall measure, not considering any trends or differences
in various eGFR categories and levels. CKD-EPI precision against cystatin C was closest to
zero, compared to MDRD-4 and Cockcroft-Gault and therefore suggesting a better fit. In
addition, 30% accuracy of CKD-EPI to Cystatin C was relatively high for HIV-negatives. In
summary, although established in a cohort living in a high-income country with different con-
ditions of life, and a low prevalence of impaired renal function, the creatinine based CKD-EPI
formula seems to yield results closest to the assumed GFR values, represented here by cystatin
C (van Deventer). The fact that the level of agreement remained similar between CKD-EPI and
a second cystatin C formula (CKD-EPI cystatin C) underpins the statement that the creatinine
based CKD-EPI formula without the factor for black Americans is a useful initial marker to
estimate GFR in HIV-negatives, as suggested by others. [26,45]

The clinically relevant classification into CKD stages > 3 differs, depending on which for-
mula is applied, but only in a few cases as the overall number of CKD cases was small. Hence,
the same calculation was repeated with stage 2 as cut off point. Here, cystatin C is stricter in
classifying CKD stages, compared to the others, which is in line with the on average higher
eGFR values achieved by CKD-EPL. Following the Bland-Altman plots, it can be assumed, that
a large portion of cases classified as CKD by cystatin C but not by CKD-EPI are HIV positives.

PLOS ONE | DOI:10.1371/journal.pone.0130453 June 17,2015
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The results of other studies which showed that the CKD-EPI equation classified fewer indi-
viduals having CKD and better categorized mortality-risks and end stage renal disease (ESRD)
probability than the MDRD-equation back these findings. [46]

Different performances in GFR estimation regarding HIV status

In our study the distribution of age and sex were comparable between HIV-positives and nega-
tives and therefore age should not influence any differences between the groups. However,
there was a significant and expected difference in BMI between HIV positive and HIV negative
participants. For CKD-EPI the mean differences regression line of HIV-positives is always
below zero, indicating constant overestimation of creatinine based eGFR. For all other equa-
tions the mean differences regression lines depend on the level of eGFR. However, the smallest
distance between the mean differences regression lines of the HIV-positives and-negatives is
observable between cystatin C based equations and Cockcroft-Gault. This finding results most
likely on the one hand from cystatin C being almost independent of body weight and on the
other hand from the fact that Cockcroft-Gault is the only creatinine based formula considering
body weight, and weight was significantly different between HIV-positives and-negatives. This
is further supported by median serum creatinine and cystatin C. Serum creatinine was lower in
HIV-positives compared to-negatives, which is consistent with lower BMI, but median serum
cystatin C was significantly higher in HIV-positives. Therefore, cystatin C seems to indicate a
real difference between HIV-positives and-negatives, independent of BMI, therefore directly
describing differences in kidney function. In consequence, applying creatinine based eGFR for-
mulae in HIV-positives without adjusting for BMI (or other related confounders) tends to
overestimate GFR and as a result underestimate CKD burden in this specific group. However,
since muscle mass is the important factor which influences creatinine, this could be a specific
problem when first diagnosing HIV or in end-stage HIV disease, as muscle mass may increase
substantially under antiretroviral treatment otherwise. This observation may also be relevant
for conditions other than HIV associated with low weight/BMI.

Agreement between creatinine based equations

Comparing the creatinine based formulae with each other the Bland Altman plot of MDRD-4
versus CKD-EPI is most conspicuous. Although both formulae are close in terms of absolute
bias and the precision is high (indicated by a low value), they show completely different behav-
ior in eGFR mean values above 90. The same pattern has been observed by other studies [47]
In moderate and severe CKD cases the MDRD-4 formula is more accurate than Cockcroft-
Gault, but it tends to underestimate kidney function in individuals with eGFR > 90 ml/min/
1.73m’ and therefore to over-diagnose CKD. [48] This issue has been addressed with the devel-
opment of the CKD-EPI formula in 2009 which remedies this over-diagnosis and keeps the
same accuracy in eGFR < 90 ml/min/1.73 m’. [21] Regardless of the recent formula develop-
ment, the Cockcroft-Gault formula, introduced already in 1976, is still used quite often,
although it measures creatinine clearance and does not consider the tubular secretion, hence
overestimates GFR in general. [49] From a clinical perspective despite these differences regard-
ing prediction of clinical outcomes the Cockcroft Gault and CKD-EPI formula worked equally
well in the predominantly male Euro SIDA Cohort.[50]

