
INTRODUCTION
• HIV infection is associated with several types of renal dysfunction, including HIV-

associated nephropathy (HIVAN), immune complex kidney disease and acute renal 
failure.

• A number of antivirals (indinavir, ritonavir, and tenofovir DF) and other drugs commonly 
used to treat opportunistic infections  (acyclovir, amphotericin B, foscarnet, cidofovir, 
adefovir and pentamidine) may be associated with nephrotoxicity. 

• The glomerular filtration rate (GFR) is a measure of kidney function and can be measured 
via

• Cockcroft-Gault (CG) equation

• Modification of Diet in Renal Disease (MDRD)  equation

AIMS
• To characterise patients with CRF, as measured by 2 consecutive abnormally reduced GFR 

measurements (< 60 mL/min per 1.73m2).

• To describe antiretroviral treatment and experience in relation to CRF.

METHODS
Patients from EuroSIDA with > 2 serum creatinine measurements measured after 1 January 
2004 were included providing they had weight measured within 6 months of the serum 
creatinine measurement and had height recorded. Baseline was defined as the date of the 
first GFR measurement. GFR was calculated using the CG formula and MDRD formula, both 
were standardized for body surface area using the Mostellar formula;

GFR (CG) = (140-age) x weight (kg) x  0.85 (if female)

Serum creatinine x 72

GFR (MDRD)= 186 x serum creatinine-1.154 x age-0.203 x 0.742 (if female) x 1.21 (if black)

CRF was defined by a confirmed GFR of ≤60 mL/min per 1.73m2.  For each ARV and specific 
combinations, the number of days exposure to each drug was calculated. Logistic regression 
was used to determine the factors related to CRF at baseline, using forward selection 
(p<0.1 inclusion criteria).  Use of each antiretroviral was added to a model with the selected 
demographic factors. Use of ritonavir was considered in a single-PI or a boosted PI-regimen. 
Use of tenofovir DF and ritonavir occurred almost exclusively (96.8% of exposure) in patients 
taking ritonavir as part of a boosted PI regimen, and was not subdivided further. ARV use 
was modeled as ever exposed (yes/no), and cumulative exposure prior to baseline 
(continuous and categorical).

RESULTS
• 4474 patients satisfied the inclusion criterion and are described in Table 1, stratified by 

CRF at baseline. 

• There was a high degree of correlation between the CG and MDRD methods (correlation 
coefficient 0.773, p<0.0001). 

• 158 patients (CG, 3.5%) and 209 patients (MDRD, 4.7%) had CRF at baseline. 101 patients 
(2.3%) had CRF with both formulae. 
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RESULTS (continued)
• In general, patients with CRF were more likely to have atherosclerosis, diabetes, and 

hypertension, were older and had lower CD4 count nadirs than patients without CRF (both CG 
and MDRD formulae). 

• Due to the similarity of the results, only results using the CG formula are presented from here.

• Figure 1 illustrates the proportion of patients exposed to each antiretroviral, or combinations of 
antiretrovirals, stratified according to CRF at baseline, using the CG formula.

• For example, for indinavir, 1.8% (38/2118) of patients never exposed had CRF compared to 5.1% 
(120/2356) of patients exposed to indinavir. The corresponding figures for tenofovir DF were 
3.1% (93/3213) and 4.8% (60/1261) respectively.

• The results of logistic regression models are shown in Table 2. After adjustment, patients from 
Eastern Europe, older patients, patients with a higher CD4 nadir at baseline, or those with a 
higher viral load at baseline, had significantly increased odds of CRF at baseline

• Use of indinavir or tenofovir DF was associated with increased odds and use of enfurvitide was 
associated with decreased odds of CRF at baseline. 

• Use of ritonavir as a single or as part of a boosted PI-regimen was not associated with increased 
odds of CRF at baseline, and use of tenofovir DF and ritonavir as part of the same regimen was 
not associated with increased odds of CRF at baseline.

CONCLUSIONS
We have described the prevalence and risk factors for CRF (2 consecutive GFR < 60 mL/min per 
1.73m2) in HIV-infected patients, including the most important risk factors known from the general 
population; highly consistent results were found using the CG and MDRD formula to calculate 
GFR.

• Patients with lower CD4 nadir, those with a prior diagnosis of AIDS, and older patients also had 
higher odds of CRF. Among antiretrovirals, only exposure to indinavir or tenofovir DF was 
associated with increased odds of CRF.

• We used a confirmed low GFR to define CRF to increase the robustness of our analysis, 
although there are several potential biases associated with this cross-sectional analysis.

• A causal relationship cannot be identified using a cross sectional analysis.  Future analyses 
should focus on confirmed changes in GFR, requiring large numbers of patients and serial 
estimates of creatinine clearance.

