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Abstract

BACKGROUND & AIMS: Interpreting levels of liver enzymes is often challenging because they may be
influenced by metabolic processes beyond the liver. Given their pathophysiologic roles in inflammation
and oxidative stress, higher levels of these enzymes may be associated with increased risk of mortality.
However, studies have found inconsistent results. Thus, we examined the association of liver enzymes
levels with cancer mortality in the general U.S. adult population.

METHODS: We used the US National Health and Nutrition Examination Survey from 1999 to 2016.
Kaplan-Meier survival curve comparisons were examined across quartiles of liver enzymes. Cox
proportional hazards models were built to examine the relationship between cancer mortality and liver
enzymes quartiles without and with adjustment for potential confounding factors.

RESULTS: During the 338,882 person-years follow-up, 1059 participants had cancer-related deaths. There
was a nonlinear U-shaped relationship between serum alanine and aspartate aminotransferase (ALT and
AST) levels and cancer mortality. There was no relationship between cancer mortality and gamma
glutamyltransferase (GGT), however, each 10 IU/L increase in GGT after median was associated with 1%
higher mortality risk (HR=1.01; 95% CI=1.00, 1.02; P=0.001). Only subjects with high levels of alkaline
phosphatase (ALP) had higher cancer mortality (HR=1.63; 95CI=1.30, 2.05; P<0.001 and HR=1.52;
95%ClI=1.20, 1.94; P=0.001 respectively).

CONCLUSIONS: Only the lowest and highest serum ALT and AST levels are associated with increased
cancer mortality. For ALP, the relationship is present at higher levels. The association with GGT was not
robust to different analyses. The mechanisms underlying the observed relationships need further
exploration.

Introduction

Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma
glutamyltransferase (GGT), and alkaline phosphatase (ALP) are commonly used biomarkers for liver
disease because of their abundance in hepatocytes.! Besides, because of their presence in other tissues,
these enzymes may also be potential biomarkers for various diseases.?2™* Previous studies suggested a
correlation between serum liver enzymes levels and visceral adiposity.°~” Other studies have shown
associations between elevated liver enzymes levels and risk of type 2 diabetes mellitus (T2DM) and
metabolic syndrome (MS) even in absence of liver disease such as viral hepatitis, and both are well
known risk factors for numerous adverse health outcomes.*>8? A possible role of liver enzymes as
markers of all-cause mortality and mortality from non liver diseases, such as cancer, is yet to be clarified.
Further, there are concerns for chronic exposure to low concentration toxins and inflammation. Toxins
and chronic inflammation are often associated with both low grade liver damage as well as various
cancers. This hypothesis can explain the liver enzymes-cancer relationship by means of ‘systemic chronic
inflammation (SCI)’ and environmental toxicant exposures across life span. The perturbation in the
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balance between pro- and anti-inflammatory responses is a potential driver of tissue damage and
carcinogenesis. One of the chronic inflammatory states linked to liver damage and risk of malignancy is
NAFLD, Although usually associated with obesity, NAFLD can also develop in non-obese individuals. This
subpopulation of individuals, known to have ‘lean NAFLD’ or ‘non-obese NAFLD’, is growing in
prevalence.'’ Cancer-related mortality is among the top three causes of death in individuals with
NAFLD."0

While there is significant evidence for an association between liver enzymes elevation and all-cause
mortality outcomes, the data on cancer-related mortality is limited and controversial.2%2" Prospective
epidemiological studies have demonstrated an association between elevated liver enzymes and risk for
cancer mortality in certain subpopulations. For example, studies have reported an association between
elevated ALT levels and cancer mortality among male Korean workers?? and in the elderly Italian
population??. Similarly, elevated GGT levels have been associated with a higher risk of cancer mortality;
several population-based Austrian cohorts of healthy men and women found a dose-response
relationship of GGT with cancer incidence and mortality3242°. Although elevated liver enzyme levels have
been associated with cancer mortality in subgroups of populations?®, such association remains unclear
in the general population?2. Prior studies reported inconsistent results and had limitations such as lack of
generalizability to the general population, short duration of follow-up, small sample size, retrospective
study design, and lack of adjustment for important confounders such as smoking'?3. To address these
shortcomings, and to study the relationship between serum levels of liver enzymes and cancer mortality
in the general population, we examined this relationship in a large sample representative of the general
adult population of the United States using the National Health and Nutrition Examination Survey
(NHANES).

