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Strengths and limitations of this study

►► Major chronic diseases and mortalities investigated 
in one comprehensive study.

►► Large sample size allowed subgroup analyses and 
control for multiple confounders, including lifestyle 
information and further biomarker and exclusion of 
participants with self-reported prevalent liver insuf-
ficiency in sensitivity analyses.

►► Prospective design limits reverse causation bias.
►► Potential of residual confounding due to measure-
ment error or unmeasured confounders.

Abstract
Objectives  Elevated liver enzyme concentrations in 
blood are indicative of liver diseases and may provide an 
early signal for being at risk for other chronic diseases. 
Our study aimed to assess the relationships of alkaline 
phosphatase (ALP), gamma-glutamyltransferase (GGT), 
alanine aminotransferase (ALT), aspartate transaminase 
(AST) and the De Ritis ratio (AST/ALT) with incidence and 
mortality of cardiovascular diseases (CVD) and the four 
most common cancers, that is, breast, prostate, colorectal 
and lung.
Setting, participants and outcome measures  We 
analysed a case-cohort sample of the prospective 
EuropeanProspective Investigation into Cancer and 
Nutrition-Heidelberg cohort, including cancer (n=1632), 
cancer mortality (n=761), CVD (n=1070), CVD mortality 
(n=381) and a random subcohort (n=2739) with an 
average follow-up duration of 15.6 years. Concentrations 
of liver enzymes were measured in prediagnostic blood 
samples and Prentice-weighted Cox regression models 
were used to estimate HRs with 95% CIs.
Results  High ALP levels were associated with increased 
risk for lung cancer and all-cause mortality (highest vs 
lowest quartile, multivariable adjusted HR=2.39 (95% CI 
1.30 to 4.39), HR=1.31 (95% CI 1.02 to 1.67)), high AST 
levels with all-cause mortality (HR=1.45 (95% CI 1.15 to 
1.82)), and a high De Ritis ratio with prostate cancer risk, 
all-cause and cancer mortality (HR=1.61 (95% CI 1.10 
to 2.36), HR=1.60 (95% CI 1.25 to 2.04), HR=1.67 (95% 
CI 1.26 to 2.23)). Using cut-points for liver enzyme levels 
above normal, we observed positive associations for all-
cause mortality with ALP, GGT and AST, and assigning a 
combined risk score resulted in positive associations with 
all-cause and cause-specific mortality.
Conclusions  Measurements of serum liver enzymes, as 
routinely performed in health check-ups, may support the 
identification of individuals at increased risk for all-cause 
mortality. Further prospective studies are needed to verify 
our first results on individual cancers and on a combined 
risk score.

Background
The four liver enzymes alkaline phospha-
tase (ALP), gamma-glutamyltransferase 
(GGT), alanine aminotransferase (ALT) and 

aspartate transaminase (AST) are commonly 
measured in clinical context to determine 
liver disease, as they are released into the 
blood stream after liver injury.1 Because AST 
has a relatively short half-life compared with 
ALT (18 hours vs 36 hours), ALT increases 
more than AST soon after liver injury and, 
thus, the AST over ALT ratio (referred as 
‘De Ritis ratio’) represents the time course 
and aggressiveness of disease in most circum-
stances.2 Because assays for these enzymes are 
inexpensive and routinely applied in clinical 
laboratory tests, they may be useful for the 
rapid identification of individuals at high risk 
for certain diseases. Indeed, a growing body 
of epidemiological evidence indicates that 
blood levels of liver enzymes are associated 
with liver injuries and with a wider range of 
disease outcomes, including type 2 diabetes 
mellitus,3 4 non-alcoholic fatty liver disease5 
and cardiovascular diseases (CVD),6–10 as 
well as with all-cause and cause-specific 
mortality.11–14

However, previous prospective studies 
have predominantly focused on GGT and its 
associations with incident CVD and all-cause 
mortality, whereas ALP and the two transami-
nases have received less attention.7 9 14 15 More-
over, evidence summarised in a meta-analysis 
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indicates that increasing levels of GGT and ALT may also 
be related to incident cancer risk.16 However, the number 
of included studies for site-specific cancers was limited 
and only a few further prospective studies on GGT and 
cancer risks were conducted since then.17–19

As far as we are aware, no prospective study has been 
conducted to comprehensively evaluate the associations 
of ALT with risks of the most common cancer entities 
lung, prostate and breast, and no study so far has exam-
ined the associations of ALP and AST with any organ-
specific cancer entities. In addition, the AST/ALT ratio 
(De Ritis ratio) has been studied as a prognostic tool in 
patients with various diseases, but less so as a risk factor for 
mortality20 and not at all in relation to incident chronic 
diseases in general, including CVD.

In view of these information deficits, we comprehen-
sively assessed the relationships of the four liver enzymes 
and the De Ritis ratio with risk of major chronic diseases 
(myocardial infarction (MI), stroke and cancers of the 
lung, colorectum, prostate and breast) and all-cause, 
CVD-related and cancer-related mortality within the 
prospective European Prospective Investigation into 
Cancer (EPIC)-Heidelberg cohort. This is the first inves-
tigation systematically covering all four liver enzymes in 
relation to all the mentioned endpoints within a single 
prospective study. We hypothesise that GGT increases risk 
of incident CVD, that GGT is positively associated with all-
cause mortality, and that GGT and ALT increase cancer 
risk; whereas association analyses of AST, ALT and the 
De Ritis ratio with incident cancer and mortality are of 
exploratory nature.

Methods
Study setting and design
The current case-cohort study is embedded within the 
EPIC-Heidelberg cohort, which comprises 25 546 men 
and women from the general population living in the 
southern German city Heidelberg and its surrounding 
municipality at recruitment. The study design and 
methods for the EPIC study have been described in detail 
previously.21 Briefly, this multicentre European cohort 
recruited men and women, aged between 35 and 70 years 
in 23 centres in 10 European countries between 1992 
and 2000. Baseline examinations included measurement 
of anthropometric indices by trained staff, assessment of 
lifestyle factors and dietary habits via comprehensive ques-
tionnaires and collection of a blood sample. The latter 
was drawn at the day of recruitment, independent of the 
participants fasting status, and kept at +4°C to +10°C for 
a maximum of 24 hours until centrifugation and further 
processing. Blood was then aliquoted into fractions of 
plasma, serum, erythrocytes and buffy coat and half of 
the aliquots were stored in liquid nitrogen at −190°C in 
the centres. Due to the applied procedures for long-term 
storage, intact blood cells used for blood cell counting 
are not available. Informed consent was obtained from all 
participants at baseline.

Patient and public involvement
Patients and/or members of public were not involved in 
the design, or conduct, or reporting, or dissemination of 
the research.