Application of Black American correction factors

Considering the factor for black Americans in MDRD-4 and CKD-EPI resulted in higher esti-
mated GFR-levels in general, validated by cystatin C. This might be due to the fact, that Mala-
wian people have a different diet intake and way of living compared to most black Americans
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living in the global north. The serum creatinine levels of black Americans seem to be generally
higher than those of white American people or other ethnic groups in the US. [51,52] As we
know serum creatinine levels vary with stress, hypertension etc. which might possibly be con-
founded by stress linked to direct and indirect racial pressure in the USA, [53] however, also
epi-genetic selection among black Americans may play a role. [23-25] Our findings suggest
that this correction factor should not be used for Malawians.

This is supported by other studies which found that using eGFR formulae with the factor
for black Americans leads to an overestimation of measured GFR in South Africa, [54] as well
as in Ghana. [26] Delanaye et al. stated in their review, based on multiple findings, that
although the ethnic factor leads overall to accurately estimated GFR in black Americans, it
does not seem to be applicable in African populations. [55]

Limitations of the study

Due to the cross-sectional character of our study we obtained samples for creatinine only once.
We were unable to conduct a true gold-standard investigation. Therefore, we chose cystatin C
as a reference since it is less dependent on physiological parameters. However, cystatin C has
its own limitations and also imperfectly represents the unknown real GFR. [27] Gold-standard
measuring of GFR by inulin- or iohexol-clearance, was not possible in the outpatient and
resource-constrained study setting. Using cystatin C appeared to be an acceptable alternative.
We acknowledge that we did not use the certified reference material for cystatin C that has
been developed by the International Federation of Clinical Chemistry and Laboratory Medi-
cine (IFCC) as recommended by KDIGO in 2012. [20] This had not yet been introduced at the
university laboratory performing the analysis, however, all testsfulfilled highest quality control
standards.

Our study population is not representative of the adult general population in Malawi. Since
the study participants were enrolled from a HIV testing centre we cannot preclude selection
bias in the HIV-negative group as people who were tested HIV-negative also may have been
sicker than the general population. These differences in population characteristics could have
additionally confounded serum creatinine, resulting in biased eGFR in the HIV-negatives. Fur-
thermore, the prevalence of CKD was relatively low in our study population, allowing inference
mainly at relative high eGFR values. However, the aim of this study was not to estimate the
prevalence of CKD but to assess the performance of the different equations for eGFR which
should be less influenced by this selection.

Conclusions and Recommendations

We suggest applying the creatinine based CKD-EPI-formula without the factor for black
Americans to estimate the renal function in HIV-negative Malawian people and other similar
cohorts in SSA. We recommend caution when applying this formula in HIV-positive individu-
als, because eGFR levels are most probably overestimated. We recommend any study taking
renal function and HIV status into account to use cystatin C based equations for the HIV-posi-
tive individuals.

Since the sensitivity of creatinine-based formulae in general is low [56] especially in the
important transition from CKD stage two to three due to the hyperbolic association between
creatinine clearance and plasma creatinine, we suggest establishing a two-step testing approach,
if possible. Subjects classified in the transition stages two and three based on creatinine should
be assessed a second time according to their cystatin C levels, especially if their HIV-status is
positive. This advanced testing approach should drastically reduce misclassification, but only
slightly increase processing costs.
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Cystatin C measurement is not yet standard practice in Malawi and many other countries in
SSA because the costs are considerably higher compared to creatinine measurements. If this
remains the case, the application of a creatinine based CKD-EPI formula which corrects for
confounders such as HIV status and BMI should be aspired to. However, since muscle mass is
the important influence factor on serum creatinine, and clearly relates to BMI in underweight
individuals in absence of body fat only, the inclusion of BMI has to be done carefully. In the
long run, we highly recommend to foster the application of cystatin C based eGFR as a com-
mon standard to more accurately assess individual kidney function.

