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Abstract

‘Measurement of serum concentrations of various liver enzymes and other non-
enzymatic proteins and metabolites of heme metabolism (e.g., bilirubin) is often
undertaken in clinical practice. Measurement of these ‘liver function tests’ (LFTs) is
simple, quick and relatively inexpensive. However, interpreting the LFT results in
patients without evidence of liver disease is often challenging. Concentrations of some
of liver enzymes, such as gamma-glutamyltransferase or alkaline phosphatase, and
concentrations of liver-derived metabolites, such as bilirubin, may be influenced by
metabolic processes beyond the liver, sometimes making interpretation of the test
results very difficult. This scenaric frequently occurs both in individuals at risk of
cardiovascular disease (CVD) and in patients with known CVD, often resulting in the
clinicians ignoring the test results. In this brief review, we discuss the evidence for
associations between key serum LFTs and CVD risk and where associations are
robust, we provide an interpretation for possible mechanistic links between the LFT
and CVD.



Introduction

Serum measurements of  liver-derived enzymes, non-enzymatic proteins and
metabolites of liver metabolism (colloquially known as ‘liver function tests’ or ‘|.LF1s")
are frequently measured in clinical practice. However, more often than not, in patients
without liver disease, interpréeting the results can be difficult. The panel of LFTs usually
reflect the standardised batch of tests measured by the laboratory auto-analyser and
‘ticking’ the box to request measurement of this panel of tests is all too easy. The
standardised batch of LFTs usually comprises alanine aminotransferase (ALT) [and
sometimes, aspartate aminotransferase (AST)], alkaline phosphatase (ALP), gamma-
glutamyltransferase (GGT), other non-enzymatic proteins (e.g., albumin) and
metabolites of heme metabolites such as bilirubin. Subtle abnormalities of LFTs are
very common in patients at risk of, and with, cardiovascular disease (CVD).

In this brief review, we discuss the evidence for associations and potential mechanistic
links between altered serum concentrations of frequently measured LFTs and the risk
of CVD. (For abnormalities of serum albumin concentration, since this most often
involves serious renal disease and CVD, and because of the imposed word I|m|t we
have omitted discussion of albumln and CVD). '

Gamma-glutamyltransferase (GGT)

What is GGT?

Serum GGT is a glycoprotein consisting of two proteins, the larger chain with a
moiecular weight of 46,000 Da and the smaller one with a molecular weight of 22,000
Da." The exact protein structure and pattern and regulation of gene expression are not
well understood, but expression of GGT occurs in many tissues besides the liver,
including placenta, lung and pancreas.? GGT is an important enzyme that hydrolyses
giutathione into glutamate and a cysteinyl-glycine dipeptide, and inside the cell, the
amino acids are subsequently reused, producing additional reduced glutathione, and
as such elevated serum GGT concentrations are often considered an indirect measure
of increased oxidative stress.’

Associations between GGT and CVD risk

Increased serum GGT levels were first shown to be associated with all-cause and
CVD mortality in the British Regional Heart Study in 1995, This study evaluated 7,613
older men over 11.5 years in England, Wales and Scotland. GGT levels were strongly
associated with all-cause mortality, largely due to a significant increase in deaths from
coronary heart disease (CHD) and other non-cardiovascular disease causes, i.e., non-
cancer deaths, in the top quintile of the GGT distribution.* A recent systematic review
and meta-analysis of published prospective cohort studies evaluating the associations
of baseline GGT levels with all-cause mortality in 19 cohort studies with aggregate
-data on over 9.24 million participants and 242,953 all-cause mortality outcomes
showed that there was a 60% increase in relative risk in the highest tertile of GGT
levels.® The pooled relative risk showed a 7% increase in risk per 5 U/L mcrement in



GGT levels. In middle-aged and older people (=55 years) from the population-based
Rotterdam Study, parttcrpants with GGT in the top 5% had a 55% increase in risk for
all-cause mortality.® Another recent meta-analysis of seven studies with 273,141
participants showed a 56% increase in all-cause mortality for the highest vs. lowest
GGT quartile. Although a similar overall association was observed for CVD morta[ity,
in sub-group analyses the association was not significant in the Asian subgroups.” To
date, there are also fewer data in different ethnic groups and there are some
conflicting data in Asian populations.2™ Thus, there may be ethnic differences
affecting the relationships between GGT and organ-specific mortality outcomes.