Follow-up and outcome classification
Participants in EPIC-Heidelberg were followed from study 
entry (1994–1998) until chronic disease diagnosis, death 
or end of the follow-up period. Outcomes of cancer inci-
dence were based on regional cancer registry data, hospi-
talisation records or active follow-up of study subjects and 
their next of kin. The latter approach plus hospitalisa-
tion records were applied to ascertain incident MI and 
stroke cases. Mortality outcomes were ascertained from 
death certificates which were collected from mortality 
registries. For the case-cohort study, verified incident 
breast, colorectum, prostate and lung cancer cases up to 
the end of 2012 and verified incident MI and stroke cases 
and verified deceased subjects up to the end of 2009 were 
included. Exclusion criteria were the occurrence of other 
malignant tumours preceding the diagnosis of the respec-
tive cancer, except for non-melanoma skin cancer, and 
non-availability of blood specimens. We did not exclude 
participants with prevalent liver insufficiency a priori, 
because (1) only self-reported data were available and 
(2) from less than 90% of the participants. We included 
627 cases of breast (International Classification of Diseases 
(ICD)-10: C50), 554 cases of prostate (ICD-10: C61), 195 
cases of lung (ICD-10: C34) and 256 cases of colorectal 
cancer (ICD-10: C18-20). In addition, we included 555 
cases of MI (ICD-10: I21) and 515 cases of stroke (ICD-
10: I60, I61, I63, I64; 73% of ischaemic type). Number of 
incident events in the EPIC cohort were comparable 
to the 10-year prevalence of the German population in 
a similar age range. Within the entire EPIC-Heidelberg 
cohort, 1516 deceased until end of follow-up (December 
2009), of which 761 (50%) died of cancer, 381 (25%) of 
cardiovascular events and the remaining 374 (25%) of 
miscellaneous conditions that were also coded according 
to the ICD-10. The four most common cancer deaths in 
our study were due to lung (n=138 cases out of 761, 18%), 
colorectal (n=85, 11%), breast (n=69, 9%) and pancreas 
cancer (n=60, 8%). A randomly selected subcohort with 
available blood specimens of about 10% of the entire 
EPIC-Heidelberg cohort participants serves as the refer-
ence pool (n=2739). Within a case cohort, cases within 
a cohort are selected up to a censoring date—likewise to 
a nested case-control study, but several types of cases can 
be selected. The comparison group, however, does not 
consist of matched control participants free of the disease 
of interest, but of a representative subsample of the full 
cohort—the so-called subcohort, which also includes inci-
dent cases proportional to the full cohort.22 We chose the 
well-established case-cohort design because several failure 
time outcomes can be analysed with the same comparison 
group, as the random sample subcohort is selected inde-
pendent of the outcome, and to save precious samples 
and costs.
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Laboratory methods
The frozen serum samples were sent on dry ice to Scan-
dinavian Health Ltd (SHL) laboratories (Etten-Leur, 
Netherlands) for basic clinical chemistry measurements, 
including total ALP, GGT, AST and ALT. Serum concen-
trations of the analytes were determined using the Roche 
Cobas 6000 analytical system for clinical chemistry, 
according to the manufacturer’s protocols. Normal refer-
ence values according to SHL laboratories are ≤125 U/L 
for ALP, ≤38 U/L (women) and ≤55 (men) for GGT, 
≤31 U/L (women) and ≤35 U/L (men) for AST, and 
≤34 U/L (women) and ≤45 U/L (men) for ALT.23 The De 
Ritis ratio was calculated as the ratio of AST over ALT.24 
Missing enzymes were remeasured (<1% of the study 
population).

Statistical analyses
We estimated HRs and 95% CIs based on Prentice-
weighted Cox proportional hazard regression models with 
age as the underlying time scale, a common approach to 
account for incident diseases of interest in the subcohort.25 
All analyses were stratified by sex and integer values of age 
at recruitment. Proportional hazards assumption was not 
violated in any of the models according to an extended 
version of the Schoenfeld residuals test.26 Blood markers 
entered the models continuously log 2 transformed (to 
approximate normal distribution), in quartiles with sex-
specific cut-points based on the distribution in the subco-
hort and the lowest quartile considered as the reference 
category, by predefined reference cut-points above versus 
within the range of normal values, or continuously as 
a multimarker score. The multimarker score was built 
by assigning each participant a value between 0 and 4 
depending on the enzyme levels being below (=0) or 
above (=1) the reference cut-points and adding up the 
values to a final score.

Tests for linear trend over blood marker levels were 
based on the median of each quartile modelled as a 
continuous variable. The multivariable-adjusted model 
included body mass index (BMI), height, waist circum-
ference, lifetime alcohol consumption, smoking history 
(never, former, current, years since quitting smoking, 
numbers of cigarettes smoked, age started smoking), 
education, physical activity and diabetes mellitus. Cox 
models with breast cancer as an outcome were further 
adjusted for oral contraceptive use, hormone replace-
ment therapy, menopausal status and full-term preg-
nancies; and those with CVD for total and high-density 
lipoprotein cholesterol, triglycerides and C reactive 
protein. Additional adjustments for liver enzymes did not 
or only marginally change the results and they were there-
fore omitted as potential confounders. In exploratory 
analyses, potential effect modification by median alcohol 
consumption (above vs below the median, that is, 4 g/d 
for women and 20 g/d for men) was tested with Q statis-
tics, adjusted for age at recruitment and sex. Mediators/
confounders were selected a priori based on known or 
suspected interactions/relationships with liver enzymes 

and/or outcomes; the variables were completely known 
with no missing data. To assess possible reverse causation 
bias, sensitivity analyses were conducted excluding the 
first 2 years of follow-up. Further sensitivity analyses were 
conducted while excluding those with self-reported prev-
alent liver insufficiency assessed during questionnaire-
based follow-up rounds (‘Has your doctor ever diagnosed 
you with…’, n=48, HR generally unchanged and, there-
fore, not shown) or heavy alcohol consumers at baseline, 
that is, ≥96 g/d for men and ≥60 g/d for women, because 
excess alcohol intake influences liver metabolism.

All statistical tests were two sided to account for 
unknown risk directions in exploratory analyses and p 
values less than 0.05 indicate statistical significance. All 
analyses were performed using SAS V.9.4 (SAS Institute).

Results
Baseline characteristics of the study population are 
displayed in table 1. Briefly, median age of cases at diag-
nosis varied between 60 (breast cancer) and 66 years 
(prostate cancer and CVD death) and mean BMI was 
highest among later CVD deaths (28.7 kg/m²). Women 
prospectively diagnosed with breast cancer were mostly 
never smokers at recruitment (55%)—as compared with 
women of the subcohort (51%)—whereas those diag-
nosed with lung cancer were predominantly current 
smokers (67%). Consumption of alcohol was higher 
among men compared with women but no differences 
in consumption pattern were observed by individual 
endpoint compared with the general cohort. The highest 
prevalence of self-reported diabetes mellitus was observed 
in participants with later MI (13%) and who died of 
CVD during follow-up (14%). Median follow-up time of 
the subcohort was 15.6 years, of cancer incidence and 
mortality in the range of 7.6–9.4 and of CVD incidence 
and mortality in the range of 7.8–8.1 years.