Supporting Information

S1 Dataset. Complete dataset, anonymized. Data of all study participants in Malawi, contain-
ing individual characteristics, blood pressure, specific diagnosis, serum creatinine and cystatin
C values, and calculated eGFR according to different formulae.

(XLS)

S1 Fig. CKD-EPI-Cystatin-C versus Cockcroft-Gault. CKD-EPI equation: eGFR = 76.7 x
CYStC71.19
(TIF)

$2 Fig. CKD-EPI-Cystatin-C versus MDRD-4. CKD-EPI equation: eGFR = 76.7 x CystC """’
(TIF)

$3 Fig. CKD-EPI-Cystatin-C versus CKD-EPI (without factor for black Americans).
CKD-EPI equation: eGFR = 76.7 x CystC""°
(TTF)

$4 Fig. CKD-EPI-Cystatin-C versus Cockcroft-Gault. CKD-EPI equation: eGFR = 127.7 x
CYStC_l'17 X age'0'13 x0.91 [if female] X 1.06[if black]
(TIF)

S5 Fig. CKD-EPI-Cystatin-C versus MDRD-4. CKD-EPI equation: eGFR = 127.7 x CystC "7
X age70.13 X 0'91[if female] X 1'06[if black]
(TIF)

S6 Fig. CKD-EPI-Cystatin-C versus CKD-EPI (without factor for black Americans).
CKD-EPI equation: eGFR = 127.7 x CystC'l‘17 X age'o‘13 X 0.91if femate] X 1.06if black]
(TIF)

S1 Table. Absolute bias (mean differences) and precision (standard error of the mean dif-
ferences), and relative bias of two formulas to be compared; further comparisons.
(DOC)

S2 Table. Method comparison 30% and 10% accuracy, further comparisons 30% and 10%
accuracy, further comparisons.
(DOC)

$3 Table. Method comparison staging results, further comparisons.
(DOC)

Acknowledgments

We acknowledge the contributions of Nomeda Ahrenshop, Markus Zorn and Edwin Chitan-
dale (Lab) Edith Makwecha and Dominic Nsona (study implementation); Martin Zeier,

PLOS ONE | DOI:10.1371/journal.pone.0130453 June 17,2015 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0130453.s010

@ PLOS | oxe

Evaluation of Different eGFR Formulae in a Malawian Cohort

Claudia Beiersmann and Thomas Bruckner (analysis and review) and Colin Speight (com-
menting and editing).

Author Contributions

Conceived and designed the experiments: FN NG SP. Performed the experiments: NG. Ana-
lyzed the data: NG AD DR FN. Contributed reagents/materials/analysis tools: SP AD DR.
Wrote the paper: NG AD FN SP DR.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Zhang Q, Rothenbacher D (2008) Prevalence of chronic kidney disease in population-based studies:
Systematic review. BMC Public Health 8 (1): 117. Available: http://www.biomedcentral.com/1471-
2458/8/117.

Barsoum RS (2006) Chronic kidney disease in the developing world. N. Engl. J. Med. 354 (10): 997—
999. PMID: 16525136

Rabkin M, EI-Sadr WM (2011) Why reinvent the wheel? Leveraging the lessons of HIV scale-up to con-
front non-communicable diseases. Glob Public Health 6 (3): 247-256. doi: 10.1080/17441692.2011.
552068 PMID: 21390970

Boutayeb A (2006) The double burden of communicable and non-communicable diseases in develop-
ing countries. Trans. R. Soc. Trop. Med. Hyg. 100 (3): 191-199. PMID: 16274715

WHO (2011) From Burden to “Best Buys”: Reducing the Economic Impact of Non-Communicable Dis-
eases in Low- and Middle-Income Countries.