The above-mentioned meta-analysis also showed a pooled relative risk for the highest
~ vs. lowest GGT quartile of 1.52 (95% confidence interval 1.36-1.70) for CVD mortality
and, importantly, there was considerable heterogeneity in the thresholds of GGT
concentratlon that defined the highest GGT quartile and these ranged from >22 IU/L to
>56 1U/L.” Results involving 10 prospective studies showed that a change of 1 [U/L of
GGT was associated with a fully adjusted hazard ratio (HR) of 1.20 (1.02-1.40) for
CHD and a HR of 1.54 (1.20-2.00) for stroke, respectively.'’ However, once again
heterogeneity was noted between studies. The relatlonshlp between GGT and CVD
risk has been also discussed by Ghouri ef al.'? These authors commented that the
association between elevated GGT and CVD mortality was stronger in younger
~individuals. _

Although recent evidence suggests that mildly elevated levels of GGT were an
independent predictor of CVD mortality, and this association was independent of
alcohol'intake, there is limited data to date to indicate this effect is independent of non-
alcoholic fatty liver disease (NAFLD). A recent Cochrane review has assessed the
‘current evidence for the efficacy of statin therapy inNAF LD." Based on the findings of
this review the effect of statins on GGT levels remains uncertain. Recent data suggest
~-that addition of GGT concentration to conventional risk factors does not substantially
improve CVD risk prediction.*'®

Emerging evidence indicates that four different sub- fractlons of GGT (named 'big/,
‘medium’, ‘small’ and ‘free’) exist in human blood.'® Interesting recent work from the
same group of investigators shows that_EeveIs of the various sub-fractions correlate
differentially with individual CVD risk factors.!” For example, in the Framingham Heart
Study cohort,’”” ‘big’ GGT levels correlated positively with plasma triglycerides,
‘whereas body mass index, blood pressure, glucose and triglyceride levels correlated
positively with both ‘big” and ‘free’ GGT concentrations. However, to date the precise
pathophysiological role of the different GGT sub-fractions remains uncertain.

Potential mechanisms linking GGT and CVD risk

On the cellular membrane and in the extracellular space, the cysteinylglycine moiety
can act as a strong reducing agent of |ron with the stepw:se development of the
super-oxide ion and hydrogen peroxide.! GGT located in arterial atheromatous
plagues has been shown to promote the LDL oxidation through a redox reaction and
lead to the further development of atheroclerotic plaques.'® It has been proposed that
the hgdrolysis of glutathione produces cysteinylglycine, which is a powerful reductant
of Fe™ which is present within the atheroclerotic plaque. This leads to the production



of Fe?*, and a free thiy! radical. Thereafter, oxygen reactive species, produced from
the same reaction, contribute to a pro-oxidant effect, leading to LDL oxidation and
likely contributing to other processes, such as metalloproteinase activation, cell
proliferation, and apoptosis.' Again, recent experimental data indicate the presence in
human carotid plaques of a serum-like GGT protein.'® These data suggest that a direct
contribution of serum GGT to enzyme activity is possible within atherosclerotic lesions.
Furthermore, the data confirm the occurrence of GGT-mediated redox reactions within
the plaque environment, and the data emphasize that is plausible that these reactions
could influence changes in the atherosclerotic plaque.'® Thus, there are mechanistic
data suggesting that GGT may have a direct role in promoting atherosclerotic plaque
development. It has been also been hypothesized that GGT can mark exposure to
various environmental pollutants that are capable of causing oxidative stress. 2%

Bilirubin
What is bilirubin?

Degraded red blood celis release heme, which is broken down by heme oxygenase to
~ biliverdin, which in turn is reduced by biliverdin reductase into the hydrophobic
compound bilirubin. Free, or unconjugated bilirubin, is a lipid-soluble molecule that
must be made water-soluble to be excreted. Unconjugated bilirubin is carried by
albumin to the liver, where it is conjugated into a water-soluble form by hepatic
glucuronyl-transferase. The hepatic enzyme UDP-glucuronosyltransferase 1
(UGT1A1) converts bilirubin to a soluble (conjugated) form suitable for renal and
biliary elimination.”” UGT1A1 is also responsible for glucuronidation of many other
vasoactive small lipophilic molecules, hormones and drugs that may affect the
vasculature ? ‘

| Associations between bilirubin and CVD risk

Increased levels of total bilirubin (TB) may confer protection against CVD. A meta-
analysis of eleven studies published over 10 years ago showed an unambiguous
inverse relationship between TB levels and atherosclerosis.?* More recently, in a meta-
analysis of 12 population-based prospective studies, involving a total of 173,360
participants with 9,385 incident CVD cases, the pooled multivariate-adjusted relative
risk for CVD was 0.93 (0.90-0.97; P<0.001) per 1-standard deviation increase in TB.
The corresponding pooled relative risks for CHD and stroke were 0.95 (0.92-0.99;
P=0.018) and 0.93 (0.88-0.98; P=0.008), respectively. Results remained consistent
across several clinically relevant subgroups and at different levels of risk factors.?® TB
levels have been shown to be inversely associated with the Framingham Risk score
and with the prevalence of metabolic syndrome.?**" A small number of studies have
also suggested that higher TB is associated with a lower risk of prevalent vascular
disease. For example, data from the National Health and Nutrition Examination Survey
1999-2004 suggested that increased TB is associated with decreased peripheral
arterial disease prevalence.®® Increased TB is also associated with decreased
prevalence and incidence of stroke,?®*° and bilirubin might confer some protective
function against stroke risk in men.*® TB has also been shown to be negatively
correlated with arterial stiffness in men with established CHD,*' and it has been



