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Article

Lack of Association Between Factor V
Leiden and Sepsis: A Meta-Analysis

Jing Zhang, MD1, Yanxian He, MD2, Weibing Song, MD1, Yong Lu, MD3,
Ping Li, MD1, Li Zou, MD1, and Wuzhuang Zhong, MD1

Abstract
Some studies evaluated the association of factor V Leiden (FVL) with sepsis risk and mortality risk. However, the results were
conflicting. Thus, we performed a meta-analysis to address the association between FVL and sepsis. PubMed and EMBASE databases
were searched to find relevant studies. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were estimated using
random effects model. Five case–control studies and 3 cohort studies were included. Overall, no significant association between FVL
and sepsis risk was observed (OR ¼ 0.93; 95% CI 0.74-1.15; P ¼ .49). In addition, there was no significant association between FVL
and sepsis-related mortality (OR ¼ 1.17; 95% CI 0.73-1.88; P ¼ .52). In the subgroup analysis, no increased sepsis risk and mortality
risk were found in caucasian population. This meta-analysis suggested that FVL was not a risk factor for sepsis and sepsis mortality.
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Introduction

Sepsis remains a major global health problem with a high mor-

tality despite major advances in the care of critically ill children

and adults. Epidemiological studies have suggested a strong

genetic relationship on the susceptibility and the outcome of

sepsis.1-3 In recent years, several articles have identified the

importance of factor V Leiden (FVL) in sepsis outcomes.4,5

The FVL describes a G1691A nucleotide transition resulting

in an R506Q amino acid missense mutation.6 The FVL muta-

tion results in a loss of 1 of the 3 activated protein C cleavage

sites in factor V, which renders the protein resistant to the antic-

oagulant activity of activated protein C.7 In a median lethal

dose endotoxin mouse model, Kerlin et al8 found that heterozy-

gous mice had lower mortality than wild-type mice. In addi-

tion, Schouten et al9 suggested that homozygosity for the

FVL mutation protected against lethality due to pneumococcal

pneumonia in mice treated with antibiotics. However, Brügge-

mann et al10 showed that the FVL allele has no beneficial effect

on mouse septic peritonitis. Moreover, clinical studies on the

role of FVL in sepsis also showed variable results. Benfield

et al11 suggested that the FVL mutation may be associated with

infectious disease susceptibility and an increased risk of mor-

tality from sepsis. However, other clinical studies could not

confirm this result.12-18 Therefore, the results of the previous

studies are controversial.

To date, no meta-analyses have established the associations

of FVL with sepsis risk and sepsis mortality risk. The aim of

this study was to perform a meta-analysis to derive a better

estimation of the associations.

Methods

Publication Search

A literature search of the PubMed, EMBASE, and Wanfang

databases was conducted for English language studies pub-

lished before January 2013. The following search terms were

used: sepsis and (factor V Leiden or FVL or factor V) and

(polymorphism or mutation or variant). The following Medical

Subject Headings (MeSH) terms were used in PubMed: ‘‘sep-

sis,’’ and ‘‘polymorphism, genetic’’ and ‘‘factor V Leiden.’’ All

the searched studies were retrieved, and their references were

checked as well for other relevant publications. Review articles

were also searched to find additional eligible studies.

Inclusion Criteria

The inclusion criteria were (1) evaluation of the FVL and risk

of sepsis or sepsis mortality; (2) case–control study or cohort
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study; and (3) sufficiently available data to estimate an odds

ratio (OR) with its 95% confidence interval (95% CI). For over-

lapping studies, only the one with the largest sample size was

included. There was no language restriction.

Qualitative Assessment

Methodological quality was independently assessed by 2 investi-

gators (JZ and YH). Any disagreement was resolved by consen-

sus. Quality assessment scores of genetic association studies of

human sepsis were used to assess the quality of the selected arti-

cles.19 Total scores ranged from 0 (worst) to 9 (best) for cohort

studies and 0 (worst) to 10 (best) for case–control studies.

Data Extraction

The following data from each article were extracted: first

author’s surname, publication year, ethnicity, study design, age

group, numbers of cases and controls, and genotype numbers in

cases and controls. The data were extracted and registered into

2 databases independently by 2 investigators (JZ and YH).