Materials And Methods

Study Population: The NHANES is an ongoing cross-sectional, complex, multistage, stratified, clustered
sampling design survey representative of the civilian, non-institutionalized population of the United
States. NHANES was approved by the Centers for Disease Control and Prevention’s Institutional Review
Board and all participants provided written informed consent. A detailed description of the survey and its
sampling procedures are available on its web site '], Participants from nine survey cycles (1999-2016)
who were older than 18 years, had serum liver enzyme levels measured, and had information on their vital
status were included in this study.

Variable Definitions: Participants self-reported their age, sex, and race. Participants were categorized as
smokers if they were actively smoking at baseline, ever smokers if they had smoked at least 100
cigarettes during their lifetime, and nonsmokers if they had never actively smoked. Individuals who drank
fewer than 12 drinks in a lifetime were defined as ‘nondrinkers’, those who drank five or fewer drinks/day
were defined as ‘light drinkers’, whereas individuals who drank more than five drinks were defined as
‘heavy drinkers’. Participants were classified as hypertensives if they were taking antihypertensive
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medications, had an average systolic blood pressure more than 140 mmHg, or an average diastolic blood
pressure more than 90 mmHg. The mean systolic and diastolic blood pressures were calculated from up
to four readings obtained in a seated position and using sphygmomanometers. Body mass index (BMI)
was calculated as kilograms divided by height in meters squared. Individuals were classified as diabetics
if they were taking medications for diabetes mellitus or had a hemoglobin A1C > 7%. Plasma glucose,
serum total cholesterol, and serum triglycerides levels were measured by using standardized methods.
Hemoglobin A1C was measured on the fully automated glycohemoglobin analyzer. Creatinine was
measured using the Jaffe rate method to determine the concentration of creatinine in serum. Glomerular
filtration rate (GFR) was estimated using the Chronic Kidney Disease Epidemiology Collaboration
equation.

Serum samples were collected and shipped at -20°C to the processing laboratory. Serum ALT, AST, ALP,
and GGT levels were assayed by using a Hitachi 737 Analyzer (Boehringer—Mannheim Diagnostics,
Indianapolis, IN) at the White Sands Research Center, Alamogordo, New Mexico. Each enzyme activity
was measured using an enzymatic method that monitors the rate of change in absorbance over a fixed-
time interval. The rate of change in absorbance is directly proportional to the liver enzyme activity in the
sample. Data on mortality status were obtained using a probabilistic match between NHANES and the
National Death Index (NDI) death certificate records. The NDI is a National Center for Health Statistics
(NCHS) centralized database of all USA deaths beginning in 1979. Time at risk was from the date of the
NHANES examination to the date of death or to December 31, 2016. The cause of death was attributed by
NCHS based on the International Classification of Diseases (ICD), 9th or 10th revision. Outcomes for this
analysis consisted of all-cause and cause-specific mortality (in this case cancer mortality (ICD-9: 140 to
239. ICD-10: C00-D48).27 For each death, the underlying cause is selected from an array of conditions
reported in the medical certification section on the death certificate using the Automated Classification of
Medical Entities (ACME). The conditions are translated into medical codes through the use of the
classification structure, and the selection and modification rules contained in the applicable revision of
the ICD, published by the World Health Organization (WHO).