suggested that lower TB is associated with increased risk of coronary artery calmum
(CAC).*?* In 2012, further evidence for a beneficial role of TB in protecting against
CVD events was provided by a large UK primary care based study. After conventional
risk factors were accounted for, the regression models predicted that, compared with
patients with a TB fevel of 0.70 mg/dL, those with a similar CVD risk profile, but a TB
level of only 0.35 mg/dL had an 18% higher risk of any CVD event, a 34% higher risk
of myocardial infarction, and a 33% higher risk of death resulting from any cause.**

In healthy European populations, common genetic variation of the UGTTA7 promoter
region explalns =45% to 50% of the total variability in TB and conjugated bilirubin
levels.*® From the results of Mendelian randomization studies, it is uncertain whether
genetic variation in UGT1AT {ypical of Gilbert syndrome is associated with variable
risk of CHD. In support of there being a causal link between higher TB levels and
-reduced CHD risk, a prospective study involving 1,780 individuals from the
Framingham Heart Study Offspring cohort found that UGT7A7 polymorphism resulting
in higher bilirubin levels was associated with lower risk of CHD. Homozygote
UGT1A1*28 allele carriers with higher bilirubin had a lower risk of CHD.*® However, in
contrast, some other studies have failed to show the same association between
UGT1A1 polymorphism and CHD.*”*® Whether these smaller prospective studies
were lacking power to detect an association is uncertain, but we suggest that larger
Mendelian randomization: studies are now needed to test whether common genetic
variation of the UGT71A7 promoter region (that explains close to half of variability in
conjugated bilirubin levels) predicts CHD risk. The precise relationship between
polymorphisms in the UGT1AT gene and TB levels is also unclear. In a small study of
Korean individuals, the effect of UGT7A7 polymorphisms on TB has been reported.
These data showed that a threshold TB level of >1.3 mg/dL was found in
approximately 5% of the Korean population and levels of TB >1.3 mg/dL were caused
by two of the 10 haplotypes based on different combinations of three polymorphisms
of the UGT1A1 gene:** However, it should be noted that bilirubin metabolism is subtly
different in Asians compared with Caucasmns because both ethnic groups tend to
have different UGT1A1 polymorphisms.*’

CAC scoring with cardiac compuied fomography is a sensitive method to demonstrate
the presence of subclinical atherosclerosis and to identify individuals at increased risk
of CHD.** We have reported that the relationship between conjugated bilirubin and
-.CAC score is as strong as any relationship between total/unconjugated bilirubin and
CAC score.”® Consequently, in attempting to better understand the nature of any
causal relationship between CVD and serum TB levels, it remains uncertain whether
conjugation of bilirubin or absence of conjugation of bilirubin is the more important in
conferring any protection against CVD. Recent data suggest that addition of TB
concenfration to conventional risk factors does not significantly improve CVD risk
prediction in the general populatlon

Potential mechanisms linking bilirubin and CVD risk

Bilirubin is a known potent anti-oxidant,® and although both unconjugated and
conjugated bilirubin are both effective as anti-oxidants, it has been suggested that
unconjugated bilirubin is a stronger anti-oxidant than conjugated bilirubin.*® Bilirubin
modulates signaling pathways regulatmg inflammation and affects apoptosis, cell
proliferation, and immune responses;*® and for over 50 years, it has been known that



bilirubin powerfully scavenges peroxyl radicals generated under low oxygen tension,
which often occurs in pathophysiological states.*” Although the precise mechanisms
by which bilirubin might confer benefit for CVD are still a subject for debate, the most
frequently postulated mechanisms of benefit are bilirubin-mediated inhibition of lipid
oxidation, bilirubin-mediated inhibition of immune reactions and inflammatory
processes, and bilirubin as a marker reflecting enhanced heme oxygenase-1
activity *%4°

Aminotransferases and alkaline phosphatase (ALP)

What are aminotransferases and ALP?

Serum levels of ALT, AST and ALP are common liver enzymes that are frequently -
increased with liver injury. ALT and AST are transaminases that catalyze the transfer of
amino groups to generate products in gluconeogenesis and amino acid metabolism.
ALP is a glycosylphosphatidylinositol-anchored ectophosphomonoesterase that is
mainly expressed in liver, bone and intestine. ALP is capable of hydrolytic
phosphatase and transphosphorylase activity on host-derived nucleotides such as
adenosine triphosphate, adenosine diphosphate and uridine diphosphate.®

Associations bhetween aminofransferases and CVD risk

The association between serum aminotransferases and the risk of CVD events
appears somewhat weaker than that observed for GGT. Data from the Framingham
Offspring Heart Study showed that 1-standard deviation higher log ALT at baseline
was associated with an increased risk of CVD events in age/sex-adjusted models after
20 years of follow-up (HR 1.23, 1.12-1.34; P<0.0001), but this was attenuated in
multivariable adjusted models (adjusted- HR 1.05, 0.96-1.16; P=0.27). AST was not
associated with an increased risk of CvD.*!