Kynast-Wolf G, PreuB3 M, Sié A, Kouyaté B, Becher H (2010) Seasonal patterns of cardiovascular dis-
ease mortality of adults in Burkina Faso, West Africa. Trop. Med. Int. Health 15 (9): 1082—-1089. doi: 10.
1111/j.1365-3156.2010.02586.x PMID: 20667050

Mathers CD, Fat DM, Inoue M, Rao C, Lopez AD (2005) Counting the dead and what they died from: an
assessment of the global status of cause of death data. Bull. World Health Organ. 83 (3): 171-177.
PMID: 15798840

Naicker S (2010) Burden of end-stage renal disease in sub-Saharan Africa. Clin. Nephrol. 74 Suppl 1:
S13-6. PMID: 20979956

Lucas GM, Clarke W, Kagaayi J, Atta MG, Fine DM, Laeyendecker O et al. (2010) Decreased kidney
function in a community-based cohort of HIV-Infected and HIV-negative individuals in Rakai, Uganda. J
Acquir Immune Defic Syndr 55 (4): 491-494. doi: 10.1097/QAI.0b013e3181e8d5a8 PMID: 20613548

Mulenga LB, Kruse G, Lakhi S, Cantrell RA, Reid SE, Zulu | et al. (2008) Baseline renal insufficiency
and risk of death among HIV-infected adults on antiretroviral therapy in Lusaka, Zambia. AIDS 22 (14):
1821-1827. doi: 10.1097/QAD.0b013e328307a051 PMID: 18753939

Stanifer JW, Jing B, Tolan S, Helmke N, Mukerjee R, Naicker S et al. (2014) The epidemiology of
chronic kidney disease in sub-Saharan Africa: a systematic review and meta-analysis. The Lancet.
Global health 2 (3): e174-81. doi: 10.1016/S2214-109X(14)70002-6 PMID: 25102850

Sumaili EK, Krzesinski J, Zinga CV, Cohen EP, Delanaye P, Munyanga SM et al. (2009) Prevalence of
chronic kidney disease in Kinshasa: results of a pilot study from the Democratic Republic of Congo.
Nephrology, dialysis, transplantation: official publication of the European Dialysis and Transplant Asso-
ciation—European Renal Association 24 (1): 117-122.

Wools-Kaloustian K, Gupta SK, Muloma E, Owino-Ong'or W, Sidle J, Aubrey RW et al. (2007) Renal
disease in an antiretroviral-naive HIV-infected outpatient population in Western Kenya. Nephrol Dial
Transplant 22 (8): 2208-2212. PMID: 17652119

Reid A, Stohr W, Walker AS, Williams IG, Kityo C, Hughes P et al. (2008) Severe renal dysfunction and
risk factors associated with renal impairment in HIV-infected adults in Africa initiating antiretroviral ther-
apy. Clin Infect Dis 46 (8): 1271-1281. doi: 10.1086/533468 PMID: 18444867

Cailhol J, Nkurunziza B, I1zzedine H, Nindagiye E, Munyana L, Baramperanye E et al. (2011) Preva-
lence of chronic kidney disease among people living with HIV/AIDS in Burundi: a cross-sectional study.
BMC Nephrol 12: 40. doi: 10.1186/1471-2369-12-40 PMID: 21864389

Naicker S, Fabian J (2010) Risk factors for the development of chronic kidney disease with HIV/AIDS.
Clin. Nephrol. 74 Suppl 1: S51-6. PMID: 20979964

National Kidney Foundation (2002) K/DOQI clinical practice guidelines for chronic kidney disease:.
evaluation, classification, and stratification. Am J Kidney Dis 39 (2 Suppl 1): S1-266. PMID: 11904577

