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Abstract
Background Alcohol consumption is associated with haemostasis and so may in�uence cardiovascular
conditions. It is unknown whether the association of alcohol with total and γ’ �brinogen concentrations, as
well as clot structure, are modulated by �brinogen and factor (F)XIII single nucleotide polymorphisms
(SNPs).

Methods Total �brinogen, γ’ �brinogen and clot properties of 2010 healthy black South Africans were
measured in relation to alcohol intake as well as its markers – gamma-glutamyltransferase (GGT),
percentage carbohydrate de�cient transferrin (%CDT), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT). Fourteen �brinogen and two SNPs in the FXIII gene were genotyped to determine
their in�uence.

Results Alcohol intake and its markers correlated negatively with �brinogen and clot lysis time (CLT) as well
as with most of the clot properties. Percentage γ’ �brinogen correlated positively with AST and negatively
with alcohol intake. We then strati�ed for alcohol intake and found inverse associations between γ’
�brinogen and both %CDT and GGT–CDT in consumers, but the positive association with AST remained
only in abstainers. Alcohol intake and its markers modulated the in�uence of �brinogen SNPs on total
�brinogen concentrations and the �brinogen SNPs as well as an FXIII SNP on clot density (all p <0.004).

Conclusion/s We show for the �rst time that some individuals harbour certain genotypes that, in
combination with alcohol consumption, might predispose or protect them from haemostatic factors that
might lead to the development of cardiovascular disease. Studies are needed to clarify the mechanisms
related to the interplay between alcohol and gene variants observed here.

Background
The burgeoning increase in cardiovascular disease (CVD) is a global concern.(1) In many cases
cardiovascular conditions can be adversely affected, but may also be prevented or improved by behaviour.
(2) Alcohol intake is one such factor that in�uence CVD risk – consumed in light to moderate amounts risk
decreases(3), whereas binge drinking increases it.(4) Alcohol can alter CVD risk through haemostatic
processes.(5)

The circulating glycoprotein �brinogen,(6, 7) and its splice variant γ’ �brinogen,(8) that provide the main
structure for blood clots; as well as factor XIII (FXIII) that stabilises the formation of clots and clot
structure(9) have been implicated in CVD.(10) Moderate alcohol consumption reduces total �brinogen
concentrations.(11–14) However, whether alcohol intake in�uences γ’ �brinogen is unknown. Moreover, the
impact of alcohol on the properties of blood clots is complex and also remains to be elucidated.(15)

Single nucleotide polymorphisms (SNPs) within the �brinogen α, β and γ chain genes (FGA, FGB and FGG)
as well as those of FXIII in�uence both total and γ’ �brinogen concentrations, as well as clot properties.(16)
What is unknown, however, is whether the relationship of alcohol with total or γ’ �brinogen concentrations as
well as the kinetics of clot formation, structural properties and �brinolysis are modulated by SNPs.
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Knowledge of such interactions might improve our understanding of total and γ’ �brinogen synthesis and
regulation as well as give us more insight into clot formation, structure and lysis and could be used to
modify risks by individualising preventive lifestyle approaches based on genetics.

Alcohol consumption can be measured by reported intake or through the use of biomarkers of liver function
such as gamma (γ)-glutamyltransferase (GGT), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and carbohydrate-de�cient transferrin (CDT). GGT lacks speci�city in that high
levels could be associated with ageing(17–19), dyslipidaemia(20), atherosclerosis(21, 22), hypertension(21),
diabetes(21), obesity(17) and/or liver damage(22). The wide range of CDT measurements has resulted in a
lack of uniform results and reference limits, hampering comparison of �ndings.(23) By mathematically
combining these biomarkers, GGT–CDT, the diagnostic accuracy exceeds those of its parent components in
detection of alcohol consumption.(24–26) To clarify the interrelationships of these factors, we conducted a
study with the aim to establish, �rst, what associations there might be between total and γ’ �brinogen
concentration or �brin plasma clot properties and alcohol intake/markers; and second, to determine whether
there are interactions between these alcohol biomarkers and fourteen �brinogen and two FXIII gene SNPs,
that we identi�ed from the literature to be of importance, in relation to total and γ’ �brinogen concentrations
and clot characteristics.

Our results demonstrate that alcohol intake and its markers correlated negatively with �brinogen and clot
lysis time (CLT) as well as with most of the clot properties. In contrast, %γ’ �brinogen correlated positively
with AST and negatively with self-reported alcohol intake. We then strati�ed for alcohol intake and found
that the negative associations were also observed for %CDT and GGT–CDT in alcohol consumers. The
positive association with AST was present only in a group of abstainers. Our results indicate that alcohol
consumption confers bene�ts in terms of haemostasis. Furthermore, alcohol modulates the in�uence of
�brinogen SNPs on total �brinogen concentrations and the �brinogen SNPs as well as the FXIII SNP
(rs6003) on clot density. Studying the relationship of alcohol and genetic variation on blood coagulation and
�brinolysis, by means of intake data and biomarkers, has therefore increased our understanding of the
mechanisms of how these factors in�uenced haemostasis in individuals harbouring speci�c genetic
variants. This new knowledge could ultimately improve prevention and intervention of CVD.

Materials And Methods

Study design, population selection and ethics approval
This cross-sectional research is nested within the South African arm of the Prospective Urban and Rural
Epidemiology (PURE) study.(27) A three-stage sampling process was followed based on power calculations
of a previous study.(28) After obtaining gatekeeper permission, 6000 houses were randomly selected from
urban and rural strata. The head of each family unit gave voluntary written informed consent before
completing an interviewer-based questionnaire used to screen for eligibility. From the households, 4000
individuals with no reported use of chronic medication (excluding blood pressure medication) and/or any
self-reported acute illness were identi�ed. During the baseline period, biological samples were collected from
1006 rural and 1004 urban, apparently healthy black men and women who provided written informed
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consent. The study protocol was approved by the Ethics Committee of the authors’ university (NWU-00016-
10-A1 and NWU-00034-17-A1-02) honouring the Declaration of Helsinki of 1975 and 2000.

Lifestyle factor assessment
Questionnaires were interviewer-based in the participants’ home language and provided details regarding
demographic and lifestyle factors, including tobacco. The physical activity index questionnaire, developed
and validated locally, was completed.(29) Amounts of foods and beverages including alcohol consumed
over the previous month were determined by a culture-sensitive, validated quantitative food frequency
questionnaire (QFFQ)(30, 31) computerised using the FoodFinder3® programme based on the South African
Food Composition Tables. Beer, homemade brews, spirits and wine were considered to contain 3.6 g, 3 g,
36 g and 9.4 g of pure alcohol per 100 g, respectively.