Among subcohort participants, ALT levels significantly 
correlated with GGT and AST levels (r=0.53 and r=0.64, 
respectively) and to a lesser extent GGT with AST levels 
(r=0.36, figure 1). ALP levels correlated only weakly with 
the other liver enzymes and correlations with further 
blood biomarkers (ie, lipids, iron metabolites, platelet 
activation factors), dietary (ie, alcohol intake) or anthro-
pometric variables were generally weak.

Liver enzyme levels and incident cancers
High circulating ALP levels were associated with an 
increased risk of incident lung cancer after multivariate 
adjustment (highest vs lowest quartile, Q4 vs Q1, HR 2.39 
(95% CI 1.30 to 4.39), table  2). Excluding participants 
with heavy alcohol intake (≥96 g/d for men and ≥60 g/d 
for women) reduced the ALP—lung cancer associa-
tion further to 1.97 (95% CI 1.05 to 3.68), but the HR 
remained statistically significant (data not in tables). The 
two transaminases AST and ALT were not associated with 
lung cancer risk.
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Figure 1  Spearman partial correlation of liver enzymes with covariates in the European Prospective Investigation into 
Cancer-Heidelberg subcohort (n=2739), adjusted for sex and age at blood donation. Red depicts positive correlation 
and blue depicts negative correlation; the darker the shade, the stronger the correlation. ALP, alkaline phosphatase; ALT, 
alanine aminotransferase; apo, apolipoprotein; AST, aspartate aminotransferase; CRP, C reactive protein; GGT, gamma-
glutamyltransferase; HbA1c, glycosylated haemoglobin A1c; HDL, high-density lipoprotein; Lp(a), lipoprotein a; N, number of 
subjects; TG, triglycerides.

None of the enzymes were associated with risk of 
colorectal or breast cancer. A high De Ritis ratio was associ-
ated with a 1.6-fold increased risk of prostate cancer (Q4 vs 
Q1, HR 1.61 (95% CI 1.10 to 2.36)), whereas single liver 
enzymes were not associated with risk (table 2).

Liver enzyme levels and incident CVD
None of the investigated liver enzymes were associated 
with incident MI or stroke after multivariate adjustments 
in our prospective case-cohort study (table 3). Subgroup 
analyses by stroke type (ischaemic vs haemorrhagic) did 
not reveal any significant associations with liver enzymes 
either, but number of participants with haemorrhagic 
stroke were limited to 90 out of 555 (data not shown).

Liver enzymes and mortality
Circulating ALP and AST levels in the highest quartile 
and a high De Ritis ratio were significantly associated 
with all-cause mortality after multivariable adjustment 
compared with the lowest quartiles (HRALP 1.31 (95% CI 
1.02 to 1.67), HRAST 1.45 (95% CI 1.15 to 1.82), HRdeRitis 

1.60 (95% CI 1.25 to 2.04), table 4). Excluding partici-
pants with heavy alcohol consumption attenuated the 
HR for all-cause mortality with high ALP levels to non-
significance (data not in tables).

High AST levels and a high De Ritis ratio were also asso-
ciated with cancer mortality in our case cohort (HRAST 
1.34 (95% CI 1.02 to 1.74), HRdeRitis 1.67 (95% CI 1.26 to 
2.23), table 4). The four most common causes of cancer 
death in our study were cancers of the lung (n=138 cases 
out of 761, 18%), colorectum (n=85, 11%), breast (n=69, 
9%) and pancreas (n=60, 8%). In crude models, high 
ALP levels and a high De Ritis ratio were associated with 
lung (HRALP 2.70 (95% CI 1.43 to 5.11), HRdeRitis 2.25 (95% 
CI 1.24 to 4.07)), high ALT levels with breast (HR 2.13 
(95% CI 1.10 to 4.12)) and high AST levels with pancre-
atic cancer mortality (HR 2.31 (95% CI 1.09 to 4.91)). 
None of the liver enzymes were associated with colorectal 
cancer mortality (data not in tables).

Crude HRs for CVD mortality were significantly above 
one for all four enzymes comparing the highest to the 
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Table 2  HRs and 95% CI for associations of circulating liver enzyme levels with incident cancers, crude and multivariable 
adjusted*

Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

Lung cancer

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 17 32 50 59

 � Crude model Ref 1.89 (1.03 to 3.47) 2.96 (1.68 to 5.22) 3.45 (1.95 to 6.08) <0.0001 2.51 (1.77 to 
3.57)

<0.0001

 � Adjusted model Ref 1.77 (0.92 to 3.43) 2.39 (1.29 to 4.41) 2.39 (1.30 to 4.39) 0.006 1.68 (1.13 to 
2.49)

0.011

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 42 35 37 61

 � Crude model Ref 0.95 (0.60 to 1.52) 0.89 (0.56 to 1.41) 1.52 (1.01 to 2.30) 0.053 1.18 (1.01 to 
1.38)

0.034

 � Adjusted model Ref 0.77 (0.45 to 1.31) 0.67 (0.40 to 1.11) 0.83 (0.50 to 1.37) 0.625 0.96 (0.80 to 
1.15)

0.654

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 40 48 19 50

 � Crude model Ref 1.26 (0.81 to 1.96) 0.59 (0.33 to 1.03) 1.43 (0.92 to 2.20) 0.338 1.28 (0.84 to 
1.95)

0.259

 � Adjusted model Ref 1.29 (0.78 to 2.12) 0.72 (0.39 to 1.34) 1.37 (0.83 to 2.25) 0.492 1.13 (0.71 to 
1.80)

0.614

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 53 33 35 41

 � Crude model Ref 0.78 (0.49 to 1.23) 0.74 (0.47 to 1.16) 0.93 (0.61 to 1.43) 0.686 0.91 (0.69 to 
1.21)

0.518

 � Adjusted model Ref 0.95 (0.57 to 1.57) 0.85 (0.51 to 1.41) 0.97 (0.59 to 1.61) 0.731 0.91 (0.66 to 
1.24)

0.548

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 27 35 45 46

 � Crude model Ref 1.25 (0.74 to 2.11) 1.67 (1.01 to 2.74) 1.77 (1.08 to 2.89) 0.019 1.59 (1.15 to 
2.20)

0.005

 � Adjusted model Ref 1.09 (0.62 to 1.90) 1.55 (0.89 to 2.68) 1.61 (0.92 to 2.80) 0.070 1.40 (0.93 to 
2.10)

0.110

Colorectal cancer

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 56 47 55 52

 � Crude model Ref 0.79 (0.52 to 1.19) 0.91 (0.61 to 1.35) 0.78 (0.51 to 1.18) 0.355 0.81 (0.59 to 
1.10)