Among the US adult participants in the Third National Health and Nutrition
Examination Survey, there was no significant association between ALT and the risk of
all-cause and CVD mortality over the 12-year follow-up period in multivariate-adjusted
analyses.% Similar findings were observed using data from the Busselton Health
Study in Western Australia.”® Conversely, mildly elevated ALT was independently
associated with increased CVD mortality in a cohort of 37,085 Korean individuals, who
were followed for a median period of 5 years.** Again, among the 1,439 Hoorn Study
participants, the association between ALT and CHD events remained significant after
adjustment for traditional risk factors and metabolic syndrome traits.>

Recently, a comprehensive systematic review and meta-analysis of 29 pepulation-
based cohort studies with aggregate data on over 1.23 million participants and 20,406
CVD outcomes has confirmed that there was no strong evidence for any associations
of serum aminotransferases with CVD events.® However, stratified analysis by cause-
specific CVD endpoints showed that ALT was somewhat inversely associated with
CHD and positively associated with stroke.”® This observation might be due to different
effects of ALT levels on CVD risk factors (since vascular outcomes may somewhat
have diverse etiologies) or to limited statistical power to detect cause-specific CVD
endpoints. Subgroup findings were also suggestive of a positive association of ALT



with CVD events in Asian populations, and poésible negative associations in North
American and European populations.®®

Associations between ALP and CVD risk

In a prospective study of 3,381 older British men without history of myocardial
infarction or stroke, total ALP but not serum phosphate was associated with an 11-year
increased risk of CHD events, which persisted after adjustment for traditional risk
factors and inflammatory biomarkers and after exclusion of men with chronic kidney
disease [adjusted-HR per 1-standard deviation increase in log baseline levels of ALP,
1.10 (1.01, 1.21); P=0.04].*" .

Similarly, multivariable-adjusted associations between higher total ALP and risk of all-
cause and CVD mortality were observed both in the general population and in
survivors of myocardial infarction.®® Again, higher total ALP was an independent
predictor of mortality, myocardial infarction, and stent thrombosis in CHD patients who
underwent percutaneous coronary intervention with drug-eluting stent.*®

Notably, the above-mentioned meta-analysis of 29 population-based cohort studies
with aggregate data on over.1.23 million participants and 20,406 CVD outcomes (but
that included only 4 prospective studies with ALP measurements available) confirmed
that higher baseline ALP levels were independently associated with CVD events in a
log-linear manner; the pooled fully adjusted relative risk for CVD was 1.08 (1.03-1.14)
per 1-standard deviation increase in log baseline levels of ALP.* This large-scale data
suggests that circulating ALP level is modestly and log-linearly associated with first-
ever CVD outcomes in the general population. -

Potential mechanisms linking aminotransferases and ALP to CVD risk

Mechanisms postulated for the increased risk of CVD mortality with elevated
aminotransferase levels include the presence of unrecognized liver diseases (mainly
NAFLD), which increase the risk of CVD mortality, as liver diseases are generally
asymptomatic until there are complications of advanced disease.®®®* To date, NAFLD
is becoming one of the most common causes of chronic liver disease worldwide, and
is' now a major cause of liver-related morbidity and mortality. However, it has been
recently shown that the clinical burden of NAFLD is not only confined to liver-related
morbidity and meortality, but there is now growing evidence that NAFLD is also
associated with an increased risk of developing CVD, type 2 diabetes and other
important extra-hepatic complications.®>®? However, it is important to note that most
patients with NAFLD have fairly normal serum aminotransferases.®’®? This suggests
that serum aminotransferase levels are insensitive markers for the detection of NAFLD
and that the “normal” reference values for serum aminotransferases (and other LFTs)
currently used to exclude NAFLD need to be challenged and revised.’"® To date,
limited research has deeply examined how the coexistence of NAFLD may affect the
relationship between the levels of aminotransferases (or other LFTs) and the risk of
CVD events. Elevated aminotransferase levels have also been implicated with
increased risk of CVD via underlying endothelial dysfunction, inflammation and
impaired hemostasis.®®' Indeed, studies have shown that aminotransferase levels,
albeit within the reference range, are associated with both circulating biomarkers of
inflammation and markers of subclinical atherosclerosis, such as increased CAC



score, Iincreased carotid intima-media thickness and circulatory endothelial
dysfunction, independently of conventional risk factors. However, no data are available
about the potential impact of changes (induced by lifestyle modification or drugs) in
circulating levels of aminotransferases and other LFTs per se on these CVD
endpoints. The mechanisms for the inverse associations between ALT and CHD risk
are not clear, but reduced functionality of the liver in the presence of iow ALT levels
has been postulated or it could be that ALT may simply be a marker of an underlying
aetiology.®'®* '

The excess CVD risk associated with tofal ALP has been suggested to be via
mechanisms correlated to vascular calcification through increased bone metabolism
and impaired vascular homoeostasis.’®® However, it has been also postulated that
the association between total ALP and CVD is unrelated to mineral metabolism, but
instead represents confounding by another characteristic that increases CVD mortality,
such as decreased kidney function, inflammation or subclinical liver dysfunction.®**!
Further studies are needed to better elucidate these mechanisms.