PLOS ONE | DOI:10.1371/journal.pone.0130453 June 17,2015 15/17


http://www.biomedcentral.com/1471-2458/8/117
http://www.biomedcentral.com/1471-2458/8/117
http://www.ncbi.nlm.nih.gov/pubmed/16525136
http://dx.doi.org/10.1080/17441692.2011.552068
http://dx.doi.org/10.1080/17441692.2011.552068
http://www.ncbi.nlm.nih.gov/pubmed/21390970
http://www.ncbi.nlm.nih.gov/pubmed/16274715
http://dx.doi.org/10.1111/j.1365-3156.2010.02586.x
http://dx.doi.org/10.1111/j.1365-3156.2010.02586.x
http://www.ncbi.nlm.nih.gov/pubmed/20667050
http://www.ncbi.nlm.nih.gov/pubmed/15798840
http://www.ncbi.nlm.nih.gov/pubmed/20979956
http://dx.doi.org/10.1097/QAI.0b013e3181e8d5a8
http://www.ncbi.nlm.nih.gov/pubmed/20613548
http://dx.doi.org/10.1097/QAD.0b013e328307a051
http://www.ncbi.nlm.nih.gov/pubmed/18753939
http://dx.doi.org/10.1016/S2214-109X(14)70002-6
http://www.ncbi.nlm.nih.gov/pubmed/25102850
http://www.ncbi.nlm.nih.gov/pubmed/17652119
http://dx.doi.org/10.1086/533468
http://www.ncbi.nlm.nih.gov/pubmed/18444867
http://dx.doi.org/10.1186/1471-2369-12-40
http://www.ncbi.nlm.nih.gov/pubmed/21864389
http://www.ncbi.nlm.nih.gov/pubmed/20979964
http://www.ncbi.nlm.nih.gov/pubmed/11904577

@ PLOS | oxe

Evaluation of Different eGFR Formulae in a Malawian Cohort

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

4.

Cockcroft DW, Gault MH (1976) Prediction of creatinine clearance from serum creatinine. Nephron 16
(1): 31-41. PMID: 1244564

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D (1999) A more accurate method to esti-
mate glomerular filtration rate from serum creatinine. a new prediction equation. Modification of Diet in
Renal Disease Study Group. Ann Intern Med 130 (6): 461—-470. PMID: 10075613

KDIGO (2013) Chapter 1: Definition and classification of CKD. Kidney Int Suppl (2011) 3 (1): 19-62.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF3, Feldman Hl et al. (2009) A new equation to
estimate glomerular filtration rate. Ann Intern Med 150 (9): 604—-612. PMID: 19414839

Myers GL, Miller WG, Coresh J, Fleming J, Greenberg N, Greene T et al. (2006) Recommendations for
improving serum creatinine measurement: a report from the Laboratory Working Group of the National
Kidney Disease Education Program. Clin. Chem. 52 (1): 5-18. PMID: 16332993

Ellison PT (2009) Developmental plasticity in a biocultural context. Am. J. Hum. Biol. 21 (1): 1. doi: 10.
1002/ajhb.20841 PMID: 18925571

Kuzawa CW, Sweet E (2009) Epigenetics and the embodiment of race: developmental origins of US
racial disparities in cardiovascular health. Am. J. Hum. Biol. 21 (1): 2-15. doi: 10.1002/ajhb.20822
PMID: 18925573

Jasienska G (2009) Low birth weight of contemporary African Americans: an intergenerational effect of
slavery. Am. J. Hum. Biol. 21 (1): 16-24. doi: 10.1002/ajhb.20824 PMID: 18925572

Eastwood JB, Kerry SM, Plange-Rhule J, Micah FB, Antwi S, Boa FG et al. (2010) Assessment of GFR
by four methods in adults in Ashanti, Ghana. the need for an eGFR equation for lean African popula-
tions. Nephrol Dial Transplant 25 (7): 2178-2187. doi: 10.1093/ndt/gfp765 PMID: 20100724