Statistical Analysis: All analyses were conducted taking into account the complex survey sampling
design of the NHANES. Survey weights were generated from the nine 2-year cycles for the complete
dataset so that the results are representative of the US population. For descriptive statistics, data were
summarized as frequencies (percentages), or means + standard deviations (SD), as appropriate.
Differences between descriptive statistics were examined using the student’s t-test or chi-square test as
appropriate. Kaplan-Meier survival curves were compared across quartiles of liver enzymes using a log-
rank test. Using quartiles of each enzyme, hazard rate ratio (HR) estimates for mortality outcomes were
calculated with Cox proportional hazard regression models which were constructed without and with
adjustment for age, sex, race, BMI, hypertension, diabetes mellitus, alcohol use, cigarette smoking, and
estimated glomerular filtration. The difference in years between a participant’s age at the time of survey
examination and death or censoring was used as the measurement of follow-up time.?® Proportionality
of hazards was confirmed visually by examining the log-log survival curves and by comparing the
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observed Kaplan-Meier survival curves with Cox model predicted curves. To examine a nonlinear
relationship between enzyme levels and cancer mortality, we also used a piece-wise spline with a single
knot at the median. For sensitivity analysis, we used the Fine and Gray competing risk method to account
for mortality due to competing risks. All analyses were performed using Stata 16.1 (StataCorp, College
Station, TX). A P-value of < 0.05 was considered to indicate statistical significance.

Results

Of the 42,038 patients, 51.6% were women, 22.4% were active smokers, 69.6% were Caucasians, 30.4%
were hypertensive, and 8% were diabetics. The mean (SD) age of the cohort was 47.1 (19.4) years, serum
cholesterol 195.4 (43) mg/dl, and estimated GFR was 95.7 (25.4) mL/min. The mean (SD) of serum ALT
was 25.2 (25.3) U/ml, of AST was 25.5 (19.0) U/ml, of GGT was 29.1 (43.9) U/ml, and of ALP was 71.9
(27.6) U/ml. During the 338,882 person-years follow-up (median = 7.67 years), 1059 participants died of a
cancer-related cause. As expected, subjects who died during follow-up were older and more likely to be
men, hypertensive, diabetics, smokers (active or former), with hypertriglyceridemia and
hypercholesterolemia. Except for ALT and AST levels, the liver enzymes levels were higher in participants
who died as compared to those who did not (Table 1). Participants in the highest quartile of ALT had a
lower mortality rate than those in the lowest quartile (2.46 vs 3.55 per 1000 person-year) (Supplementary
Fig.1) with an incidence rate ratio of 0.69 (95%CI=0.58 to 0.83; P<0.0001). In contrast, participants in the
highest quartile of AST had a higher mortality rate than those in the lowest quartile (3.47 vs 2.92 per 1000
person-year) with an incidence rate ratio of 1.19 (95%CI = 1.00 to 1.41; P=0.04) (Supplementary Fig.2).
Similar findings were observed with GGT and ALP; individuals in the highest quartile had higher mortality
than those in the lowest quartile (4.02 vs 2.10 and 4.31 vs 2.41 per 1000 person-year respectively) with