Conclusions

Mildly elevated GGT levels are independently associated with an increased risk of
~ future CVD events in most published studies and it is most likely from the available
evidence that mildly elevated GGT levels are a marker not only of an unrecognized
liver disease but also of increased oxidative stress. Further work is needed to
understand better the relationship between TB levels and CVD risk, and also to
elucidate whether there is a beneficial effect of increased levels of glucuronidation, a
process that also affects many small bio-active molecules that influence vascular
function and thereby potentially influence develop of CVD. Nonetheless, irrespective
of  whether GGT, TB and other LFT concentrations are simple markers (or
ephiphenomena) of coexisting CVD risk factors or have a causal role in the aetiology
of CVD (Figure 1), réecent data from some population-based cohort studies suggest
that addition of information on either GGT or TB to conventional risk factors provide no
improvement in CVD risk prediction.'*'>?° If confirmed by further prospective, well-
designed studies, these findings would support the notion that concentrations of TB
and liver enzymes have limited clinical utility for improving current CVD risk prediction
models in the general population. Although concentrations of TB and liver enzymes do
not identify high risk subgroups (with liver disease) for CVD (e.g., patients with
NAFLD), we suggest further research is needed to assess whether in patients with
diagnosed NAFLD, serum TB and liver enzyme concentrations may have any clinical
utility to improve CVD risk prediction.

Reference List

(1) Mason JE, Starke RD, Van Kirk JE. Gamma-glutamyl transferase: a novel
cardiovascular risk biomarker. Prev Cardiol 2010;13:36-41.

(2) Jiang S, Jiang D, Tao Y. Role of gamma-glutamyltransferase in cardiovascular
diseases. Exp Clin Cardiol. 2013;18:53-56. '

(3) Lee DH Blomhoff R, Jacobs DR, Jr. Is serum gamma glutamyltransferase a marker of
oxidative stress? Free Radic Res. 2004;38:535-539.



(4)

®)

(6)

(@)

@

9

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Wannamethee G, Ebrahim S, Shaper AG. Gamma-glutamyltransferase: determinants
and association with mortality from ischemic heart disease and all causes. Am J
Epidemiol. 1995;142:699-708.

Kunutsor SK, Apekey TA, Seddoh D, Walley J. Liver enzymes and risk of all-cause
mortality in general populations: a systematic review and meta-analysis. Int J

‘Epidemiol. 2014;43:187- 201

Koehler EM, Sanna D, Hansen BE, van Rooij FJ, Heeringa J, Hofman A, Tiemeier H,
Stricker BH, Schouten JN; Janssen HL. Serum liver enzymes are associated with all-

- cause mortality in an elderly population. Liver Inf. 2014;34:296-304.

Du G, Song Z, Zhang Q. Gamma-glutamyltransferase is associated with
cardlovascular and all-cause mortality: a meta- analyS|s of prospective cohort studies.
Prev Med. 2013;57:31-37. :

Targher G. Elevated serum gamma-giutamyltransferase activity is associated with
increased risk of mortality, incident type 2 diabetes, cardiovascular events, chronic
kidney disease and cancer - a narrative review. Clin Chem Lab Med. 2010;48:147-157.

Kengne AP, Czernichow S, Stamatakis E, Hamer M, Batty GD. Gamma-
glutamyltransferase and risk of cardiovascular disease mortality in people with and
without diabetes: pooling of three British Health Surveys. J Hepatol. 2012 57:1083-

11089.

Du G, Song Z Zhang Q. Gamma-glutamyltransferase is - associated with
cardiovascular and all-cause mortality. A meta-analysis of prospective cohort studies.
Prev Med. 2013;57:31-37.

Fraser A, Harris R, Sattar N, Ebrahim S, Smith GD, Lawlor DA, Gamma-
glutamyltransferase is associated with incident vascular evenis independently of
alcohol intake: analysis of the British Women's Heart and Health Study and Meta-
Analysis. Arterioscler Thromb Vasc Biof. 2007;27:2729-2735.