Anthropometrical and blood pressure assessment
Participants’ weight and height were measured to calculate body mass index (BMI; kg/m2). Waist
circumference was measured at the narrowest point between the 10th rib and iliac crest. Blood pressure –
systolic and diastolic – was measured with the OMRON HEM-757 apparatus (Omron Healthcare, Kyoto,
Japan) with the cuff on the left arm.

Blood collection, sampling and storage
Fasting blood samples were collected between 07:00 and 11:00. Citrate-treated whole blood was centrifuged
at 2000 x g for 15 minutes to yield buffy coat for DNA isolation and plasma specimens for coagulation
markers. Ethylenediamine tetra-acetic acid-treated whole blood was used for glycated haemoglobin A1c
(HbA1c) analysis. Coagulated blood was collected to yield serum for lipids, C-reactive protein (CRP), GGT,
%CDT, ALT, and AST, analysis. Aliquots were frozen on dry ice, stored in the �eld at − 18 °C and then, after 2–
4 days, at − 80 °C until analysed.

Biochemical analyses
Serum lipids [i.e. total cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and triglycerides], high
sensitivity CRP, GGT, ALT and AST concentrations were assayed using a Sequential Multiple Analyser
(Konelab 20i, Thermo Fisher Scienti�c Oy, Vantaa, Finland). Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald formula. HbA1c concentrations were determined using the D-10
Haemoglobin testing system (Bio-Rad Laboratories, Hercules, CA, USA). Serum %CDT was quanti�ed using
an in vitro heterogeneous immunoassay with column separation followed by turbidimetric measurements
(Axis-Shield %CDT kit, Oslo, Norway) with a measuring range of 1.5–24 mg/L of transferrin and a cut-off
value of 2.6%. We used the following formula: 0.8 x ln(GGT) + 1.3 x ln(%CDT) to calculate GGT-CDT.(25, 26,
32) Fibrinogen was determined using the adapted Clauss method (Multi�brin U-test, BCS coagulation
analyser, Dade Behring, Deer�eld, IL, USA). Fibrinogen γ’ was quanti�ed with an ELISA using a 2.G2.H9
mouse monoclonal coating antibody against the human γ’ sequence (Santa Cruz Biotechnology, Santa Cruz,
USA) for antigen capture and a goat polyclonal antibody against human �brinogen (Antibody 7539, Abcam
for development, Cambridge, USA).(33, 34) To obtain plasma �brinolytic potential, reported as CLT,
turbidimetric analysis (A405 nm) was used(35) with modi�ed tissue factor and tissue-plasminogen activator
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(tPA) concentrations to attain CLTs of 60 minutes. Final concentrations were: tissue factor (125x diluted –
an estimated �nal concentration of 59 pM; Dade Innovin, Siemens Healthcare Diagnostics Inc., Marburg,
Germany), CaCl2 (17 mmol/L), tPA (100 ng/mL; Actilyse, Boehringer Ingelheim, Ingelheim, Germany) and
phospholipid vesicles (10 µmol/L; Rossix, Mölndal, Sweden). Kinetics of clot formation (lag time and slope),
and structural clot properties (maximum absorbance) were calculated from the turbidity curves.(33) Lag
time represents the time required for �brin �bres to grow to su�cient length to allow lateral aggregation as
well as activation of the coagulation cascade. The slope represents the rate of lateral aggregation and
maximum absorbance indicates clot density. The coe�cient of variation for all assays was < 10%. Using
whole blood, a rapid �rst response HIV card test 1–2.0 (Transnational Technologies Inc. PMC Medical, Nani
Daman, India) was done and the outcome con�rmed with a Pareeshak test (BHAT Bio-tech, Bangalore,
India).

DNA extraction, sequencing and genotyping
Genomic DNA was extracted using FlexiGene™ (QIAGEN, catalogue number 51206) and the Maxwell® 16
kits. FGA 2224G/A (rs2070011), FGA 6534A/G (rs6050), FGB 1038G/A (rs1800791), FGB Arg448Lys, G/A
(rs4220), FGB − 148C/T (rs1800787), FGG 10034C/T (rs2066865), FGG 9340T/C (rs1049636), the FXIII
His95Arg A/G (rs6003) and FXIII Val34Leu, C/A (rs5985) were genotyped as described elsewhere.(36)

Downstream quality control included a check for individuals’ successfully genotyped (missingness), minor
allele frequencies (MAF) and a tally of Mendelian error via Haploview (v4.2;
http://www.broad.mit.edu/mpg/haploview) and PLINK (v1.07; http://pngu.mgh.harvard.edu/purcell/plink/)
software. Pairwise linkage-disequilibrium (LD) between the SNPs have been reported previously.(36)
Because three SNPs (rs7439150, rs1800789 and rs1800787) were not complete LD, they are reported
separately.

Statistical analysis
Statistica® version 13.3 (TIBCO Software Inc., Tulsa, Oklahoma, USA) and SAS System for Windows (SAS
Institute Inc., Cary, NC, USA) were used for analyses. Normally distributed data are expressed as mean (95%
con�dence intervals (CI)), and not-normally distributed data as median (lower and upper quartiles).
Differences between the genders and HIV status in terms of coagulation factors were determined by Mann–
Whitney U tests and among tobacco use subgroups, using Kruskal–Wallis analysis of variance (ANOVA).
Spearman correlations were performed to test for statistical dependence between variables and to identify
confounders and/or co-variates for inclusion in subsequent analysis (LDL-C, age, HbA1c, gender, HIV status,
tobacco use, BMI). Spearman partial correlations were conducted adjusting for �brinogen to determine
whether the relationship between alcohol intake or its markers and clot properties are in�uenced by
�brinogen concentration.

To investigate whether markers of alcohol consumption have interactive effects with the �brinogen and FXIII
gene polymorphisms in predicting total and %γ’ �brinogen concentration and clot properties, general linear
models (adjusting for age, gender, HIV status, tobacco use, LDL-c, HbA1c and BMI) with interactions were
performed. Interactions that remained after accounting for multiple testing and false discovery rates
according to Hochberg and Benjamini are reported; the statistical threshold for signi�cance was p < 0.004
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(1/64(.25) = 0.004) when the false discovery rate was set at 25%.(37) To describe the interaction, Spearman
partial correlations adjusting for LDL-C, age, HbA1c, gender, HIV status, tobacco use and BMI and
additionally for �brinogen, when the interaction was in relation to maximum absorbance, were used.