incidence rate ratios of 1.92 (95%Cl = 1.59 to 2.31; P<0.001) and 1.79 (95%CI = 1.49 to 2.15; P<0.001)
respectively (Supplementary Fig. 3 and 4). In unadjusted Cox proportional hazards models, there was no
difference in cancer mortality between the lowest and highest quartiles of serum ALT levels (HR=0.86;
95%Cl=0.67, 1.10; P=0.24). On the other hand, the second and third quartiles had significantly lower
cancer mortality than the lowest quartile (HR=0.77; 95%Cl=0.62, 0.96; P=0.02 and HR=0.76; 95%CI=0.62,
0.94; P=0.01 respectively) suggesting a non-linear relationship. In adjusted models, a similar non-linear
relationship was noted; participants in the third quartile had lower mortality than those in the lowest
quartile (HR=0.79; 95%Cl=0.63, 0.99; P=0.04) while there was no significant mortality difference between
the lowest and highest quartiles (Table 2). The use of piece-wise spline with a single knot at the median
confirmed the nonlinear relationship (Table 3); each 10 IU/L increase in ALT was associated with a 30%
lower adjusted mortality risk until median (HR=0.70; 95%Cl=0.52, 0.94; P=0.02) while after median, each
10 IU/L increase in ALT was associated with a 2% increase in adjusted mortality (HR=1.02; 95%CI=1.01,
1.03; P<0.001). Similar results were seen with serum AST levels in both unadjusted and adjusted models
(Table 2). In adjusted models, while there was no difference between the lowest and highest quartiles
(HR=0.90; 95%CI=0.72, 1.12; P=0.35), second and third quartiles had significant lower mortality than the
lowest quartile (HR=0.72; 95%CI=0.60, 0.87; P=0.001 and HR=0.69; 95%CI=0.55, 0.87; P=0.002
respectively). Adjusted piece-wise spline model confirmed nonlinear relationship (Table 3); each 10IU/L
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increase in AST was associated with 36% lower mortality risk until median (HR=0.64; 95%Cl=0.47, 0.87,
P=0.004) and 3% higher risk after median (HR=1.03; 95%CI=1.02, 1.04; P<0.001). In contrast, while
individuals in the lowest quartile of GGT had a lower risk of mortality than those in the lowest quartile in
unadjusted models (HR=1.50; 95%Cl=1.20, 1.88; P<0.001), this relationship disappeared in adjusted
models (HR=1.20; 95%Cl=0.94, 1.54; P=0.14). There was no mortality difference between the lowest and
other two quartiles in unadjusted or adjusted models. In adjusted piece-wise spline models, there was no
relationship between cancer mortality and GGT until median, however, each 10 IU/L increase in GGT after
median was associated with 1% higher mortality risk (HR=1.01; 95%Cl=1.00, 1.02; P=0.001) (Table 3).
The relationship between serum ALP levels and cancer mortality was consistent between adjusted and
unadjusted models; only participants in the highest quartile had higher mortality than the lowest quartile
in unadjusted and adjusted models (HR=1.63; 95CI=1.30, 2.05; P<0.001 and HR=1.52; 95%CI=1.20, 1.94;
P=0.001 respectively). Consistent with the findings with quartiles, adjusted piece-wise spline models
found no relationship between cancer mortality ALP until median, however, each 10 IU/L increase in ALP
after median was associated with 5% higher mortality risk (HR=1.05; 95%CI=1.02, 1.08; P0.001) (Table 3).