Prigent A (2008) Monitoring renal function and limitations of renal function tests. Semin Nucl Med 38
(1): 32—46. PMID: 18096462

Dharnidharka VR, Kwon C, Stevens G (2002) Serum cystatin C is superior to serum creatinine as a
marker of kidney function: a meta-analysis. Am. J. Kidney Dis. 40 (2): 221-226. PMID: 12148093

Jones CY, Jones CA, Wilson IB, Knox TA, Levey AS, Spiegelman D et al. (2008) Cystatin C and creati-
nine in an HIV cohort. the nutrition for healthy living study. Am J Kidney Dis 51 (6): 914—924. doi: 10.
1053/j.ajkd.2008.01.027 PMID: 18455851

National Statistical Office (2008) 2008 Population and housing census. Preliminary report. 35 p.

Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S et al. (2006) Using standardized
serum creatinine values in the modification of diet in renal disease study equation for estimating glomer-
ular filtration rate. Annals of internal medicine 145 (4): 247-254. PMID: 16908915

van Deventer HE, Paiker JE, Katz IJ, George JA (2011) A comparison of cystatin C- and creatinine-
based prediction equations for the estimation of glomerular filtration rate in black South Africans.
Nephrol Dial Transplant 26 (5): 1553—1558. doi: 10.1093/ndt/gfq621 PMID: 20961892

Stevens LA, Coresh J, Schmid CH, Feldman HI, Froissart M, Kusek J et al. (2008) Estimating GFR
using serum cystatin C alone and in combination with serum creatinine: a pooled analysis of 3,418 indi-
viduals with CKD. Am. J. Kidney Dis. 51 (3): 395—406. doi: 10.1053/j.ajkd.2007.11.018 PMID:
18295055

Altman DG, Bland JM (1983) Measurement in Medicine: the Analysis of Method Comparison Studies.
The Statistician 32: 307-317.

Bland JM, Altman DG (1999) Measuring agreement in method comparison studies. Statistical Methods
in Medical Research (8:): 135-160. PMID: 10501650

Dewitte K, Fierens C, Stockl D, Thienpont LM (2002) Application of the Bland-Altman plot for interpreta-
tion of method-comparison studies: a critical investigation of its practice. Clin. Chem. 48 (5): 799-801;
author reply 801-2. PMID: 11978620

Koenker R, Bassett G Jr (1978) Regression quantiles. Econometrica: journal of the Econometric Soci-
ety: 33-50.

Koenker R, Hallock KF (2001) Quantile regression. The Journal of Economic Perspectives (Nashville).
Chen C (2005) An Introduction to Quantile Regression and the QUANTREG Procedure. Paper 213-30.
24 p.

Bland JM, Altman DG (1986) Statistical methods for assessing agreement between two methods of
clinical measurement. Lancet 1 (8476): 307-310. PMID: 2868172

Mocroft A, Ryom L, Begovac J, Monforte AD, Vassilenko A, Gatell J et al. (2014) Deteriorating renal

function and clinical outcomes in HIV-positive persons. AIDS 28 (5): 727-737. doi: 10.1097/QAD.
0000000000000134 PMID: 24983543