Results
Participants characteristics and correlations between measured variables and total �brinogen, %g’ �brinogen
concentration and plasma clot properties

Participant characteristics, 44.4% being drinkers and 55.6% abstainers, including data on alcohol intake and
its biomarkers, are presented in Table 1.  The mean alcohol intake of 659 participants who drank was 11.5 ±
22.7 g/day.  Total �brinogen, maximum absorbance and CLT differed between the genders.  Differences
between total �brinogen (p <0.0001), %g’ �brinogen (p <0.0001), slope (p <0.0001) and maximum
absorbance (p <0.0001) were observed in HIV status groups.  No differences were detected in haemostatic
markers among the subgroups for tobacco use, except CLT (p = 0.0007).

Positive correlations were found between self-reported alcohol intake and %CDT (r = 0.43; p <0.00001), GGT
(r = 0.32; p <0.00001), ALT (r = 0.20; p <0.00001) and AST (r = 0.33; p <0.0001), with the combined marker,
GGT-CDT, demonstrating the strongest correlation (r = 0.50; p <0.00001).  In Table 2 we present correlations
of alcohol intake and its markers with total and g’ �brinogen concentrations and clot properties.  All alcohol
intake markers correlated negatively with total �brinogen (with AST having the strongest correlation) and
CLT (with GGT–CDT having the strongest correlation).  AST was the only alcohol intake marker to correlate
with %g’ �brinogen and, albeit weakly, with lag time.  Slope correlated negatively with GGT (albeit weakly),
ALT and AST.  All alcohol biomarkers except %CDT correlated with maximum absorbance.

Other variables (age, BMI and HbA1c) that were associated with the haemostatic markers or subgroups
across which haemostatic variables differed (gender, HIV status and tobacco use subgroups), were treated
as covariates within subsequent analyses.  By adjusting for HbA1c we also accounted for non-alcoholic
fatty liver disease (NAFLD), because NAFLD and type 2 diabetes mellitus generally coexist.(38, 39) In Table
S1 we present the correlations for the drinkers and abstainers separately.  The correlations remained largely
the same except that, in drinkers, �brinogen and maximum absorbance did not appear to increase with BMI
and the positive association of %g’ �brinogen with AST remained only in abstainers.

When partial correlations adjusting for �brinogen were conducted to determine whether the relationship
between alcohol intake or its markers and clot properties are in�uenced by the �brinogen concentration, the
associations with lag time and slope were no longer noteworthy.  Of the relationships with maximum
absorbance, the ones with %CDT and GGT-CDT did not remained after accounting for total �brinogen.  The
associations between alcohol intake and its markers with CLT remained after controlling for total �brinogen
concentration, particularly in drinkers, but not in abstainers.  These associations also remained after
additional adjustment for BMI and HbA1c (Table 2).

Gene-alcohol interactions
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Detailed results of the individual �brinogen SNPs and their associations with �brinogen concentration and
clot properties have been described.(36)  Here we focus on the combined effects of markers of alcohol
consumption and genetics of �brinogen and FXIII in relation to total �brinogen, %g’ �brinogen and clot
properties.  Table 3 reports interactions at p < 0.004 after full adjustment.

Self-reported alcohol intake interacted with two FGB (rs7439150 and rs1800790) and one FGG (rs1049636)
SNP in relation to maximum absorbance.  ALT interacted with FGB: rs1800791, FGA: rs6050 and FGG:
rs2066865 in relation to total �brinogen with the inverse relationship being strongest in those homozygous
for the minor alleles, and FGB: rs1800791, FGG: rs1049636 and FXIII: rs6003 in relation to maximum
absorbance.  AST interacted with FGB: rs7439150 also in relation to maximum absorbance.  GGT–CDT
modulated one FGB SNP: rs2227388 in relation to total �brinogen only with this inverse relationship being
strongest in those homozygous for the minor A allele.  The modulatory in�uence on maximum absorbance
and �brinogen concentration seems to be strongest in the minor allele carriers in most cases, except for
alcohol intake at rs1049636, ALT at rs1049636 and rs6003, AST at rs7439150 and GGT-CDT at rs2227388,
respectively.  Additional adjustment for total �brinogen in the interactions observed between the SNPs and
maximum absorbance did not change their statistical signi�cance.

Discussion
Alcoholism is a notorious global public health issue, which calls for evidence-based recommendations –
which have been much disputed – regarding the pros and cons of alcohol consumption. Whereas its
harmful effects are well known and can be devastating, in some circumstances alcohol can confer bene�ts.
We report here how alcohol is correlated advantageously with biomarkers of blood clotting such as total and
γ’ �brinogen, as well as certain clotting properties by comparing drinkers with abstainers. More speci�cally,
in a genetics perspective, alcohol modulated the in�uence of �brinogen SNPs on total �brinogen
concentrations and the �brinogen SNPs as well as the FXIII SNP (rs6003) on clot density. This implies that
those harbouring speci�c genetic variants could bene�t more than others in respect of alcohol consumption
in their susceptibility to coagulation and �brinolysis.

Among alcohol consumers, intake was 11.5 g/day; equal to one standard drink per day(40) – 100 ml of
wine, 45 ml spirits and 350 ml beer.(41) Self-reported alcohol intake correlated positively with all its
biochemical markers. The strongest correlation was with GGT-CDT, which supports the claim of its superior
diagnostic accuracy.(26) Alcohol intake and its markers correlated negatively with total �brinogen, as well as
with most of the clot properties, although after additional adjustment for �brinogen, signi�cance remained
largely for CLT only. Correlation between alcohol biomarkers for drinkers and abstainers were largely the
same. However, in drinkers, �brinogen and maximum absorbance do not appear to increase with BMI as is
seen in non-drinkers, potentially due to a protective effect of alcohol. Percentage γ’ �brinogen was positively
associated with AST and inversely with alcohol intake; however, when stratifying for alcohol consumption,
negative associations were also observed for %CDT, and GGT-CDT in the drinkers and the positive
association with AST was present in the abstainers only, suggesting that this relationship is likely not driven
by alcohol consumption.
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Our results re�ect those of most researchers(12–14). The inverse relationship between �brinogen
concentrations and alcohol consumption is attributed mainly to ethanol(12), but the possibility of the result
being from the ingredients accompanying ethanol in alcoholic beverage, or to their synergistic effect, is
plausible. Early animal studies suggested that ethanol may interfere with hepatic plasma protein synthesis.
(42) Exposure of hepatoma cells to ethanol diminished �brinogen production by 18–20% by decreasing the
transcription of �brinogen genes.(43) Both �brinogen(44–46) and the markers of alcohol intake, are
synthesised primarily by the liver.(47) Because alcohol has direct effects on the liver, the relationship
between �brinogen and liver enzymes is expected. Our report is one of the �rst to investigate γ’ �brinogen in
relation to alcohol consumption and to �nd an inverse relationship. Increased levels of γ’ �brinogen have
been related to denser blood clots resistant to lysis(33, 48, 49), thus reduced levels may provide a
mechanistic pathway through which alcohol consumption can improve clot structure.