0.180

 � Adjusted model Ref 0.73 (0.47 to 1.13) 0.85 (0.57 to 1.28) 0.70 (0.46 to 1.08) 0.192 0.71 (0.51 to 
0.99)

0.043

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 49 50 66 68

 � Crude model Ref 1.13 (0.75 to 1.71) 1.29 (0.87 to 1.91) 1.31 (0.89 to 1.94) 0.093 1.16 (1.02 to 
1.31)

0.026

 � Adjusted model Ref 1.07 (0.70 to 1.65) 1.14 (0.76 to 1.71) 1.06 (0.69 to 1.61) 0.550 1.07 (0.94 to 
1.23)

0.318

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 55 62 41 59

 � Crude model Ref 1.21 (0.82 to 1.78) 0.90 (0.59 to 1.39) 1.17 (0.79 to 1.74) 0.480 1.13 (0.81 to 
1.58)

0.470

 � Adjusted model Ref 1.19 (0.79 to 1.78) 0.92 (0.58 to 1.44) 1.00 (0.65 to 1.52) 0.864 0.94 (0.67 to 
1.32)

0.731

Continued
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 62 43 63 50

 � Crude model Ref 0.83 (0.55 to 1.25) 1.08 (0.74 to 1.57) 0.92 (0.62 to 1.37) 0.797 1.05 (0.84 to 
1.32)

0.666

 � Adjusted model Ref 0.81 (0.53 to 1.23) 0.94 (0.63 to 1.41) 0.69 (0.45 to 1.07) 0.237 0.89 (0.70 to 
1.13)

0.339

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 46 62 56 48

 � Crude model Ref 1.27 (0.85 to 1.90) 1.23 (0.81 to 1.86) 1.11 (0.72 to 1.70) 0.660 0.99 (0.73 to 
1.34)

0.933

 � Adjusted model Ref 1.34 (0.88 to 2.04) 1.45 (0.94 to 2.24) 1.35 (0.86 to 2.12) 0.149 1.13 (0.82 to 
1.55)

0.456

Prostate cancer

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 116 121 114 104

 � Crude model Ref 1.01 (0.73 to 1.41) 1.06 (0.76 to 1.48) 0.88 (0.63 to 1.24) 0.486 0.90 (0.68 to 
1.20)

0.473

 � Adjusted model Ref 1.02 (0.72 to 1.44) 1.09 (0.77 to 1.54) 0.91 (0.64 to 1.30) 0.649 0.93 (0.69 to 
1.26)

0.648

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 122 142 130 101

 � Crude model Ref 1.29 (0.94 to 1.77) 1.13 (0.83 to 1.56) 0.89 (0.64 to 1.24) 0.162 0.94 (0.84 to 
1.06)

0.295

 � Adjusted model Ref 1.40 (1.00 to 1.96) 1.22 (0.87 to 1.72) 1.00 (0.69 to 1.44) 0.394 0.98 (0.86 to 
1.11)

0.705

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 127 146 89 98

 � Crude model Ref 1.18 (0.86 to 1.60) 0.87 (0.62 to 1.23) 1.00 (0.71 to 1.40) 0.622 0.94 (0.71 to 
1.23)

0.645

 � Adjusted model Ref 1.18 (0.85 to 1.64) 0.87 (0.61 to 1.24) 1.00 (0.70 to 1.43) 0.641 0.96 (0.72 to 
1.29)

0.801

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 153 113 110 96

 � Crude model Ref 0.85 (0.61 to 1.16) 0.81 (0.59 to 1.11) 0.83 (0.60 to 1.16) 0.322 0.89 (0.73 to 
1.07)

0.212

 � Adjusted model Ref 0.85 (0.61 to 1.18) 0.80 (0.57 to 1.13) 0.84 (0.59 to 1.19) 0.377 0.90 (0.73 to 
1.11)

0.322

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 83 125 100 146

 � Crude model Ref 1.28 (0.90 to 1.83) 0.96 (0.67 to 1.38) 1.54 (1.09 to 2.19) 0.038 1.19 (0.92 to 
1.54)

0.194

 � Adjusted model Ref 1.40 (0.96 to 2.04) 1.00 (0.68 to 1.47) 1.61 (1.10 to 2.36) 0.048 1.19 (0.90 to 
1.57)

0.231

Breast cancer†

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 141 146 121 112

 � Crude model Ref 0.95 (0.72 to 1.27) 0.78 (0.58 to 1.05) 0.68 (0.49 to 0.93) 0.007 0.76 (0.61 to 
0.95)

0.016

 � Adjusted model Ref 1.10 (0.46 to 2.61) 1.27 (0.52 to 3.10) 0.93 (0.34 to 2.55) 0.782 0.93 (0.44 to 
1.96)

0.854

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

Table 2  Continued

Continued
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

 � Number of cases 172 125 133 133

 � Crude model Ref 0.87 (0.66 to 1.15) 0.74 (0.56 to 0.98) 0.79 (0.59 to 1.05) 0.198 0.91 (0.81 to 
1.03)

0.141

 � Adjusted model Ref 0.89 (0.66 to 1.19) 0.75 (0.56 to 1.00) 0.86 (0.63 to 1.18) 0.532 0.95 (0.84 to 
1.08)

0.467

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 165 145 93 127

 � Crude model Ref 1.09 (0.83 to 1.43) 0.74 (0.55 to 1.01) 0.87 (0.66 to 1.16) 0.154 0.77 (0.58 to 
1.01)

0.056

 � Adjusted model Ref 1.14 (0.85 to 1.52) 0.80 (0.59 to 1.10) 0.92 (0.68 to 1.24) 0.335 0.81 (0.61 to 
1.08)

0.154

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 176 137 120 117

 � Crude model Ref 1.04 (0.79 to 1.36) 0.83 (0.62 to 1.10) 0.82 (0.62 to 1.09) 0.111 0.81 (0.69 to 
0.97)

0.018

 � Adjusted model Ref 1.04 (0.78 to 1.38) 0.84 (0.62 to 1.13) 0.91 (0.67 to 1.23) 0.420 0.85 (0.71 to 
1.02)

0.084

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 131 132 127 138

 � Crude model Ref 0.93 (0.70 to 1.24) 1.06 (0.79 to 1.43) 1.17 (0.87 to 1.57) 0.205 1.16 (0.92 to 
1.47)

0.197

 � Adjusted model Ref 0.90 (0.67 to 1.22) 1.04 (0.76 to 1.42) 1.11 (0.81 to 1.52) 0.394 1.11 (0.87 to 
1.42)

0.393

The values given in bold are significant when p<0.05.
*Crude model adjusted for sex and age at blood draw. Multivariable model additionally adjusted for baseline height, waist, body mass index, lifetime 
alcohol consumption, smoking history, education, diabetes and physical activity.
†Additionally adjusted for oral contraceptive use, hormone replacement therapy, menopausal status and full-term pregnancies. Quartile ranges are 
sex specific and based on the distribution in the subcohort.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AST/ALT, De Ritis ratio; GGT, gamma-
glutamyltransferase; HR continuous, continuous HR for a doubling in biomarker concentration; p-value cat, p-trend over lipid biomarker levels based 
on the median of each quartile category; p-value cont., p-trend continuously.