PLOS ONE | DOI:10.1371/journal.pone.0130453 June 17,2015 16/17


http://www.ncbi.nlm.nih.gov/pubmed/1244564
http://www.ncbi.nlm.nih.gov/pubmed/10075613
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://www.ncbi.nlm.nih.gov/pubmed/16332993
http://dx.doi.org/10.1002/ajhb.20841
http://dx.doi.org/10.1002/ajhb.20841
http://www.ncbi.nlm.nih.gov/pubmed/18925571
http://dx.doi.org/10.1002/ajhb.20822
http://www.ncbi.nlm.nih.gov/pubmed/18925573
http://dx.doi.org/10.1002/ajhb.20824
http://www.ncbi.nlm.nih.gov/pubmed/18925572
http://dx.doi.org/10.1093/ndt/gfp765
http://www.ncbi.nlm.nih.gov/pubmed/20100724
http://www.ncbi.nlm.nih.gov/pubmed/18096462
http://www.ncbi.nlm.nih.gov/pubmed/12148093
http://dx.doi.org/10.1053/j.ajkd.2008.01.027
http://dx.doi.org/10.1053/j.ajkd.2008.01.027
http://www.ncbi.nlm.nih.gov/pubmed/18455851
http://www.ncbi.nlm.nih.gov/pubmed/16908915
http://dx.doi.org/10.1093/ndt/gfq621
http://www.ncbi.nlm.nih.gov/pubmed/20961892
http://dx.doi.org/10.1053/j.ajkd.2007.11.018
http://www.ncbi.nlm.nih.gov/pubmed/18295055
http://www.ncbi.nlm.nih.gov/pubmed/10501650
http://www.ncbi.nlm.nih.gov/pubmed/11978620
http://www.ncbi.nlm.nih.gov/pubmed/2868172
http://dx.doi.org/10.1097/QAD.0000000000000134
http://dx.doi.org/10.1097/QAD.0000000000000134
http://www.ncbi.nlm.nih.gov/pubmed/24983543

@ PLOS | oxe

Evaluation of Different eGFR Formulae in a Malawian Cohort

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Struik GM, den Exter RA, Munthali C, Chipeta D, van Oosterhout JJ, Nouwen JL et al. (2011) The prev-
alence of renal impairment among adults with early HIV disease in Blantyre, Malawi. IntJ STD AIDS 22
(8): 457—462. doi: 10.1258/ijsa.2011.010521 PMID: 21795419

Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M et al. (2010) Comparative perfor-
mance of the CKD Epidemiology Collaboration (CKD-EPI) and the Modification of Diet in Renal Dis-
ease (MDRD) Study equations for estimating GFR levels above 60 mL/min/1.73 m2. Am. J. Kidney Dis.
56 (3): 486—495. doi: 10.1053/j.ajkd.2010.03.026 PMID: 20557989

Gagneux-Brunon A, Delanaye P, Maillard N, Fresard A, Basset T, Alamartine E et al. (2013) Perfor-
mance of creatinine and cystatin C-based glomerular filtration rate estimating equations in a European
HIV-positive cohort. AIDS 27 (10): 1573-1581. doi: 10.1097/QAD.0b013e32835fac30 PMID:
23435293

Wyatt CM, Schwartz GJ, Owino Ong'or W, Abuya J, Abraham AG, Mboku C et al. (2013) Estimating kid-
ney function in HIV-infected adults in Kenya: comparison to a direct measure of glomerular filtration
rate by iohexol clearance. PLoS ONE 8 (8): e¢69601. doi: 10.1371/journal.pone.0069601 PMID:
23950899

Matsushita K, Mahmoodi BK, Woodward M, Emberson JR, Jafar TH, Jee SH et al. (2012) Comparison
of risk prediction using the CKD-EPI equation and the MDRD study equation for estimated glomerular
filtration rate. JAMA 307 (18): 1941-1951. doi: 10.1001/jama.2012.3954 PMID: 22570462

Delanaye P, Cavalier E, Moranne O, Lutteri L, Krzesinski J, Bruyére O (2013) Creatinine-or cystatin C-
based equations to estimate glomerular filtration in the general population: impact on the epidemiology
of chronic kidney disease. BMC Nephrol 14:57. doi: 10.1186/1471-2369-14-57 PMID: 23496839

Florkowski CM, Chew-Harris JS (2011) Methods of Estimating GFR—Different Equations Including
CKD-EPI. Clin Biochem Rev 32 (2): 75-79. PMID: 21611080

Bostom AG, Kronenberg F, Ritz E (2002) Predictive performance of renal function equations for
patients with chronic kidney disease and normal serum creatinine levels. J. Am. Soc. Nephrol. 13 (8):
2140-2144. PMID: 12138147