Accuracy of the data was verified by comparing collection

forms from each investigator. Any discrepancy was resolved

by discussion or a third author (WZ) would make an ultimate

decision.

Statistical Analysis

The OR and 95% CI were employed to evaluate the strength of

the association between FVL and risk of sepsis and death. The

overall effects were calculated in a dominant genetic model (also

known as FVL carrier vs non-FVL carrier or AA þ AG vs GG)

in this meta-analysis. The pooled OR was calculated by a

random effects model, using the DerSimonian and Laird method.

The statistical significance of OR was determined with Z test.

Departure from Hardy-Weinberg equilibrium (HWE) in

controls was tested by the chi-square test. Heterogeneity

assumption was checked by the Q test.20 The I2 statistic was

also used to assess the degree of heterogeneity among the stud-

ies.21 Subgroup analyses were carried out by ethnicity. Sensi-

tivity analysis was performed through sequentially excluded

individual studies to assess the stability of the results. Visual

inspection of asymmetry was carried out in funnel plots. The

potential publication bias was examined using Egger test.22

All statistical tests were performed using STATA 11.0 soft-

ware (Stata Corporation, College Station, Texas). A P value

<.05 was considered statistically significant except for tests

of heterogeneity where a level of .10 was used.

Results

Study Characteristics

After the literature search, a total of 90 records were reviewed.

After removing 28 duplications and reading the abstracts, 39

articles were further excluded. After reading full texts of the

remaining articles, 15 were then excluded and 8 articles

remained. The study selection process is shown in Figure 1.

Finally, 5 case–control studies and 3 cohort studies were

included in our meta-analysis.11-18 Five studies were conducted

in caucasian populations. Most of the studies comprised adult

patients, whereas 3 studies focused on pediatric patients. The

quality scores of these studies ranged from 5 to 8, suggesting

high quality. The characteristics of the selected studies are pre-

sented in Table 1. Genotype numbers and HWE examination

results are showed in Table 2.

Figure 1. Flow of study identification, inclusion, and exclusion.
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Quantitative Data Synthesis

Eight studies assessed the association between FVL and sepsis

risk. The pooled OR was 0.93 (95% CI 0.74-1.15; P¼ .49; Fig-

ure 2). This result suggested that FVL was not associated with

sepsis risk. In the subgroup analysis by ethnicity, the same

result was found among caucasians (OR ¼ 0.97; 95% CI

0.67-1.41; P ¼ .89). In the subgroup analysis by age group,

no significant association was observed in pediatric patients

and adult patients (Table 3).

Eight studies identified the association between FVL and

sepsis-related mortality risk. Total sample size of patients was

5294. Figure 3 showed that there was no significant association

between FVL and sepsis-related mortality with an OR of 1.17

(95% CI 0.73-1.88; P ¼ .52). In the subgroup analysis by eth-

nicity, there was also no evidence for significant association

between FVL and mortality risk among caucasians (OR ¼
1.72; 95% CI 0.81-3.64; P ¼ .16). In the subgroup analysis

by age group, there was also no significant association between

FVL and mortality risk in different age groups. Summary

results of comparisons are listed in Table 3.

Sensitivity Analysis

In order to evaluate the stability of the results of the meta-analysis,

sensitivity analyses were performed through sequentially

omitted individual studies. All the results were not materially

changed, which suggested the robustness of our results (data

not shown).

Cumulative Meta-Analysis

Cumulative meta-analyses of the 2 associations were per-

formed via the assortment of studies by publication time. As

shown in Figures 4 and 5, no significant association was shown

with each accumulation of more data over time. The results

suggested that the pooled ORs tended to be stable.

Publication Bias

Funnel plots were performed to assess the publication bias in

this meta-analysis. The shapes of the funnel plots were sym-

metric (Figures 6 and 7). Publication bias was evaluated quan-

titatively by Egger test. Egger test did not show evidence of

publication bias for sepsis risk (P ¼ .642). In addition, Egger

test suggested the absence of publication bias for mortality risk

(P ¼ .230).