We also observed notable associations between clot properties (slope, density and lysability) and alcohol
consumption. Because �brinogen is one of the most important factors in�uencing clot characteristics,(50)
its elevated levels result in increased clot density.(51–53) Moderate alcohol intake may also decrease clot
density, due, at least in part, to the inhibitory effect of alcohol on �brinogen concentration. Because several
relationships between alcohol intake and clot properties remained after adjustment for �brinogen
concentrations, this could indicate that the relationships were not only due to the associated lower
�brinogen concentrations, but to potential direct effects of alcohol intake on these clot properties, especially
CLT. It is possible that alcohol affects CLT, through other mechanisms than clot structure. Plasminogen
activator inhibitor type-1 activity(54, 55), thrombin activatable �brinolysis inhibitor(56–58), tPA(55),BMI(54,
59, 60), HbA1c(54), triglycerides(59), blood pressure(59) and CRP(59) have all been reported to affect CLT. In
our study some of the strongest correlations of CLT were with BMI, triglycerides and HbA1c. Of the latter, BMI
and HbA1c correlated negatively with alcohol intake and its markers whereas triglycerides correlated
positively with ALT, AST and GGT, but negatively with %CDT and alcohol intake (results not shown).
However, when additionally adjusting for BMI and HbA1c, the negative association between alcohol and
markers thereof with CLT remained. This suggests that the negative association between alcohol
consumption and CLT is likely only partly due to the decreased �brinogen concentration, BMI and HbA1c.
The exact mechanisms through which alcohol in�uences CLT remains to be clari�ed.

To our knowledge, this study is the �rst of its kind to investigate the associations of alcohol intake and its
markers in the presence of candidate �brinogen and FXIII genotypes on total �brinogen, %γ’ �brinogen and
clot properties. A genome wide association study failed to detect any gene-alcohol interactions in relation to
haemostasis.(13) We revealed that the relationship of certain SNPs with total �brinogen concentration and
clot properties, in particular clot density, are modulated by alcohol intake/markers, and that the relationship
with clot density remained after adjustment for �brinogen, indicating that this effect is at least partly
independent of �brinogen concentration. Total �brinogen correlated negatively with alcohol intake and its
markers, but at rs6050, rs2066865 and rs2227388 loci, homozygote minor allele carriers’ negative
relationships were the strongest, whereas at rs1800791 it was the strongest in homozygote major alleles.
Genetic variation in the �brinogen genes may alter the magnitude of �brinogen expression in response to
alcohol intake. Clot density correlated negatively with alcohol intake/markers in major allele carriers at
rs1800790, rs1049636, rs1800791 and rs104963 loci, whereas no associations were observed in any of the
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minor allele carriers. On the other hand, clot network density correlated negatively with alcohol markers in
minor allele carriers at rs7439150 and rs6003, but no relationship was observed in any of the homozygote
major allele carriers. Clot density was also modulated by ALT at FXIII: rs6003. Decreased FXIII levels were
associated with the minor allele carriers at rs6003.(61, 62) The negative association of the clot density with
ALT was strongest in the participants who inherited the minor G allele. FXIII clearly plays a role in modulating
clot structure by increasing the stability of the �brin clot by altering its structure and increasing �bre density.
(10) It has furthermore been shown that FXIII is negatively associated with alcohol intake.(63) Future basic
research should investigate the speci�c mechanisms behind the interactions we observed per loci to explain
the reason behind the differences observed in total �brinogen or clot density among the genotypes. In this
respect, we know that alcohol has the ability to perturb normal patterns of DNA methylation(64) impacting
epigenetics.(65) The activities of enzymes involved in DNA and histone methylation and histone acetylation,
are in�uenced by the levels of metabolites such as nicotinamide adenine dinucleotide, adenosine
triphosphate, and S-adenosylmethionine. Chronic alcohol consumption leads to reductions in S-
adenosylmethionine concentrations, thereby contributing to DNA hypomethylation.(65) Ethanol metabolism
alters the ratio of nicotinamide adenine dinucleotide + to reduced nicotinamide adenine dinucleotide (NADH)
and promotes the formation of acetate, all of which impact epigenetic regulatory mechanisms.(65)
Metabolites of ethanol can also bind to transcription factors and/or modify chromatin structure, thereby
altering gene expression.(64, 65)

Even though our report is also one of the �rst to investigate a broad range of haemostatic markers in relation
to alcohol consumption and to take genetic factors into consideration we dealt with certain limitations.
Using the QFFQ method to determine alcohol intake could result in over- or under-reporting of alcohol
consumption and cannot discern between binge or moderate drinkers. However, our �ndings are validated by
also observing associations and interactions with biomarkers re�ecting alcohol intake. We believe that even
with the observational nature of our study design and these limitations that our results are reliable and of
importance to understand further those lifestyle factors such as alcohol intake that predispose individuals to
– or protect them from – unfavourable haemostatic factors that might ultimately lead to CVD.

Conclusion
Some authorities insist that—even in small quantities—the harmful effects of alcohol outweigh the bene�ts,
because alcohol-related liver disease remains the main cause of liver-related mortality worldwide.(66) Our
research shows that, in terms of haemostasis, modest amounts of alcohol seem to be bene�cial. Because
�brinogen and clot properties are closely related to cardiovascular risk – and limited alcohol consumption
could result in minor reductions in �brinogen levels and improvements in blood clot structure – this
relationship is of potential clinical importance. From a genetics viewpoint, we show here that for individuals
harbouring certain genotypes, the in�uence of alcohol intake on total �brinogen concentrations and clot
density may be more bene�cial than for others. A better understanding of diet-gene interactions has
important implications for therapeutic decision making and lifestyle education. Nevertheless, drinking
alcohol should never be recommended to improve health status; and for current drinkers, the prevailing
evidence supports the adoption of even lower limits of consumption than are presently in most guidelines.
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HDL-C:high density lipoprotein cholesterol

Declarations
Author’s contributions

MP obtained funding for the larger research project. CN-R conceptualized the article. CN-R and MP was
involved in the acquisition of data. PHR performed the statistical analysis under the supervision of CN-R. All
authors interpreted the data. PHR and CN-R drafted and �nalised the manuscript.  MP was responsible for
the critical revision of the manuscript. All authors approved the �nal manuscript.

Funding

This project was funded by a Self-Initiated Research grant from the South African Medical Research Council
as well as an Academy of Medical Sciences UK partnered Newton Fund Advanced Fellowship (AMS-NAF1-
Pieters) grant to MP.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the Principle Investigator of
the South African arm of the PURE-study, Prof. Iolanthé M. Kruger, on reasonable request.