Mocroft A, Ryom L, Reiss P, Furrer H, D'Arminio Monforte A, Gatell J et al. (2014) A comparison of esti-
mated glomerular filtration rates using Cockcroft-Gault and the Chronic Kidney Disease Epidemiology
Collaboration estimating equations in HIV infection. HIV Med. 15 (3): 144—-152. doi: 10.1111/hiv.12095
PMID: 24118916

Hsu J, Johansen KL, Hsu C, Kaysen GA, Chertow GM (2008) Higher serum creatinine concentrations
in black patients with chronic kidney disease: beyond nutritional status and body composition. Clin J
Am Soc Nephrol 3 (4): 992-997. doi: 10.2215/CJN.00090108 PMID: 18417750

Jones CA, McQuillan GM, Kusek JW, Eberhardt MS, Herman WH, Coresh J et al. (1998) Serum creati-
nine levels in the US population: Third National Health and Nutrition Examination Survey. American
Journal of Kidney Diseases 32 (6): 992—999. PMID: 9856515

Krieger N (2003) Does racism harm health? Did child abuse exist before 19627 On explicit questions,
critical science, and current controversies: an ecosocial perspective. Am J Public Health 93 (2): 194—
199. PMID: 12554569

Stevens LA, Claybon MA, Schmid CH, Chen J, Horio M, Imai E et al. (2011) Evaluation of the Chronic
Kidney Disease Epidemiology Collaboration equation for estimating the glomerular filtration rate in mul-
tiple ethnicities. Kidney Int 79 (5): 555-562. doi: 10.1038/ki.2010.462 PMID: 21107446

Delanaye P, Mariat C, Maillard N, Krzesinski J, Cavalier E (2011) Are the creatinine-based equations
accurate to estimate glomerular filtration rate in African American populations. Clinical journal of the
American Society of Nephrology: CJASN 6 (4): 906-912. doi: 10.2215/CJN.10931210 PMID:
21441133

Shemesh O, Golbetz H, Kriss JP, Myers BD (1985) Limitations of creatinine as a filtration marker in glo-
merulopathic patients. Kidney Int. 28 (5): 830—-838. PMID: 2418254

PLOS ONE | DOI:10.1371/journal.pone.0130453 June 17,2015 17/17


http://dx.doi.org/10.1258/ijsa.2011.010521
http://www.ncbi.nlm.nih.gov/pubmed/21795419
http://dx.doi.org/10.1053/j.ajkd.2010.03.026
http://www.ncbi.nlm.nih.gov/pubmed/20557989
http://dx.doi.org/10.1097/QAD.0b013e32835fac30
http://www.ncbi.nlm.nih.gov/pubmed/23435293
http://dx.doi.org/10.1371/journal.pone.0069601
http://www.ncbi.nlm.nih.gov/pubmed/23950899
http://dx.doi.org/10.1001/jama.2012.3954
http://www.ncbi.nlm.nih.gov/pubmed/22570462
http://dx.doi.org/10.1186/1471-2369-14-57
http://www.ncbi.nlm.nih.gov/pubmed/23496839
http://www.ncbi.nlm.nih.gov/pubmed/21611080
http://www.ncbi.nlm.nih.gov/pubmed/12138147
http://dx.doi.org/10.1111/hiv.12095
http://www.ncbi.nlm.nih.gov/pubmed/24118916
http://dx.doi.org/10.2215/CJN.00090108
http://www.ncbi.nlm.nih.gov/pubmed/18417750
http://www.ncbi.nlm.nih.gov/pubmed/9856515
http://www.ncbi.nlm.nih.gov/pubmed/12554569
http://dx.doi.org/10.1038/ki.2010.462
http://www.ncbi.nlm.nih.gov/pubmed/21107446
http://dx.doi.org/10.2215/CJN.10931210
http://www.ncbi.nlm.nih.gov/pubmed/21441133
http://www.ncbi.nlm.nih.gov/pubmed/2418254