Table 2  Continued

lowest quartile, but multivariable adjustment led to all-
cause non-significant associations. The De Ritis ratio was 
not associated with CVD mortality (table 4).

Effect modification by alcohol consumption (data not in 
tables)
Among participants drinking more than 21.5 g/d or 
4.5 g/d alcohol (median intake of men or women, respec-
tively), a high De Ritis ratio was significantly associated 
with an increased risk of all-cause death (continuous, 
adjusted HR 1.49 (95% CI 1.14 to 1.96), p interaction 
0.045). Associations with mortality among participants 
drinking less alcohol were not significant (continuous, 
adjusted HR 1.19 (95% CI 0.91 to 1.56)). Further inter-
action analyses by median alcohol intake for other expo-
sures or endpoints were not significant.

Exclusion of first 2 years of follow-up (data not in tables)
In sensitivity analyses, we excluded cases diagnosed 
within 2 years after baseline assessment, that is, 144 with 
incident cancer (16 lung, 27 colorectum, 37 prostate, 
64 breast), 49 with incident MI, 46 with incident stroke 
and 125 deceased subjects (59 cancer, 37 CVD, 29 other) 

and left censored the remaining participants by 2 years 
of follow-up time. High ALP levels were no longer asso-
ciated with an increased risk of lung cancer and all-cause 
mortality in the fully adjusted model (Q4 vs Q1, adjusted 
HRlung 1.92 (95% CI 0.98 to 3.78), HRdeath 1.23 (95% CI 
0.95 to 1.60)). Similarly, high AST levels were not associ-
ated with cancer mortality any longer in the fully adjusted 
model (HR 1.27 (95% CI 0.96 to 1.69)). Other associa-
tions were not influenced by these sensitivity analyses.

Using predefined clinical cut-points and a multimarker score 
(supplementary tables)
Between 3% (ALP) and 20% (GGT) of our subcohort 
participants had enzyme levels above the normal range. 
Participants above normal enzyme levels were at increased 
risk for all-cause mortality (HRALP 1.67 (95% CI 1.13 
to 2.47), HRGGT 1.28 (95% CI 1.07 to 1.54), HRAST 1.39 
(95% CI 1.10 to 1.75)) compared with those with normal 
levels after multivariable adjustments (online supplemen-
tary table 1) . Combining the four liver enzymes into a 
risk score, where each participant was assigned a score 
between 0 and 4 depending on the enzyme levels being 

https://dx.doi.org/10.1136/bmjopen-2019-033532
https://dx.doi.org/10.1136/bmjopen-2019-033532
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Table 3  HRs and 95% CI for associations of circulating liver enzyme levels with incident cardiovascular diseases, crude and 
multivariable adjusted*

Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

MI

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 61 105 125 138

 � Crude model Ref 1.72 (1.21 to 2.44) 2.07 (1.47 to 
2.91)

2.16 (1.53 to 
3.04)

<0.0001 1.75 (1.36 to 
2.24)

<0.0001

 � Adjusted model Ref 1.44 (0.96 to 2.17) 1.61 (1.10 to 2.37) 1.25 (0.84 to 
1.87)

0.662 1.06 (0.78 to 
1.44)

0.717

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 91 106 137 143

 � Crude model Ref 1.27 (0.93 to 1.75) 1.50 (1.11 to 
2.03)

1.57 (1.16 to 
2.13)

0.013 1.19 (1.08 to 
1.31)

<0.001

 � Adjusted model Ref 0.99 (0.67 to 1.46) 1.00 (0.68 to 1.46) 1.00 (0.66 to 
1.51)

0.846 1.02 (0.89 to 
1.17)

0.772

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 120 110 95 104

 � Crude model Ref 0.96 (0.71 to 1.30) 0.98 (0.72 to 1.33) 0.98 (0.73 to 
1.33)

0.792 0.98 (0.73 to 
1.31)

0.873

 � Adjusted model Ref 1.00 (0.71 to 1.41) 1.05 (0.73 to 1.52) 0.82 (0.57 to 
1.17)

0.277 0.80 (0.57 to 
1.12)

0.200

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 108 106 115 112

 � Crude model Ref 1.17 (0.87 to 1.59) 1.18 (0.88 to 1.60) 1.23 (0.91 to 
1.66)

0.231 1.15 (0.97 to 
1.35)

0.111

 � Adjusted model Ref 1.41 (0.98 to 2.03) 0.97 (0.66 to 1.42) 0.97 (0.66 to 
1.41)

0.562 0.93 (0.75 to 
1.15)

0.524

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 107 132 90 94

 � Crude model Ref 1.14 (0.85 to 1.54) 0.79 (0.58 to 1.09) 0.86 (0.63 to 
1.18)

0.150 0.77 (0.59 to 
1.00)

0.046

 � Adjusted model Ref 1.40 (0.99 to 1.98) 0.98 (0.67 to 1.43) 1.16 (0.79 to 
1.71)

0.739 0.90 (0.66 to 
1.22)

0.499

Stroke

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 49 69 62 77

 � Crude model Ref 1.26 (0.84 to 1.87) 1.17 (0.78 to 1.75) 1.26 (0.85 to 
1.88)

0.338 1.15 (0.85 to 
1.56)

0.365

 � Adjusted model Ref 1.19 (0.77 to 1.86) 0.99 (0.64 to 1.54) 0.90 (0.57 to 
1.42)

0.384 0.82 (0.58 to 
1.17)

0.271

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 59 61 70 88

 � Crude model Ref 1.12 (0.76 to 1.65) 1.12 (0.77 to 1.64) 1.39 (0.96 to 
2.00)

0.039 1.24 (1.09 to 
1.42)

0.002

 � Adjusted model Ref 0.95 (0.62 to 1.45) 0.85 (0.55 to 1.31) 0.94 (0.61 to 
1.46)

0.567 1.13 (0.95 to 
1.33)

0.159

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 59 73 50 74

 � Crude model Ref 1.36 (0.94 to 1.99) 1.05 (0.70 to 1.58) 1.37 (0.94 to 
2.00)

0.222 1.25 (0.90 to 
1.74)

0.185

Continued
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

 � Adjusted model Ref 1.40 (0.93 to 2.08) 1.13 (0.73 to 1.77) 1.25 (0.84 to 
1.88)

0.461 1.12 (0.78 to 
1.60)