• Ideally, serum creatinine should be measured prior to starting drugs so that the effect on serum 
creatinine can be described in detail, both whilst on treatment and if treatment is interrupted or 
modified.
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Patient characteristics and GFR at baseline; standardised for BSA
Table 1

All patients CG CRF MDRD CRF
N % N % N %

All patients 4474 100 158 3.5 209 4.7

Gender Male 3404 76.1 131 82.9 183 87.6
Female 1070 23.9 27 17.1 26 12.4

Race White 3807 85.1 140 88.6 187 90.4
Other 667 14.9 18 11.4 20 9.6

Risk Homosexual 2032 45.4 79 50.0 113 54.1
IDU 833 18.6 12 7.6 29 13.9
Heterosexual 1300 29.1 49 31.0 48 23.0
Other 309 6.9 18 11.4 19 9.1

Atherosclerosis No 3852 86.1 123 77.9 169 80.9
Yes 123 2.9 16 10.1 17 8.1
Unknown 494 11.0 19 12.0 23 11.0

Diabetes No 3877 86.7 121 76.6 162 77.5
Yes 210 4.7 26 16.5 32 15.3
Unknown 387 8.7 11 7.0 15 7.2

Hypertension No 2551 57.0 52 32.9 73 34.9
Yes 1223 27.3 85 53.5 114 54.6
Unknown 700 15.7 21 13.3 22 10.5

Smoking No 2048 45.8 92 58.2 117 56.0
Status Past 227 5.1 13 8.2 14 6.7

Median IQR Median IQR Median IQR
Age 43.4 38.5-50.8 61.9 55.0-69.1 54.6 45.4-62.4

CD4 455 310-645 403 265-538 430 314-575

Viral load 1.70 1.70-2.61 1.70 1.70-2.48 1.70 1.70-2.30

CD4 nadir 135 148 - 239 80 27-180 88 25 - 211

Current 1533 34.3 31 19.6 51 24.4
Unknown 666 14.9 22 13.9 27 12.9

Factors associated with CRF at baseline 
(confirmed GFR < 60 < mL/min per 1.73m2 at baseline; Cockcroft-Gault formula)

Table 2

Univariate Multivariate
OR 95% CI P OR 95% CI P

Eastern Europe 0.92 0.57–1.50 0.74 2.45 1.35 –4.45 0.0033

Prior AIDS 1.82 1.32–2.51 0.0002 1.34 0.88–2.02 0.17

Age 4.90 4.08–5.88 <0.0001 5.47 4.45–6.72 <0.0001

CD4 nadir 0.90 0.84–0.96 0.0023 0.90 0.82–0.99 0.028

Baseline 1.57 1.07 –2.29 0.022 1.65 1.04–2.62 0.033

Viral load 0.92 0.63–1.35 0.68 1.54 0.98–2.41 0.062

Hypertension 3.25 2.36–4.48 <0.0001 1.34 0.92–1.95 0.12

Any tenofovir DF use 1.59 1.14 –2.21 0.0057 2.18 1.25 –3.81 0.0061

Any indinavir use 2.94 2.03–4.25 <0.0001 2.49 1.62–3.83 <0.0001

Any enfurvitide use 0.49 0.12–2.00 0.32 0.13 0.03–0.65 0.013

Any ritonavir use (single PI regimen) 1.23 0.83–1.81 0.30 0.77 0.39–1.50 0.44

Any ritonavir use (>2 PI regimen) 1.47 1.06–2.05 0.021 0.89 0.56–1.43 0.64

Any tenofovir DF/ritonavir use 1.52 1.05 –2.20 0.026 1.27 0.82–1.98 0.29

Any renal-toxic prophylactic drug 1.99 1.39–2.85 0.0002 1.47 0.94–2.30 0.089

Figure 1 CRF at baseline 
(confirmed GFR < 60 ml/min per 1.73m2 using CG formula)

0

1

2

3

4

5

6

7

zi
d

dd
c

dd
i

d4
t

la
m

ab
a

te
n

ne
v

ef
a

sa
q

in
d

rit
 (1

 P
I)

an
y

rit ne
l

fo
s-

am
p

lo
p

at
a tip t2
0

te
n+

rit
 (a

ny
)

Not exposed Exposed

Antiretroviral

Pr
op

or
ti

on
 w

it
h

CR
F

Not Exposed  497 3296 1846   337   1551 2723  3213  2782  2431  2911 2118  3651 2017   2881 4101  3142  4114  4409  4362        3670

Exposed       3977 1178 2628  4137  2923 1751  1261  1692  2043 1563  2356   823  2457  1593   373   1332   360     65      112          804  

zid; zidovudine, ddc; zalcitabine, ddi; didanosine, d4t; stavudine, lam; lamivudine, aba; abacavir, ten; tenofovir DF, nev; nevirapine, efa; efavirenz, saq; saquinavir, 
ind; indinavir, rit; ritonavir, PI; protease inhibitor, nel; nelfinavir, fos-amp; amprenavir, lop; lopinavir, ata; atazanavir, tip; tipranavir; t20; enfurvitide

Download poster at: www.cphiv.dk



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