Ghouri N, Preiss D, Sattar N. Liver enzymes, nonalcoholic fatty liver disease, and
incident cardlovascular disease: a narrative review and clinical perspectlve of
prospective data. Hepatology. 2010;52:1156-1161. :

Eslami L, Merat S, Malekzadeh R, Nasseﬁ—Moghaddam S, Aramin H. Statins for non-
alcoholic fatty liver disease and non-alcoholic steatohepatitis. Cochrane Database Syst
Rev. 2013;12:CD008623.

Kunutsor SK, Bakker SJ, Kootstra- Ros JE, Gansevoort RT, Dullaart RP. Circulating
gamma-glutamyltransferase and prediction of cardiovascular disease. Atheroscleros:s
2015;238:356-364.

Kengne AP, Czernichow S, Stamatakis E, Hamer M, Batty GD. Gamma-
glutamyltransferase and risk of cardiovascular disease mortality in people with and
without diabetes: pooling of three British Health Surveys J Hepatol. 2012;57:1083-
1089.

Franzini M, Ottaviano V, Fierabracci V, Bramanti £, Zyw L, Barsacchi R, Scatena F,
Boni C, Mammini C, Passino C, Pompella A, Emdin M, Paolicchi A. Fractions of
plasma gamma-glutamyltransferase in healthy individuals: reference vaiues. Clin Chim
Acta. 2008;395:188-189.

10



(17)

(18)

(19)-

(20)
(21)
(22)

(23)

(24)
(25)
(26)
(27)

(28)

(29)

(30)

Franzini M, Fornaciari |, Rong J, Larson MG, Passino C, Emdin M, Paclicchi A, Vasan
RS. Correlates and reference limits of plasma gamma-glutamyltransferase fractions
from the Framingham Heart Study. Clin Chim Acta. 2013 18;417:19-25.

Emdin M, Pompella A, Paolicchi A. Gamma-glutamyltransferase, atherosclerosis, and
cardiovascular disease: triggering oxidative stress within the plaque. Circulation.
2005;112:2078-2080.

Franzini M, Corti A, Martinelli B, Del Corso A, Emdin M, Parenti GF, Glauber M,
Pompella A, Paolicchi A. Gamma-glutamyltransferase activity in human atherosclerotic
plaques--biochemical similarities with the circulating enzyme. Atherosclerosis.
2009;202:119-127.

Lee DH, Steffes MW, Sjodin A; Jones RS, Needham LL, Jacobs DR, Jr. Low dose
organochlorine pesticides and polychiorinated biphenyls predict obesity, dyslipidemia,
and insulin resistance among people free of diabetes. PLoSONE. 2011;6:215977.

Lee DH, Gross MD, Steffes MW, Jacobs DR, Jr. Is serum gamma-glutamyltransferase
a biomarker of xenobiotics, which are conjugated by glutathione? Arterioscler Thromb
Vasc Biol. 2008;28:e26-e28.

Bosma PJ, Seppen J, Goldhoorn B, Bakker C, Oude Elferink RP, Chowdhury JR,
Chowdhury NR, Jansen PL. Bilirubin UDP-glucuronosyltransferase 1 is the only
relevant bilirubin glucuronidating isoform in man. J Biol Chem. 1994;269:17960-17964.

Bigo C, Caron S, Dallaire-Theroux A, Barbier O. Nuclear receptors and endobiotics

glucuronidation: the good, the bad, and the UGT. Drug Metab Rev. 2013;45:34-47.

Novotny L, Vitek L. Inverse relationship between serum bilirubin and atherosclerosis in
men: a meta-analysis of published studies. Exp Biol Med (Maywood). 2003;228:568-
571. '

Kunutsor SK, Bakker SJ,' Gansevoort RT, Chowdhury R, Dultaart RP. Circulating total
bilirubin and risk of incident cardiovascular disease in the general population.
Arterioscler Thromb Vasc Biol. 2015;35:716-724.

Kim KM, Kim BT, Park SB, Cho DY, Je SH, Kim KN. Serum total bilirubin concentration
is inversely correlated with Framingham risk score in Koreans. Arch Med Res.
2012;43:288-293. '

Lin LY, Kuo HK, Hwang JJ, Lai LP, Chiang FT, Tseng CD, Lin JL. Serum bilirubin is
inversely associated with insulin resistance and metabolic syndrome among children
and adolescents. Atherosclerosis. 2009;203:563-568.

Peristein TS, Pande RL, Beckman JA, Creager MA. Serum totai bilirubin level and
prevalent lower-extremity peripheral arterial disease: National Health and Nutrition
Examination Survey (NHANES) 19899 to 2004. Arterioscler Thromb Vasc Biol
2008;28:166-172.

Perlstein TS, Pande RL, Creager MA, Weuve J, Beckman JA. Serum total bilirubin
level, prevalent stroke, and stroke outcomes: NHANES 1999-2004. Am J Med.
2008;121.781-788.

Kimm H, Yun JE, Jo J, Jee SH. Low serum bilirubin level as an independent predictor
of stroke incidence: a prospective study in Korean men and women. Sfroke.

i1



31)

(32)

(33)

2009:40:3422-3427.