0.545

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 67 67 66 65

 � Crude model Ref 1.21 (0.83 to 1.75) 1.06 (0.73 to 1.53) 1.12 (0.77 to 
1.63)

0.724 1.12 (0.91 to 
1.38)

0.291

 � Adjusted model Ref 1.38 (0.91 to 2.08) 0.97 (0.63 to 1.49) 0.95 (0.63 to 
1.45)

0.514 1.01 (0.80 to 
1.27)

0.939

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 62 70 56 67

 � Crude model Ref 1.01 (0.70 to 1.47) 0.87 (0.59 to 1.29) 1.08 (0.74 to 
1.58)

0.784 1.04 (0.78 to 
1.39)

0.780

 � Adjusted model Ref 1.21 (0.80 to 1.81) 0.97 (0.63 to 1.49) 1.28 (0.84 to 
1.95)

0.376 1.11 (0.82 to 
1.50)

0.491

The values given in bold are significant when p<0.05.
*Crude model adjusted for sex and age at blood draw. Multivariable model additionally adjusted for baseline height, waist, body mass 
index, lifetime alcohol consumption, smoking history, education, diabetes, physical activity, total and high-density lipoprotein cholesterol, 
triglycerides and C reactive protein. Quartile ranges are sex specific and based on the distribution in the subcohort.
ALP, alkaline phosphatase; AST, aspartate aminotransferase; AST/ALT, De Ritis ratio; GGT, gamma-glutamyltransferase; HR continuous, 
continuous HR for a doubling in biomarker concentration; MI, myocardial infarction; p-value cat, p-trend over lipid biomarker levels 
based on the median of each quartile category; p-value cont, p-trend continuously.

Table 3  Continued

below (0) or above (1) the clinical cut-points, resulted in 
increased risks for all-cause, cancer and CVD mortality for 
a higher score (adjusted continuous HR per unit increase 
in the score, all-cause mortality=1.16 (95% CI 1.06 to 
1.27, cancer mortality=1.19 (95% CI 1.03 to 1.37), CVD 
mortality=1.17 (95% CI 1.01 to 1.37), online supplemen-
tary table 2).

Discussion
Elevated liver enzyme concentrations in blood are indic-
ative of liver diseases and may provide an early signal for 
being at risk for other chronic diseases and mortality. In 
this well-characterised case-cohort study, we found that 
higher liver enzyme levels were associated with increased 
all-cause mortality and selectively also with cause-specific 
mortality and incident cancers, although associations 
varied for specific enzymes and disease endpoints. Using 
predefined clinical cut-points for liver enzyme levels 
above the normal range, we observed significant associa-
tions of GGT, ALP and AST with all-cause mortality, while 
a higher multimarker score resulted in positive associa-
tions with all-cause and cause-specific mortality. Further, 
we observed heterogeneity in the association high De 
Ritis ratio with mortality by alcohol drinking habits in 
exploratory analyses.

Liver enzymes and CVD incidence and mortality
Despite some evidence from previous investigations, 
we did not observe any association of elevated liver 
enzymes with risk of incidence or mortality from major 

cardiovascular events. However, our results are in line with 
recent evidence for GGT as a potential useful indicator 
for all-cause mortality, considering circulating levels above 
the normal threshold (ie, >38 U/L for women and >55 for 
men in our study).13 Similarly, our data suggest that above-
normal levels of ALP and AST may also be relevant risk 
indicators for all-cause mortality. These findings are largely 
in line with results from previous studies covering one or 
more of the liver enzymes and all-cause mortality.10 13 27 28 
However, we were not able to observe further results found 
by others, such as associations of GGT and ALP with risk of 
CVD,6 GGT, ALT and AST with incident MI or ischaemic 
stroke,7 ALP with CVD events and CVD mortality10 or ALT 
with all-cause mortality.27 28 A meta-analysis covering the 
four enzymes and their associations with all-cause mortality 
found significant positive risk estimates for GGT and ALP, 
as in our investigation, but opposing risks for ALT and 
no associations for AST.13 Further, a recent evaluation by 
Kunutsor and colleagues suggested even an inverse asso-
ciation between the two transaminases AST and ALT and 
total incident CVD in the Dutch Prevention of Renal and 
Vascular End-stage Disease (PREVEND) study.9 Inverse 
associations were also observed in a meta-analysis on 
the associations of ALT and all-cause, cancer and CVD 
mortality, but with potential heterogeneity by age such that 
associations among younger subjects (ie, <70) tended to 
be above whereas associations among older subjects (ie, 
≥70) tended to be below one.14 Unfortunately, we could 
not replicate Kunutsor’s analyses using the 70-year age cut-
point, because of limited case numbers above age 70.

https://dx.doi.org/10.1136/bmjopen-2019-033532
https://dx.doi.org/10.1136/bmjopen-2019-033532
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Table 4  HRs and 95% CI for associations of circulating liver enzyme levels with all-cause, cancer and cardiovascular diseases 
(CVD) mortality, crude and multivariable adjusted*

Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

All-cause mortality

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 210 222 326 417

 � Crude model Ref 0.99 (0.78 to 1.26) 1.46 (1.16 to 1.83) 1.66 (1.33 to 2.08) <0.0001 1.83 (1.50 to 
2.23)

<0.0001

 � Adjusted model Ref 0.91 (0.70 to 1.18) 1.33 (1.04 to 1.69) 1.31 (1.02 to 1.67) 0.003 1.44 (1.17 to 
1.79)

<0.001

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 250 259 291 467

 � Crude model Ref 1.12 (0.90 to 1.40) 1.09 (0.87 to 1.35) 1.75 (1.42 to 2.15) <0.0001 1.35 (1.25 to 
1.46)

<0.0001

 � Adjusted model Ref 0.99 (0.77 to 1.26) 0.88 (0.69 to 1.12) 1.20 (0.95 to 1.52) 0.046 1.19 (1.09 to 
1.30)

<0.001

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 268 288 230 396

 � Crude model Ref 1.16 (0.94 to 1.44) 1.05 (0.84 to 1.32) 1.62 (1.32 to 2.00) <0.0001 1.78 (1.47 to 
2.15)

<0.0001

 � Adjusted model Ref 1.11 (0.87 to 1.41) 1.12 (0.88 to 1.43) 1.45 (1.15 to 1.82) 0.003 1.47 (1.19 to 
1.82)

<0.001

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 341 251 273 343

 � Crude model Ref 0.87 (0.70 to 1.08) 0.86 (0.70 to 1.07) 1.18 (0.96 to 1.45) 0.105 1.15 (1.01 to 
1.30)

0.033

 � Adjusted model Ref 0.87 (0.69 to 1.10) 0.78 (0.61 to 0.99) 1.00 (0.79 to 1.26) 0.998 1.02 (0.89 to 1.18) 0.758