Ethics approval and consent to participate

Approval was obtained from the North-West University Health Research Ethics Committee.

Consent for publication

Not applicable.

Competing interests

Herein the authors declare that there’s not any con�ict of interest with this research work.

Acknowledgments

The authors would like to thank all supporting staff and the subjects of the PURE‐study and in particular:



Page 11/21

PURE-South Africa:  The PURE-SA research team, �eld workers and o�ce staff in the Africa Unit for
Transdisciplinary Health Research (AUTHeR), Faculty of Health Sciences, North-West University,
Potchefstroom, South Africa.

PURE-International:  Dr S Yusuf and the PURE-study o�ce staff at the Population Health Research Institute
(PHRI), Hamilton Health Sciences and McMaster University. ON, Canada.

References
 

1. John T-J, Gamra H, Naidoo P. Perspectives for the Prevention of Cardiovascular Disease in Africa: The
Sousse’ Declaration 2018: The Sousse Declaration. European Heart Journal. 2019;40(9):719-23.

2. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European Guidelines on
cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited experts)Developed with the special
contribution of the European Association for Cardiovascular Prevention &amp; Rehabilitation (EACPR).
European Heart Journal. 2016;37(29):2315-81.

3. O'Keefe EL, DiNicolantonio JJ, O'Keefe JH, Lavie CJ. Alcohol and CV Health: Jekyll and Hyde J-Curves.
Progress in Cardiovascular Diseases. 2018;61(1):68-75.

4. Degerud E, Ariansen I, Ystrom E, Graff-Iversen S, Høiseth G, Mørland J, et al. Life course socioeconomic
position, alcohol drinking patterns in midlife, and cardiovascular mortality: Analysis of Norwegian
population-based health surveys. PLoS medicine. 2018;15(1):e1002476.

5. De Gaetano G, Di Castelnuovo A, Donati MB, Iacoviello L. The Mediterranean lecture: wine and
thrombosis–from epidemiology to physiology and back. Pathophysiology of haemostasis and
thrombosis. 2003;33(5-6):466-71.

�. Wang J, Tan G-J, Han L-N, Bai Y-Y, He M, Liu H-B. Novel biomarkers for cardiovascular risk prediction.
Journal of geriatric cardiology: JGC. 2017;14(2):135.

7. Appiah D, Schreiner PJ, MacLehose RF, Folsom AR. Association of Plasma &#x3b3;&#x2032; Fibrinogen
With Incident Cardiovascular Disease. Arteriosclerosis, Thrombosis, and Vascular Biology.
2015;35(12):2700-6.

�. Wolberg Alisa S. Primed to Understand Fibrinogen in Cardiovascular Disease. Arteriosclerosis,
Thrombosis, and Vascular Biology. 2016;36(1):4-6.

9. Ariëns RAS. Fibrin(ogen) and thrombotic disease. Journal of Thrombosis & Haemostasis. 2013;11:294-
305.

10. Hethershaw EL, Cilia La Corte AL, Duval C, Ali M, Grant PJ, Ariëns RAS, et al. The effect of blood
coagulation factor XIII on �brin clot structure and �brinolysis. Journal of Thrombosis & Haemostasis.
2014;12(2):197-205.



Page 12/21

11. Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. Effect of alcohol consumption on biological
markers associated with risk of coronary heart disease: systematic review and meta-analysis of
interventional studies. BMJ. 2011;342:d636.

12. Fragopoulou E, Choleva M, Antonopoulou S, Demopoulos CA. Wine and its metabolic effects. A
comprehensive review of clinical trials. Metabolism. 2018;83:102-19.

13. Baumert J, Huang J, McKnight B, Sabater-Lleal M, Steri M, Chu AY, et al. No evidence for genome-wide
interactions on plasma �brinogen by smoking, alcohol consumption and body mass index: results from
meta-analyses of 80,607 subjects. PloS one. 2014;9(12).

14. Huang Y, Li Y, Zheng S, Yang X, Wang T, Zeng J. Moderate alcohol consumption and atherosclerosis.
Wiener klinische Wochenschrift. 2017;129(21-22):835-43.

15. Pieters M, De Maat MP. Diet and haemostasis—a comprehensive overview. Blood reviews.
2015;29(4):231-41.

1�. Cronje HT, Nienaber-Rousseau C, Zandberg L, De Lange Z, Green FR, Pieters M. Fibrinogen and clot-
related phenotypes determined by �brinogen polymorphisms: Independent and IL-6-interactive
associations. PloS one. 2017;12(11):e0187712.

17. Daeppen JB, Smith TL, Schuckit MA. In�uence of age and body mass index on γ‐glutamyltransferase
activity: a 15‐year follow‐up evaluation in a community sample. Alcoholism: Clinical and Experimental
Research. 1998;22(4):941-4.

1�. Conigrave KM, Degenhardt LJ, Whit�eld JB, Saunders JB, Helander A, Tabakoff B, et al. CDT, GGT, and
AST as markers of alcohol use: the WHO/ISBRA collaborative project. Alcoholism: Clinical and
Experimental Research. 2002;26(3):332-9.

19. Puukka K, Hietala J, Koivisto H, Anttila P, Bloigu R, Niemelä O. Age-related changes on serum ggt activity
and the assessment of ethanol intake. Alcohol and alcoholism. 2006;41(5):522-7.

20. Al-Jameil N, Khan FA, Arjumand S, Khan MF, Tabassum H. Associated liver enzymes with hyperlipidemic
pro�le in type 2 diabetes patients. International journal of clinical and experimental pathology.
2014;7(7):4345.

21. Elshorbagy AK, Refsum H, Smith AD, Graham IM. The association of plasma cysteine and γ‐
glutamyltransferase with BMI and obesity. Obesity. 2009;17(7):1435-40.

22. Mason JE, Starke RD, Van Kirk JE. Gamma‐Glutamyl transferase: a novel cardiovascular risk BioMarker.
Preventive cardiology. 2010;13(1):36-41.

23. Helander A, Wielders J, Anton R, Arndt T, Bianchi V, Deenmamode J, et al. Reprint of Standardisation and
use of the alcohol biomarker carbohydrate-de�cient transferrin (CDT). Clinica Chimica Acta.
2017;467:15-20.

24. Sillanaukee P. Laboratory markers of alcohol abuse. Alcohol and alcoholism. 1996;31(6):613-6.

25. Anton RF, Lieber C, Tabakoff B. Carbohydrate‐De�cient Transferrin and γ‐Glutamyltransferase for the
Detection and Monitoring of Alcohol Use: Results From a Multisite Study. Alcoholism: Clinical and
Experimental Research. 2002;26(8):1215-22.