Zhu C, Xiong Z, Zheng Z, Chen Y, Chen X, Qian X. Association of arterial stiffness with
serum bilirubin levels in established coronary artery disease. /nfern Med.
2012;51:2083-2089.

Tanaka M, Fukui M, Tomiyasu K, Akabame S, Nakano K, Hasegawa G, Oda Y,
Nakamura N. Low serum bilirubin concentration is associated with coronary artery
calcification (CAC). Atherosclerosis. 2009;206:287-291.

-Zhang ZY, Bian LQ, Kim SJ, Zhou CC, Choi YH. Inverse relation of total serum bilirubin

to coronary artery calcification score detected by multidetector computed tomography

~in males. Clin Cardiol. 2012;35:301-3086.

(34)

(39)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

Horsfali LJ, Nazareth [, Petersen |. Cardiovascular events as a function of serum
bilirubin levels in a large, statin-treated cohort. Circulation. 2012;126:2556-2564.

Borucki K, Weikert C, Fisher E, Jakubiczka S, Luley C, Westphal S, Dierkes J.
Haplotypes in the UGT1A1 gene and their role as genetic determinants of bilirubin
concentration in healthy German volunteers. Clin Biochem. 2009,42:1635-1641.

Lin JP, O'Donnell CJ, Schwaiger JP, Cupples LA, Lingenhel A, Hunt SC, Yang S,
Kronenberg F. Association between the UGT1A1*28 allele, bilirubin levels, and
coronary heart disease in the Framingham Heart Study Circulation. 2006;114:1476-
1481.

Bosma PJ, van der Meer IM, Bakker CT, Hofman A, Paul-Abrahamse M, Witteman JC.
UGT1A1*28 allele and coronary heart disease: the Rotterdam Study Clin Chem.
2003;49:1180-1181.

Rantner B, Kollerits B, Anderwald-Stadler M, Klein-Weigel P, Gruber 1, Gehringer A,
Haak M, Schnapka-Kopf M, Fraedrich G, Krenenberg F. Association between the
UGT1A1 TA-repeat polymorphism and bilirubin concentration in patients with
intermittent claudication: results from the CAVASIC study. Clin Chem. 2008;54:851-
857.

Gajdos V, Petit FM, Perret C, Mollet-Boudjemline A, Colin P, Capel L, Nicaud V, Evans
A, Arveiler D, Parisot F, Francoual J, Genin E, Cambien F, Labrune P. Further evidence
that the UGT1A1*28 allele is not associated with coronary heart disease: The ECTIM
Study. Clin Chem. 2006;52:2313-2314.

Ki CS, Lee KA, Lee SY, Kim HJ, Cho 88, Park JH, Cho S, Sohn KM, Kim JW.
Haplotype structure of the UDP-glucuronosyltransferase 1A1 (UGT1A1) gene and its
relationship to serum total hilirubin concentration in a male Korean population. Clin
Chem. 2003;49:2078-2081.

Seppen J, Bosma P. Bilirubin, the gold within. Circulation. 2012;126:2547-2549.

Budoff MJ, Achenbach S, Blumenthal RS, Carr JJ, Goldin JG, Greenland P, Guerci AD,

Lima JAC, Rader DJ, Rubin GD, Shaw LJ, Wiegers SE. Assessment of coronary artery

disease by cardiac computed tomography - A scientific statement from the American

Heart Association committee on cardiovascular imaging and intervention, council on

cardiovascular radiology and intervention, and Committee on Cardiac Imaging, Council -
on Clinical Cardiology. Circulation. 2006;114:1761-1791.

12



(43)

{(44)

(45)

(46)
(47)
(48)
(49)
(50)

(61)

(52)

(53)

(54)

(5%

(56)

(57)

Sung KC, Shin J, Lim YH, Wild SH, Byrne CD. Relation of conjugated bilirubin
concentrations to the presence of coronary artery- calcium. Am J Cardiol.
2013;112:1873-1879.

Kontush A, Spranger T, Reich A, Djahansouzi S,' Karten B, Braesen JH, Finckh B,
Kohlschutter A, Beisiegel U. Whole plasma oxidation assay as a measure of lipoprotein
oxidizability. Biofacfors. 1997,6:99-109.

Wu TW, Fung KP, Wu J, Yang CC, Weisel RD. Antioxidation of human low density
lipoprotein by unconjugated and conjugated b|||rub|ns Biochem Pharmacol.
1996;51:859-862.

Ryter SW. Bile pigments in pulmonary and vascular disease. Front Pharmacol
2012;3:39.

Baranano DE, Rao M, Ferris CD, Snyder SH. Biliverdin reductase: a major physiclogic
cytoprotectant. Proc Natl Acad Sci USA. 2002;99:16093-16098.