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 251 313 269 342

 � Crude model Ref 1.14 (0.92 to 1.41) 1.01 (0.81 to 1.27) 1.38 (1.11 to 1.71) 0.010 1.34 (1.13 to 
1.61)

0.001

 � Adjusted model Ref 1.16 (0.92 to 1.46) 1.12 (0.87 to 1.43) 1.60 (1.25 to 2.04) <0.001 1.40 (1.15 to 
1.70)

0.001

Cancer mortality

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 115 116 176 198

 � Crude model Ref 0.94 (0.70 to 1.26) 1.40 (1.07 to 1.84) 1.41 (1.08 to 1.86) 0.002 1.53 (1.21 to 
1.93)

<0.001

 � Adjusted model Ref 0.89 (0.65 to 1.21) 1.30 (0.98 to 1.73) 1.17 (0.88 to 1.56) 0.102 1.26 (0.99 to 1.61) 0.059

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 149 134 169 200

 � Crude model Ref 0.98 (0.75 to 1.28) 1.05 (0.81 to 1.36) 1.24 (0.97 to 1.60) 0.069 1.16 (1.05 to 
1.27)

0.003

 � Adjusted model Ref 0.89 (0.67 to 1.18) 0.90 (0.68 to 1.17) 0.94 (0.71 to 1.23) 0.797 1.04 (0.94 to 1.16) 0.408

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 146 162 112 191

 � Crude model Ref 1.20 (0.93 to 1.56) 0.94 (0.71 to 1.25) 1.41 (1.10 to 1.81) 0.040 1.35 (1.08 to 
1.69)

0.009

 � Adjusted model Ref 1.18 (0.90 to 1.55) 0.99 (0.74 to 1.33) 1.34 (1.02 to 1.74) 0.126 1.21 (0.95 to 1.54) 0.122

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 196 133 137 154

 � Crude model Ref 0.81 (0.63 to 1.05) 0.75 (0.58 to 0.97) 0.91 (0.71 to 1.16) 0.398 0.94 (0.81 to 1.10) 0.449

Continued
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
P value 
cat. HR continuous

P value 
cont.

 � Adjusted model Ref 0.82 (0.63 to 1.07) 0.71 (0.54 to 0.94) 0.83 (0.63 to 1.09) 0.136 0.89 (0.75 to 1.06) 0.186

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 125 149 143 188

 � Crude model Ref 1.11 (0.85 to 1.46) 1.12 (0.85 to 1.47) 1.58 (1.21 to 2.05) <0.001 1.46 (1.18 to 
1.81)

<0.001

 � Adjusted model Ref 1.09 (0.82 to 1.46) 1.17 (0.87 to 1.57) 1.67 (1.26 to 2.23) <0.001 1.44 (1.15 to 
1.80)

0.001

CVD mortality

 � ALP, range (U/L) 9–58 59–69 70–85 86–261

 � Number of cases 49 50 75 102

 � Crude model Ref 0.94 (0.61 to 1.45) 1.48 (1.00 to 2.21) 1.70 (1.16 to 2.49) <0.001 1.83 (1.33 to 
2.52)

<0.001

 � Adjusted model Ref 0.76 (0.46 to 1.25) 1.22 (0.77 to 1.94) 1.10 (0.70 to 1.74) 0.268 1.25 (0.85 to 1.84) 0.261

 � GGT, range (U/L) 5–15 16–24 25–41 42–430

 � Number of cases 49 61 66 124

 � Crude model Ref 1.32 (0.88 to 1.98) 1.25 (0.84 to 1.86) 2.32 (1.60 to 3.34) <0.0001 1.42 (1.25 to 
1.61)

<0.0001

 � Adjusted model Ref 1.03 (0.64 to 1.65) 0.74 (0.46 to 1.20) 1.21 (0.75 to 1.93) 0.194 1.16 (0.97 to 1.39) 0.095

 � AST, range (U/L) 7–19 20–23 24–28 29–119

 � Number of cases 57 77 50 90

 � Crude model Ref 1.47 (1.01 to 2.14) 1.07 (0.71 to 1.62) 1.79 (1.24 to 2.60) 0.015 1.75 (1.28 to 
2.41)

0.001

 � Adjusted model Ref 1.35 (0.88 to 2.08) 1.07 (0.66 to 1.73) 1.41 (0.91 to 2.19) 0.299 1.36 (0.91 to 2.03) 0.132

 � ALT, range (U/L) 6–18 19–23 24–33 34–231

 � Number of cases 66 65 61 93

 � Crude model Ref 1.13 (0.77 to 1.64) 1.00 (0.68 to 1.46) 1.69 (1.18 to 2.41) 0.006 1.40 (1.14 to 
1.72)

0.001

 � Adjusted model Ref 1.21 (0.77 to 1.90) 0.80 (0.50 to 1.29) 1.24 (0.80 to 1.93) 0.384 1.14 (0.88 to 1.48) 0.328

 � AST/ALT, range −5.2 to −0.39 −0.40 to −0.07 −0.08 to 0.21 0.22 to 2.64

 � Number of cases 71 80 62 60

 � Crude model Ref 0.96 (0.67 to 1.38) 0.76 (0.52 to 1.11) 0.79 (0.54 to 1.16) 0.143 0.91 (0.67 to 1.24) 0.554

 � Adjusted model Ref 1.17 (0.77 to 1.77) 0.90 (0.58 to 1.42) 1.11 (0.70 to 1.77) 0.858 1.07 (0.75 to 1.52) 0.721

The values given in bold are significant when p<0.05.
*Crude model adjusted for sex and age at blood draw. Multivariable model additionally adjusted for baseline height, waist, body mass index, lifetime 
alcohol consumption, smoking history, education, diabetes and physical activity. Models with CVD death as an endpoint were additionally adjusted 
for total and high-density lipoprotein cholesterol, triglycerides and C reactive protein. Quartile ranges are sex specific and based on the distribution in 
the subcohort.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AST/ALT, De Ritis ratio; GGT, gamma-
glutamyltransferase; HR continuous, continuous HR for a doubling in biomarker concentration; p-value cat, p-trend over lipid biomarker levels based 
on the median of each quartile category; p-value cont, p-trend continuously.