Sensitivity Analysis: Because patients who died due to non-cancer-related causes during follow-up could
not have died due to cancer, we used competing-risk models, where deaths due to other causes were
treated as competing events. Using the competing risk models, the results were similar to those obtained
using the Cox proportional hazard models (Supplementary Table 1).

Discussion

In this study representative of the United States population, we have found a nonlinear U-shaped
relationship between serum ALT and AST levels and cancer mortality. Individuals at the lower as well as
at the upper end of the distributions had significantly higher cancer mortality than those in the middle of
the distribution; for both enzymes, mortality risk first decreases until the median and then increases after
the median. On the other hand, individuals with serum ALP levels at the higher end of the distribution
were at higher risk of cancer death during follow-up. Similarly, individuals with serum GGT levels at the
upper end of distribution may be at higher mortality risk than those with lower values. These results were
robust to adjustment for confounding variables as well as to the underlying assumptions for the Cox
proportional hazards models.

Several lines of evidence from cellular, animal models, and epidemiological studies suggest possible and
plausible mechanisms for the observed association between serum levels of these enzymes and cancer
mortality. The U-shaped association between serum ALT and AST levels and cancer mortality could be
because a portion of serum ALT and AST originate from skeletal muscles; therefore, low serum levels
may reflect sarcopenia with reduced release of ALT and AST into the blood by muscle. Sarcopenia has
been associated with higher mortality, therefore, the observed increase in mortality with low ALT and AST
may result from smaller muscle mass.2%2% Moreover, low ALT and AST levels were associated with
increased frailty and subsequent increased risk for mortality among the elderly population.3'32 Thus, low
ALT or AST levels might serve as a marker for sarcopenia and frailty. The association of mortality with
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high levels of AST and ALT might reflect some kind of liver injury in conjunction with other systemic
illnesses. The oxidative stress hypothesis may explain the associations between high serum liver
enzymes and cancer mortality®3. Subclinical inflammation may increase tissue damage and
susceptibility to noninfectious diseases including cancer®*. Another possible explanation is that
aminotransferase elevation is associated with alcohol use; therefore, alcohol-related diseases, such as
cancer, can occur more frequently in patients with elevated aminotransferase®®. To date, little is known
about the physiological functioning of ALP. It is strongly associated with c-reactive protein (CRP), a
marker of inflammation3®, potentially explaining its association with cell injury, inflammation, and cancer-
related mortality.3” GGT is regarded as less specific for liver injury but potentially more discriminating for
other diseases. GGT has long been considered a marker of excessive alcohol intake and more recently
has been suggested to reflect oxidative stress3® and exposure to environmental pollutants?*,

The observed increased cancer mortality with elevated serum ALT, AST, GGT, and ALP levels in this study
is consistent with the results from several other studies®>3°~41. Karaphillis et al. have shown that
individuals with serum ALTs < 17 IU/L were at high risk of all-cause mortality*2. Similarly, a nationwide
cohort study in Korea found that individuals with high serum ALT and AST were at higher risk of all-
cause, cardiovascular, and liver-related mortality than those with levels within the normal range.*3 Oh et al
reported a U-shaped relationship between ALT and all-cause mortality showing that the relationship exists
both at the higher and lower end of ALT.® However, the three studies did not examine the cancer-specific
mortality risk. Previous studies have reported AST to be a significant prognostic factor in various
malignancies such as lung, colonic or pancreatic cancer.3%3%4044 Similarly, GGT and ALP have been
shown to predict overall and cancer-free survival in cancer patients (20, 21, 22, 23, 24). The findings from
our study expand on the current evidence from other epidemiological studies and show that the cancer-
specific mortality risk is U-shaped for AST and ALT while it is linear for GGT and ALP.

Our study has potential limitations and several strengths. We used only a single serum enzyme level for
each individual that was obtained at baseline. Changes in the levels of liver enzymes over a lifetime were
not assessed resulting in potential misclassification of participants. However, such misclassification in
enzyme levels would bias results toward null and the true effect size may be larger than what we reported
above. A strength of our study is a large sample size and a nationally representative population, resulting
in the generalizability of our findings. Further, results were robust to statistical assumptions.

Conclusion

We report a nonlinear U-shaped relationship between cancer mortality and serum ALT and AST levels and
that the relationship between cancer mortality and ALP is present at higher ALP levels. From this
observational study, a causal association cannot be deduced. Data supporting strong biological
plausibility will be needed before a causal association can be considered. Therefore, underlying
mechanisms for the observed relationship need further study, as elucidating the mechanism may reveal a
pathway that may modify risk factors and reduce population morbidity and mortality. Randomized
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controlled trials with medications aimed at reducing liver enzymes and, therefore cancer-related mortality,
will be needed to examine a causal association; for example, a study may examine the effect of sorafenib
in reducing the incidence of liver cancer that is mediated through a change in liver enzymes.
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Tables

Table 1. Characteristics of the study population comparing those who died from cancer with

those who did not.