2�. Niemelä O, Niemelä S, Ritvanen A, Gissler M, Bloigu A, Vääräsmäki M, et al. Assays of Gamma‐Glutamyl
Transferase and Carbohydrate‐De�cient Transferrin Combination from Maternal Serum Improve the



Page 13/21

Detection of Prenatal Alcohol Exposure. Alcoholism: Clinical and Experimental Research.
2016;40(11):2385-93.

27. Teo K, Chow CK, Vaz M, Rangarajan S, Yusuf S. The Prospective Urban Rural Epidemiology (PURE)
study: Examining the impact of societal in�uences on chronic noncommunicable diseases in low-,
middle-, and high-income countries. American Heart Journal. 2009;158(1):1-7.e1.

2�. Vorster HH, Venter CS, Wissing MP, Margetts BM. The nutrition and health transition in the North West
Province of South Africa: a review of the THUSA (Transition and Health during Urbanisation of South
Africans) study. Public Health Nutrition. 2007;8(5):480-90.

29. Kruger HS, Venter CS, Vorster HH, Margetts BM. Physical inactivity is the major determinant of obesity in
black women in the North West province, South Africa: the THUSA study. Nutrition. 2002;18(5):422-7.

30. MacIntyre U, Venter C, Vorster H. A culture-sensitive quantitative food frequency questionnaire used in
an African population: 1. Development and reproducibility. Public health nutrition. 2001a;4(1):53-62.

31. MacIntyre U, Venter C, Vorster H. A culture-sensitive quantitative food frequency questionnaire used in
an African population: 2. Relative validation by 7-day weighed records and biomarkers. Public health
nutrition. 2001b;4(1):63-71.

32. Sillanaukee P, Olsson U. Improved diagnostic classi�cation of alcohol abusers by combining
carbohydrate-de�cient transferrin and γ-glutamyltransferase. Clinical chemistry. 2001;47(4):681-5.

33. Pieters M, Kotze RC, Jerling JC, Kruger A, Ariëns RAS. Evidence that �brinogen γ′ regulates plasma clot
structure and lysis and relationship to cardiovascular risk factors in black Africans. Blood.
2013;121(16):3254-60.

34. Uitte de Willige S, de Visser MCH, Houwing-Duistermaat JJ, Rosendaal FR, Vos HL, Bertina RM. Genetic
variation in the �brinogen gamma gene increases the risk for deep venous thrombosis by reducing
plasma �brinogen γ′ levels. Blood. 2005;106(13):4176-83.

35. Lisman T, De Groot PG, Meijers JC, Rosendaal FR. Reduced plasma �brinolytic potential is a risk factor
for venous thrombosis. Blood. 2005;105(3):1102-5.

3�. Cronjé HT, Nienaber-Rousseau C, Zandberg L, Chikowore T, de Lange Z, van Zyl T, et al. Candidate gene
analysis of the �brinogen phenotype reveals the importance of polygenic co-regulation. Matrix Biology.
2017;60:16-26.

37. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to
multiple testing. Journal of the Royal statistical society: series B (Methodological). 1995;57(1):289-300.

3�. Chen C, Zhu Z, Mao Y, Xu Y, Du J, Tang X, et al. HbA1c may contribute to the development of non-
alcoholic fatty liver disease even at normal-range levels. Biosci Rep. 2020;40(1):BSR20193996.

39. Obika M, Noguchi H. Diagnosis and evaluation of nonalcoholic fatty liver disease. Experimental
diabetes research. 2011;2012.

40. Motluk A. A standard drink? There's no such thing. Canadian Medical Association; 2016.

41. Mongan D, Long J. Standard drink measures throughout Europe; peoples’ understanding of standard
drinks. 2015.



Page 14/21

42. Jeejeebhoy K, Phillips M, Bruce-Robertson A, Ho J, Sodtke U. The acute effect of ethanol on albumin,
�brinogen and transferrin synthesis in the rat. Biochemical Journal. 1972;126(5):1111-24.

43. Wang Z, Barker TH, Fuller GM. Alcohol at Moderate Levels Decreases Fibrinogen Expression In Vivo and
In Vitro. Alcoholism: Clinical and Experimental Research. 1999;23(12):1927-32.

44. Rizzo K, Vella K, Zammit D, Gatt P, Grima C, Inguanez MB, et al. Fibrinogen measurement in liver disease:
validation of the functional �brinogen thromboelastography assay and a novel mathematical predictive
model. Blood Transfus. 2019;17(3):237-46.

45. Iacoviello L, Vischetti M, Zito F, Benedetta Donati M. Genes encoding �brinogen and cardiovascular risk.
Hypertension. 2001;38(5):1199-203.

4�. Tennent GA, Brennan SO, Stangou AJ, O'Grady J, Hawkins PN, Pepys MB. Human plasma �brinogen is
synthesized in the liver. Blood. 2006;109(5):1971-4.

47. White MG, Stoward PJ, Christie KN, Anderson JM. Proteases in normal and diseased human skeletal
muscle: a preliminary histochemical survey. The Histochemical Journal. 1985;17(7):819-32.

4�. Allan P, Uitte de Willige S, Abou‐Saleh R, Connell S, Ariëns R. Evidence that �brinogen γ′ directly
interferes with proto�bril growth: implications for �brin structure and clot stiffness. Journal of
Thrombosis and Haemostasis. 2012;10(6):1072-80.

49. Machlus KR, Cardenas JC, Church FC, Wolberg AS. Causal relationship between hyper�brinogenemia,
thrombosis, and resistance to thrombolysis in mice. Blood, The Journal of the American Society of
Hematology. 2011;117(18):4953-63.

50. Bridge KI, Philippou H, Ariëns RAS. Clot properties and cardiovascular disease. Thrombosis And
Haemostasis. 2014;112(5):901-8.

51. Kotzé RCM, Ariëns RAS, de Lange Z, Pieters M. CVD risk factors are related to plasma �brin clot
properties independent of total and or γ’ �brinogen concentration. Thrombosis Research.
2014;134(5):963-9.

52. Mills JD, Ariëns RA, Mans�eld MW, Grant PJ. Altered �brin clot structure in the healthy relatives of
patients with premature coronary artery disease. Circulation. 2002;106(15):1938-42.

53. Pieters M, Kotze RC, Jerling JC, Kruger A, Ariëns RA. Evidence that �brinogen γ′ regulates plasma clot
structure and lysis and relationship to cardiovascular risk factors in black Africans. Blood.
2013;121(16):3254-60.