Discussion

Sepsis implies an inflammatory process with an important

alteration in the coagulation system.23 Hemostatic changes,

such as disseminated intravascular coagulation (DIC), is often

observed during sepsis. The DIC has shown to be an indepen-

dent predictor of organ failure and mortality in patients with

severe sepsis.24,25 Administration of activated protein C to sep-

tic animals resulted in amelioration of DIC and an improved

survival.26 Clinical study also showed that treatment with acti-

vated protein C could improve survival from severe sepsis.27

The FVL confers resistance to activated protein C and

increases greater risk of thromboembolism. Thus, it seems that

FVL may have an important role in the development and out-

come of sepsis. However, both animal studies8-10 and clinical

studies11-18 showed controversial results. Meta-analysis is a

good method to synthesize data from different studies on the

same topic and is widely used to synthesize data in genetic-

association studies. Therefore, we carried out this meta-

Table 1. Characteristics of the Studies Included in Meta-Analysis.

First Author Year Ethnicity Study Design Age Group
Case

Number (n)
Control

Number (n)
Susceptibility

Reported
Mortality
Reported

Quality
Score

Kondaveeti 1999 NA Case–control Pediatric 259 80 Yes Yes 5
Yan 2004 Mixed Cohort Adult 3894 NA No Yes 7
Benfield 2005 Caucasian Cohort Adult 9253 NA Yes Yes 8
Hartel 2006 Mixed Case–control Pediatric 183 757 Yes No 6
Sipahi 2006 Caucasian Case–control Pediatric 53 77 Yes Yes 5
Benfield 2010 Mixeda Case–control Adult 849 8147 Yes Yes 8
Davis 2010 Caucasian Case–control Adult 28 54 Yes No 5
Tsantes 2010 Caucasian Cohort Adult 101 NA No Yes 5

Abbreviation: NA, not available.
aData for Caucasians could be extracted separately.

Table 2. Distribution of Factor V Leiden Genotype.

First Author

Case Control
HWE

(P Value)AA AG GG AA AG GG

Kondaveeti 0 25 234 0 7 73 .682
Yan 0 150 3713 NA NA NA NA
Benfield 20 699 8534 NA NA NA NA
Hartel 0 12 171 0 60 697 .256
Sipahi 0 6 47 0 7 70 .676
Benfield 3 96 1150 17 612 7518 .222
Davis 0 1 27 0 1 52 .945
Tsantes 0 9 92 NA NA NA NA

Abbreviations: HWE, Hardy-Weinberg equilibrium; NA, not available.
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analysis including all the available data to particularly investi-

gate the association of FVL with sepsis risk and mortality risk.

To our knowledge, no meta-analysis regarding this issue has

been reported previously.

In this study, we found that FVL was not a risk factor for

sepsis in the overall population. In the subgroup analysis, we

noted that caucasians carrying FVL also did not have increased

sepsis risk. Additionally, FVL displayed lack of association

with sepsis mortality risk. Similarly, nonsignificant result was

shown in the caucasian subgroup. Therefore, our results sug-

gested that FVL was not associated with susceptibility and

mortality of sepsis.

Figure 2. Meta-analysis of the association between factor V Leiden (FVL) and sepsis risk.

Table 3. Summary of Meta-Analysis Results.

Study No. of Studies

Test of Association Heterogeneity

OR (95% CI) Z P Value Model w2 P Value I2, %

Risk of sepsis
AA þ AG vs GG

Overall 8 0.93 (0.74-1.15) 0.69 .49 R 2.15 0.91 0
Caucasian 4 0.97 (0.67-1.41) 0.14 .89 R 0.450 0.92 0
Pediatric 3 0.96 (0.60-1.54) 0.16 .87 R 0.60 0.74 0
Adult 4 0.91 (0.71-1.18) 0.68 .49 R 1.52 0.68 0

Risk of mortality
AA þ AG vs GG

Overall 8 1.17 (0.73-1.88) 0.65 .52 R 9.96 0.19 30.0
Caucasian 5 1.72 (0.81-3.64) 1.41 .16 R 3.22 0.36 7.0
Pediatric 2 0.71 (0.18-2.79) 0.49 .63 R 0.13 0.72 0
Adult 6 1.31 (0.73-2.35) 0.91 .36 R 9.59 0.09 48.0

Abbreviations: R, random effects model; OR, odds ratio; CI, confidence interval; w2, chi-square.
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Figure 3. Meta-analysis of the association between factor V Leiden (FVL) and mortality risk.