Franchini M, Targher G, Lippi G. Serum bilirubin levels and cardiovascular disease risk:
a Janus Bifrons? Adv Clin Chem. 2010:50:47-63. :

Targher G. Risk of ischemic stroke and decreased serum bilirubin levels: is there a
causal link? Arterioscler Thromb Vasc Biol. 2014,34.702-704.

Poupon R. Liver alkaline phosphatase: a missing link between choleresis and biliary'
inflammation. Hepatology. 2015. doi: 10.1002/hep.27715 [Epub ahead of print].

Goessling W, Massaro JM, Vasan RS, D'Agostino RB, Sr., Ellison RC, Fox CS.
Aminotransferase levels and 20-year risk of metabolic syndrome dlabetes and
cardiovascular disease. Gasfroenterology. 2008;135:1935-1944.

Ruhl CE, Everhart JE. Elevated serum alanine ammotransferase and gamma-

. glutamyltransferase and mortality in the Unlted States population. Gastroenterology.

2009;136:477-485.

Olynyk JK, Knuiman MW, Divitini ML, Davis TM, Beilby J, Hung J. Serum alanine
aminotransferase, metabolic syndrome, and cardiovascular disease in an Australian
population. Am J Gastroenterol. 2009;104:1715-1722.

Yun KE, Shin CY, Yoon YS, Park HS. Elevated alanine aminotransferase levels predict
mortality from cardiovascular disease and diabetes in Koreans. Atherosclerosis. -
2009;205:533-537. '

Schindhelm RK, Dekker JM, Nijpels G, Bouter LM, Stehouwer CD, Heine RJ, Diamant
M. Alanine aminotransferase predicts coronary heart disease events: a 10-year follow-
up of the Hoorn Study. Atherosclerosis. 2007;191:391-396.

Kunutsor SK, Apekey TA, Khan H. Liver enzymes and risk of cardiovascular disease in
the general population: a meta-analysis of prospective cohort studies. Atherosclerosis.
2014;236:7- 17

Wannamethee SG, Sattar N, Papcosta O, Lennon L, Whincup PH. Alkaline

phosphatase, serum phosphate, and incident cardiovascular disease and total
mortality in older men. Arterioscler Thromb Vasc Biol. 2013,33:1070-1076.

13



(58)

(59)

(60)

61)

(62)

(63)

Tonelli M, Curhan G, Pfeffer M, Sacks F, Thadhani R, Melamed ML, Wiebe N, Muntner
P. Relation between alkaline phosphatase, serum phosphate, and all-cause or
cardiovascular mortality. Circufation. 2009;120:1784-1792.

Park JB, Kang DY, Yang HM, Cho HJ, Park KW, Lee HY, Kang HJ, Koo BK, Kim HS.
Serum alkaline phosphatase is a predictor of mortality, myocardial infarction, or stent
thrombosis after implantation of coronary drug-eluting stent. Eur Heart J. 2013;34:920-
931. '

Targher G, Day CP, Boncora E. Risk of cardioVascul_ar disease in patients with
nonalcoholic fatty liver disease. N Engl J Med. 2010;363:1341-1350.

Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus,
cardiovascular disease or cirrhosis. Nat Rev Gastroenterol Hepatol. 2013;10:330-344.

Byrne CD, Targher G. Ectbpic fat, insulin resistance, and nonalcoholic fatty liver
disease: implications for cardiovascular disease. Arferioscler Thromb Vasc Biol.
2014;34:1155-1161.

Marchesini G, Targher G. Commentary: Liver enzymes and the risk of adverse
cardiovascular outcomes-—the lower, the better? int J Epidemiol. 2011;40:1539-1541.

14



SIGNIFICANCE (word count: 145)

Serum measurements of various liver-derived enzymes and bilirubin {colloquially
known as ‘liver function tests’ or LFTs) are frequently measured in clinical practice.
This review focuses on the associations between abnormal levels of LFTs and risk of
cardiovascular disease (CVD). Mildly elevated gamma-giutamyitransferase levels are
independently associated with future CVD events in most published studies. The
association between serum aminotransferases and CVD risk appears somewhat
weaker than that observed for gamma-glutamyltransferase. Increased levels of
alkaline phosphatase are modestly associated with first-ever CVD outcomes in some
studies. Lower levels of total bilirubin are independently associated with an increased
risk of CVD events. It is unclear whether abnormal levels of these LFTs are simply
markers or causal risk factors for CVD. Recent data from population-based studies
suggest that addition of information on either gamma-glutamyltransferase or other LFT
concentrations to traditional risk factors provide no improvement in CVD risk
prediction.
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FIGURE LEGEND

FIGURE 1. Schematic representation of the putative biological mechanisms by which
lower levels of total bilirubin and higher levels of aminotransferases (AST and ALT),
alkaline phosphatase (ALP)} and gamma-glutamyltransferase. (GGT) are associated
with an increased risk of future CVD events.
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