54. De Lange Z, Pieters M, Jerling JC, Kruger A, Rijken DC. Plasma clot lysis time and its association with
cardiovascular risk factors in black Africans. PloS one. 2012;7(11).

55. Urano T, Sakakibara K, Rydzewski A, Urano S, Takada Y, Takada A. Relationships between euglobulin
clot lysis time and the plasma levels of tissue plasminogen activator and plasminogen activator
inhibitor 1. Thrombosis and haemostasis. 1990;64(01):082-6.

5�. Wang W, Boffa MB, Bajzar L, Walker JB, Nesheim ME. A study of the mechanism of inhibition of
�brinolysis by activated thrombin-activable �brinolysis inhibitor. Journal of Biological Chemistry.
1998;273(42):27176-81.

57. Antovic J, Antovic A, He S, Tengborn L, Blombäck M. Overall haemostatic potential can be used for
estimation of thrombin‐activatable �brinolysis inhibitor‐dependent �brinolysis in vivo and for possible



Page 15/21

follow‐up of recombinant factor VIIa treatment in patients with inhibitors to factor VIII. Haemophilia.
2002;8(6):781-6.

5�. Mosnier LO, von dem Borne PAK, Meijers JC, Bouma BN. Plasma TAFI levels in�uence the clot lysis time
in healthy individuals in the presence of an intact intrinsic pathway of coagulation. Thrombosis and
haemostasis. 1998;80(11):829-35.

59. Meltzer ME, Doggen CJ, De Groot PG, Rosendaal FR, Lisman T. Reduced plasma �brinolytic capacity as
a potential risk factor for a �rst myocardial infarction in young men. British journal of haematology.
2009;145(1):121-7.

�0. Guimarães AH, De Bruijne EL, Lisman T, Dippel DW, Deckers JW, Poldermans D, et al. Hypo�brinolysis is
a risk factor for arterial thrombosis at young age. British journal of haematology. 2009;145(1):115-20.

�1. Mezei ZA, Katona É, Kállai J, Bereczky Z, Molnár É, Kovács B, et al. Regulation of plasma factor XIII
levels in healthy individuals; a major impact by subunit B intron K c. 1952+ 144 C> G polymorphism.
Thrombosis research. 2016;148:101-6.

�2. Balogh L, Katona É, Mezei ZA, Kállai J, Gindele R, Édes I, et al. Effect of factor XIII levels and
polymorphisms on the risk of myocardial infarction in young patients. Molecular and Cellular
Biochemistry. 2018;448(1):199-209.

�3. Conlan MG, Folsom AR, Finch A, Davis C, Sorlie P, Marcucci G, et al. Associations of factor VIII and von
Willebrand factor with age, race, sex, and risk factors for atherosclerosis. Thrombosis and haemostasis.
1993;70(03):380-5.

�4. Shukla SD, Velazquez J, French SW, Lu SC, Ticku MK, Zakhari S. Emerging role of epigenetics in the
actions of alcohol. Alcoholism: Clinical and Experimental Research. 2008;32(9):1525-34.

�5. Zakhari S. Alcohol metabolism and epigenetics changes. Alcohol research: current reviews.
2013;35(1):6.

��. Stein E, Cruz-Lemini M, Altamirano J, Ndugga N, Couper D, Abraldes JG, et al. Heavy daily alcohol intake
at the population level predicts the weight of alcohol in cirrhosis burden worldwide. Journal of
Hepatology. 2016;65(5):998-1005.

 

Tables
Table 1  Selected characteristics of the study participants
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Participant’s characteristics (n = 2010) Median (interquartile range)
or (n : n)

Gender Men : Women 747 : 1263

Age (yr) 48.0 (41.0–56.0)

Blood pressure (mmHg) Diastolic 87.0 (78.0–97.0)

Systolic 130 (116–147)

Tobacco use (%) Never (1) 52.7

Former (2) 4.14

Current (3) 42.7

PA index 7.33 (5.79–8.67)

BMI (kg/m2) 22.9 (19.3–28.6)

Waist circumference (cm) 77.5 (70.2–87.7)

Biochemical
markers

HIV status Unaffected : affected (n) 1668 : 326

TC (mmol/L) 4.82 (4.01–5.87)

LDL-C (mmol/L) 2.79 (2.08–3.65)

HDL-C (mmol/L) 1.42 (1.06–1.87)

Triglycerides (mmol/L) 1.08 (0.82–1.55)

HbA1c (%) 5.50 (5.30–5.80)

CRP (mg/L) 3.29 (0.96–9.34)

Total �brinogen (g/l) 2.90 (2.30–5.00)

�brinogen g’ (%) 10.2 (7.14–14.6)

Lag time (min) 6.52 (5.10–7.78)

Slope (x10-03 au/s) 8.90 (6.49–11.9)

Maximum absorbance (nm) 0.42 (0.33–0.52)

CLT (min) 57.2.(50.9–63.8)

GGT (U/l) 46.0 (29.7–88.0)

%CDT 2.67 (1.97–3.59)

GGT-CDT 4.37 (3.76–5.12)

ALT (IU/L) 17.1 (12.0–25.1)

AST (IU/L) 26.0 (19.2–39.0)
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Dietary intake Alcohol intake of consumers (g/day); abstainers :
drinkers (n:n)

11.5±22.7;

824 : 659

Energy (kJ) 7175 (5268–10001)

Protein (%TE) 11.6 (10.4–12.9)

Carbohydrate (%TE) 60.3 (54.2–67.5)

Total fat (%TE) 22.5 (17.4–27.7)

         

#Total sample is 2010, but numbers are slightly different for several variables including alcohol intake due
to missing data.

*p <0.05; **p ≤0.01; ***p ≤0.001

ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; CLT, clot lysis time; CRP,
high sensitivity C-reactive protein; %CDT, percentage carbohydrate de�cient transferrin; GGT, gamma-
glutamyltransferase; GGT-CDT, 0.8 x ln(GGT)+1.3 x ln(%CDT); HbA1c, glycosylated haemoglobin A1c; HDL-C,
high-density lipoprotein cholesterol; HIV, human immunode�ciency virus; LDL-C, low-density lipoprotein
cholesterol; n, number of patients; PA, physical activity; PAI-1act, plasminogen activator inhibitor type-1
activity; TC, total cholesterol; TE, total energy.