Figure 4. Cumulative meta-analysis of associations between factor V Leiden (FVL) and sepsis risk.
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There was no significant heterogeneity in the overall com-

parison. In addition, sensitivity analyses were conducted.

Removal of each study did not alter the conclusions, suggesting

the reliability of these results. The cumulative meta-analyses

showed a trend of no associations between FVL and risk of sep-

sis and mortality as information accumulated by year. This pro-

cedure also proved that our results were robust. Furthermore,

Egger tests did not show significant publication bias.

Some limitations of this meta-analysis should be addressed.

First, the overall outcomes were based on unadjusted ORs,

while a more precise evaluation should be adjusted by other

potentially suspected factors if enough information was avail-

able. Second, lack of individual data of each study prevented

more detailed analyses such as joint effect of gene–gene. Third,

only published articles in the selected electronic databases were

included in this study; it may be possible that some studies

were not included in those databases that might bias the results.

Conclusions

In conclusion, this meta-analysis indicated that there was no

association between FVL and sepsis risk and sepsis-related

Figure 5. Cumulative meta-analysis of associations between factor V Leiden (FVL) and mortality risk.

Figure 6. Funnel plot for sepsis risk and factor V Leiden (FVL). Figure 7. Funnel plot for mortality risk and factor V Leiden (FVL).
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mortality risk. Larger well-designed studies are warranted to

validate these findings. Moreover, gene–gene interactions

should also be considered in future studies.
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14. Härtel C, König I, Köster S, et al. Genetic polymorphisms of

hemostasis genes and primary outcome of very low birth weight

infants. Pediatrics. 2006;118(2):683-689.

15. Kondaveeti S, Hibberd ML, Booy R, et al. Effect of the factor V

Leiden mutation on the severity of meningococcal disease.

Pediatr Infect Dis J. 1999;18(10):893-896.

16. Sipahi T, Pocan H, Akar N. Effect of various genetic polymorph-

isms on the incidence and outcome of severe sepsis. Clin Appl

Thromb Hemost. 2006;12(1):47-54.

17. Tsantes A, Tsangaris I, Nikolopoulos G, et al. The effect of homo-

cysteine on the clinical outcomes of ventilated patients with

severe sepsis. Minerva Anestesiol. 2010;76(10):787-794.

18. Yan SB, Nelson DR. Effect of factor V Leiden polymorphism in

severe sepsis and on treatment with recombinant human activated

protein C. Critical Care Med. 2004;32(5 suppl):S239-S246.

19. Clark MF, Baudouin SV. A systematic review of the quality of

genetic association studies in human sepsis. Intensive Care Med.

2006;32(11):1706-1712.

20. Cochran WG. The combination of estimates from different

experiments. Biometrics. 1954;10(1):101-129.

21. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-

analysis. Stat Med. 2002;21(11):1539-1558.

22. Egger M, Smith GD, Schneider M, et al. Bias in meta-analysis

detected by a simple, graphical test. BMJ. 1997;315(7109):

629-634.

23. Esmon CT, Fukudome K, Mather T, et al. Inflammation, sepsis,

and coagulation. Haematologica. 1999;84(3):254-259.

24. Fourrier F, Chopin C, Goudemand J, et al. Septic shock, multiple

organ failure, and disseminated intravascular coagulation. Com-

pared patterns of antithrombin III, protein C, and protein S

deficiencies. Chest. 1992;101(3):816-823.

25. Mann KG. Biochemistry and physiology of blood coagulation.

Thromb Haemost. 1999;82(2):165-174.

26. Taylor FB, Jr, Chang A, Esmon CT, D’Angelo A, Vigano-

D’Angelo S, Blick KE. Protein C prevents the coagulopathic and

lethal effects of Escherichia coli infusion in the baboon. J Clin

Invest. 1987;79(3):918-925.

27. Bernard GR, Vincent JL, Laterre PF, et al. Efficacy and safety of

recombinant human activated protein C for severe sepsis. N Engl

J Med. 2001;344(10):699-709.

Zhang et al 7

 at UNIV OF NEW MEXICO on September 23, 2014cat.sagepub.comDownloaded from 

http://cat.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