Table 4  Continued

Regarding the De Ritis ratio (AST/ALT), as a composite 
index of liver function, only one previous prospective 
investigation was conducted, in Japan, focusing exclu-
sively on mortality endpoints. In this study, by Yokohama 
et al, which included a total of 250 deceased participants 
after 10 years of follow-up, a high AST/ALT ratio was 
found to be an independent predictor of all-cause and 
cardiovascular mortality. We observed a similar positive 
risk association with all-cause mortality and not with CVD 
mortality when multivariable adjustments were made, 
but with cancer mortality. Interaction analyses by median 

alcohol intake revealed that the association of a high De 
Ritis ratio with all-cause death was confined to partici-
pants with higher-than- average alcohol consumption, 
that is, 4 g/d for women and 20 g/d for men, which might 
be an indicator for advanced liver disease in these partic-
ipants. According to Botros, the De Ritis ratio provides 
useful diagnostic and prognostic information2 and our 
results generally support the conclusion of Yokohoma 
that measuring this ratio during routine health check-ups 
may be a simple and cost-effective marker for all-cause, 
CVD and/or cancer mortality.
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While participants with above-normal values of liver 
enzymes had clearly increased risks for all-cause mortality, 
the associations of GGT were not apparent and those for 
ALP were weaker in analyses based on enzyme levels in 
quartile categories. In our categorical analyses, the top 
quartile category generally included high proportions of 
subjects with enzyme values that were elevated but largely 
within the normal range. And further, with each addi-
tional liver enzyme being above normal, the higher the 
risk for cancer, CVD and all-cause mortality. Especially 
for cause-specific mortality, a score based on all four liver 
enzymes is more informative than each enzyme alone. 
Thus, our observations indicate that enzyme values above 
the clinical normal range, as derived from assay-specific 
laboratory manuals and comparably to charts used by 
general practitioners for decision-making, and in combi-
nation may be predictive for risk of all-cause and cancer 
mortality. However, we also observed significant and 
strong associations of risks of incident lung cancer with 
more moderately elevated ALP levels, within the normal 
range (above 70 U/L and not only above 125 U/L), 
suggesting that individuals with moderately increased 
ALP levels may deserve closer monitoring in view of risks 
of developing future lung cancer.

Liver enzymes and cancer incidence and mortality
Surprisingly, circulating liver enzyme levels were mostly 
not associated with risk of single incident cancers in our 
prospective study. Exceptions are the strong positive asso-
ciations of ALP with lung cancer risk, as already depicted 
above, and positive associations of the De Ritis ratio with 
incident prostate cancer. While previous prospective 
investigations found rather consistent positive associ-
ations for high GGT levels with risk of lung, colorectal, 
prostate or breast cancer, limited (ALT and gastrointes-
tinal cancers) or even zero studies of ALP, AST or the 
De Ritis ratio in relation to the four cancer entities have 
been conducted so far. Our subgroup analyses on median 
alcohol consumption should be treated with caution 
despite significant p values and HRs as number of cases 
within each subgroup were relatively small and are of 
exploratory nature. Because of the large number of tests 
performed, we cannot rule out that some of our observed 
associations are due to chance alone.

Plausibility
The most commonly proposed biological mechanisms 
for the increased risks of incident CVD and mortality 
with elevated levels of the four liver enzymes include the 
presence of underlying but unrecognised chronic liver 
diseases, which itself increases the risk of fatal and non-
fatal CVD events.29 30 Enzyme-specific rationales have also 
been postulated. For the associations of high GGT levels 
with risk of incident CVD, these include involvement of 
GGT in atherosclerosis by enhancing plaque formation, 
fostering an inflammatory milieu and triggering oxidative 
stress.31 Underlying pathways for the possible association 
of high GGT levels with incident lung cancer risk are 

unclear, but postulated mechanisms for GGT have been 
nicely summarised by Kunutsor and colleagues for overall 
cancer and include the persistent production of reactive 
oxygen species and hyperglycaemia.16 ALP is an enzyme 
that catalyses the hydrolysis of organic pyrophosphate, an 
inhibitor of vascular calcification, resulting in increased 
calcification of vessels32—a well-documented risk factor 
for CVD. Why moderate increases in circulating ALP 
are also associated with higher lung cancer incidence is 
unclear. One possibility might be that high ALP levels 
appear to be independent predictors for bone metas-
tases that are commonly detected in patients with lung 
cancer.33 34 Thus, high ALP levels might be associated 
with lung cancer risk due to these unrecognised bone 
metastases years prior to a cancer diagnosis. Another 
possible explanation is residual confounding of smoking, 
which can never be ruled out with respect to lung cancer. 
Further studies are needed to confirm our findings on 
lung cancer, especially because these are based on the 
only prospective investigation so far.

Strengths and limitations
Our present analysis has several strengths. The large sample 
size allowed us to investigate associations with control for 
multiple confounders and in various subgroups. Further, 
the recruitment of disease-free individuals at baseline 
limits the possibility of reverse-causation bias as does the 
additional exclusion of participants with up to 2 years 
of follow-up in sensitivity analyse, where risks remained 
largely unchanged. We only observed a loss of signifi-
cance in the associations of elevated ALP with lung cancer 
incidence and all-cause mortality as well as of elevated 
AST with cancer mortality. However, this might merely 
be due to a decline in case numbers, as the lower limit 
of the CIs are close to one and the risks are comparable 
in either model. Limitations of our investigation include 
the potential of residual confounding due to measure-
ment error of potential confounders (ie, smoking and 
lung cancer) or even unmeasured confounders, such as 
family history of cancer, blood pressure or liver function 
tests. The latter were not possible to assess in our cohort, 
because quantification of blood cell counts necessary for 
score building is largely impossible in frozen buffy-coat 
pellets of blood lymphocytes (no storage of intact blood 
cells in our cohort). In addition, undetected liver diseases 
were only partly known by self-reporting and could, there-
fore, not be completely adjusted for. A further limitation is 
that blood was only taken once at baseline and might not 
reflect fluctuations of liver enzymes over time. However, 
liver enzymes are rather stable over time (for example, 
ALT does not fluctuate during the day35) and will only 
be elevated in response to a liver injury/disease.1 In the 
exploratory hypothesis generating analyses, we delved 
into detailed subgroup comparisons with sometimes 
reduced case numbers, and in the interest of providing 
a general overview and to point out findings of potential 
future interest, we report simple p values without further 
adjusting for multiple testing. We consider this more 
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valuable than to overlook associations which may afford 
preventive potential at a low cost of potential verification 
(and application). Obtained results in subgroup analyses 
should be treated with caution as number of cases were 
relatively small and results reflect exploratory analyses.

Conclusions
Our results, based on a well-characterised population 
cohort and partly in line with findings from previous 
prospective investigations, indicate that measurements 
of serum liver enzymes, as routinely performed in health 
check-ups, may provide relevant indications for the iden-
tification of individuals at increased risk for all-cause 
mortality. However, our findings do not support a strong 
role of elevated liver enzymes with major CVD events or 
CVD mortality. Further prospective studies are needed to 
verify our first results on ALP, ALT, AST and the De Ritis 
ratio and individual cancers and specifically whether even 
more moderate elevations of ALP predict an increased 
risk for future lung cancer. Verification of our results on 
a composite score of liver enzymes and its association 
with all-cause and cause-specific mortality are additionally 
warranted. If our results on associations of liver enzymes 
and mortality can be replicated in independent studies, 
the need to keep liver enzymes in the normal range 
would become even more urgent and monitoring of liver 
enzymes would harbour a preventive potential beyond 
liver diseases.
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