Table 2  Correlations (r) of participant characteristics with total and g’ �brinogen concentrations and clot
properties
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Participant’s characteristics
(Whole group)

Total
�brinogen

%
�brinogen
g’

Lag
time

Slope Maximum
absorbance

CLT

Age (yr) 0.16** –0.11*** 0.13*** 0.11*** 0.15*** –0.003

PA index 0.01 –0.06* –
0.20***

0.17*** –0.06* 0.04

BMI (kg/m2) 0.16*** 0.06* –0.006 0.03 0.12*** 0.48**

Waist circumference (cm) 0.14*** 0.06* –0.004 0.02 0.10*** 0.42**

Biochemical
markers

TC
(mmol/L)

0.08*** –0.07** 0.03 0.03 0.06* 0.09***

LDL-C
(mmol/L)

0.13*** –0.03 0.03 0.06** 0.09*** 0.16***

HDL-C
(mmol/L)

–0.08*** –0.13*** 0.04 0.03 –0.01 –
0.19***

Triglycerides
(mmol/L)

0.07** 0.03 –0.03 –
0.07**

0.004 0.20***

HbA1c (%) 0.20*** 0.008 0.008 0.07** 0.12*** 0.20***

CRP (mg/L) 0.42*** –0.07** 0.04 0.22*** 0.42** 0.23***

GGT (U/l) –0.10*** –0.01 0.005;

–0.03

–
0.07**;

–0.01

–0.09***;

–0.05*

–
0.15***;

–
0.19***

–
0.134***

%CDT –0.09*** –0.01 0.006;

–0.009

0.03;

0.09**

–0.04;

0.02

–
0.14***;

–
0.25***

–
0.111***

GGT-CDT –0.14*** –0.007 –0.02;

–0.02

–0.04;

0.03

–0.13***;

–0.04

–
0.30***;

–
0.28***

–
0.162***

ALT (IU/L) –0.11*** 0.02 –0.03;

–0.02

–
0.11***;

–0.14***;

–0.10***

–
0.01***;

–0.07**
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–
0.07**

–0.048*

AST (IU/L) –0.22*** 0.11*** –0.04*;

–0.03

–
0.12***;

–0.04*

–0.18***;

–0.01*

–
0.24***;

–
0.21***

–
0.107***

Alcohol intake (g/day)# –0.09** –0.08* –0.06;

–0.05*

0.04;

0.03

–0.08*;

–0.05*

–
0.18***;

–0.24**

–
0.145***

First r-value is for Spearman correlation; second for Spearman partial correlations of alcohol markers with
clot properties adjusting for �brinogen to determine how alcohol associates with clot properties independent
of �brinogen concentrations; third r-value for Spearman partial correlations of alcohol markers with CLT
adjusting for �brinogen, HbA1c and BMI to determine how alcohol associates with CLT independent of
�brinogen concentrations as well as HbA1c and BMI.

*p <0.05; **p ≤0.01; ***p ≤0.001; # only consumers included

ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; CLT, clot lysis time; CRP,
high sensitivity C-reactive protein; %CDT, percentage carbohydrate de�cient transferrin; GGT, gamma-
glutamyltransferase; GGT-CDT, 0.8 x ln(GGT)+1.3 x ln(%CDT); HbA1c, glycosylated haemoglobin A1c; HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; n, number of patients; PA,
physical activity; r, correlation coe�cient; TC, total cholesterol

 

 

Table 3  FGB, FGA, FGG and FXIII gene polymorphisms’ interactions with alcohol intake/markers in relation
to haemostasis
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Interaction Interaction p-
value

Genotype r p-
value

Slope (y =
mx+c)

CI of slope

QFFQ alcohol intake interactions in relation to maximum absorbance

FGB:
rs7439150

<0.001 AA

AG

GG

–
0.24

–
0.02

–
0.08

0.65

0.83

0.003

–0.008

–0.0004

–0.0004

–0.004; 0.02

–0.002;
0.0001

–0.001; 0

FGB:
rs1800790

<0.001 GG

GA

AA

–
0.08

0.18

*

0.002

0.09

*

–0.0004

0.004

*

–0.001; 0

0.002; 0.006

*

FGG:
rs1049636

0.001 TT

TC

CC

–
0.11

0.05

–
0.16

<0.001

0.31

0.33

–0.0006

0.0007

–0.001

–0; 0.001

0; 0.001

–0.003; 0.001

ALT interactions in relation to total �brinogen

FGB:
rs1800791

0.001 GG

GA

AA

–
0.10

0.02

0.93

<0.001

0.80

0.07

–0.008

0.01

–0.005

–0.02; –0.002

0; 0.02

–0.27; 0.25

FGA: rs6050 0.003 AA

AG

GG

–
0.07

–
0.08

–
0.26

0.08

0.05

0.002

0.006

–0.01

–0.03

–0.003; 0.02

–0.02; –0.003

–0.05; –0.007

FGG:
rs2066865

0.004 CC

CT

TT

–
0.06

–
0.12

–
0.27

0.12

0.01

0.004

0.005

–0.01

–0.03

–0.003; 0.01

–0.02; –0.003

–0.05; –0.001

ALT interactions in relation to maximum absorbance

FGB:
rs1800791

<0.001 GG

GA

–
0.15

<0.001

0.86

–0.001

0.0009

–0.001; –
0.001
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AA 0.01

–
0.65

0.35 –0.005 0; 0.002

–0.04; 0.03

FGG:
rs1049636

0.003 TT

TC

CC

–
0.18

–
0.04

–
0.16

<0.001

0.50

0.33

–0.001

0.0006

–0.002

–0.002; –
0.001

0; 0.001

–0.005; 0.001

FXIII:  rs6003 <0.001 AA

AG

GG

–
0.04

–
0.16

–
0.14

<0.001

<0.001

0.64

0.002

–0.0008

–0.001

0; 0.003

–0.001; 0

–0.002; –
0.001

AST interactions in relation to maximum absorbance

FGB:
rs7439150

<0.001 AA

AG

GG

–
0.13

–
0.16

0.91

<0.001

0.03

0.01

–0.0003

–0.0003

0.0

–0.001; 0

–0.001; 0

–0.008; 0.04

GGT–CDT interactions in relation to total �brinogen

FGB:
rs2227388

0.001 AA

AG

GG

–
0.06

–
0.03

–
0.51

0.03

0.55

0.001

–0.11

–0.16

–3.14

–0.23; 0.003

–0.49; 0.18

–14.9; 8.63

A, adenine; ALT, alanine transaminase; AST, aspartate aminotransferase; C, cytosine; CDT, carbohydrate
de�cient transferrin; FGA, �brinogen alpha chain; FGB, �brinogen beta chain; FGG, �brinogen gamma chain;
G, guanine; GGT, gamma-glutamyltransferase; GGT-CDT, 0.8 x ln(GGT)+1.3 x ln(%CDT); QFFQ, quantitative
food frequency questionnaire; rs, reference sequence; T, thymine

* Strati�cation according to rs1800790 resulted in too few individuals to perform analysis.
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