Variable Dead (N=1,059) Alive (N=40,979) P-value
Age years 663 (14.1) 46.6(19.2) <0.0001
Females, N (%) 420 (42.2) 21,243 (51.8) <0.0001
Estimated GFR., mL/min 772 (234) 96.1(25.2) <0.0001
BMI, kg/m’ 28.2 (5.9) 28.5 (6.7) 0.57
Race <0.0001

White, N (%) 583 (75.7) 18,688 (69.5)

Black. N (%) 224 (11.6) 8.397 (10.7)

Other, N (%) 252 (12.7) 13,894 (19.7)
CRP, mg/d]l (median(IQR))* 0.29 (0.54) 0.20 (0.40) <0.0001
Hypertension, N (%) 621 (54.4) 13,813 (29.9) <0.0001
Diabetes mellitus, N (%) 188 (14.5) 4364 (7.9) <0.0001
Cholesterol, mg/dl 198.8 (44.0) 195.3 (42.9) 0.005
Smoking <0.0001

Current Smokers, N (%) 256 (27.6) 8,112 (22.3)

Past Smoker, N (%) 431 (40.2) 9.361 (24.2)

Non-Smoker, N (%) 365 (32.2) 20,633 (53.4)
Alcohol Use 0.01

Heavy drinker, N (%) 66 (8.7) 4416 (13.0)

Light drinker, N (%) 675 (68.9) 22,886 (68.4)

Nondrinker, N (%) 241 (22.4) 8.075 (18.5)
ALT, U/ml (median(IQR))* 19(11) 21(12) 0.0002
AST, U/ml (median(IQR))* 23 (9) 23(8) 0.09
GGT, U/ml (median(IQR))* 23 (21) 20 (16) <0.0001
ALP. U/ml (median(IQR))* 73 (31) 68 (28) <0.0001

Data are shown as mean (SD) unless otherwise noted. SD, standard deviation. P-values were generated using

Wilcoxon rank-sum test.

BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT. gamma-glutamyl
transferase; ALP, alkaline phosphatase; CRP, C-reactive protein; GFR = glomerular filtration rate
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Table 2: Results of Cox proportional hazard models without and with adjustment for potential

confounders
ALT AST GGT ALP

Unadjusted
Quartile 1 | Reference Reterence Reference Reference

- 0.77 (0.62, 0.96): 0.68 (0.57, 0.82); 0.98 (0.77, 1.25); 1.21 (0.96, 1.53);
Quare? | aio2 <0.001 0.87 0.10

e 0.77 (0.62, 0.95): 0.65 (0.53, 0.80); L2 132 1.22 (0.98, 1.51);
Quarliled:. | i1 <0.001 0.86 0.08

gy oo 0.86 (0.68, 1.11): 0.86 (0.71, 1.04): 1.5141.2), 1. 88) 1.63 (1.30, 2.05);
Qunied |oui 0.11 <0.001 <0.001
Adjusted
Quartile 1 | Reference Reterence Reference Reference

" 0.80(0.62,1.01): | 0.72(0.60.0.87): | 0.86(0.67,1.10); | 1.18 (0.93, 1.50):
Quartile 2| 5 06 0.001 0.23 0.18

o2 | 0.79(0.63,0.99):: [0.69(0.55,087): | 0.87(0.66,1.16); | 1.16 (0.93, 1.46);
Quastics | 004 0.002 0.34 0.19

e 0.81 (0.60, 1.08): 0.90 (0.72, 1.12); 1.20 (0.94, 1.54); 1.52 (1.20, 1.94);
Quartile 41 514 0.35 0.14 0.001

Adjusted models included following variables: age. gender. hypertension, diabetes mellitus, race. smoking status,
alcohol use, estimated GFR

ALT = alanine aminotransferase, AST= aspartate aminotransferase: GGT= gamma-glutamyl transferase; ALP=
alkaline phosphatase
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Table 3: Results of the Cox Proportional Hazards Models using Piecewise Spline with a Single
Knot at Median

Unadjusted Adjusted

ALT — before median (<19 IU/L) 0.70 (0.54, 0.92): 0.01 0.70 (0.52, 0.94); 0.02
ALT - after median (=19 IU/L) 1.02 (1.01, 1.03); <0.001 1.02 (1.01, 1.03); <0.001
AST — before median (<23 IU/L) 0.58 (0.43, 0.76); <0.001 0.64 (0.47, 0.87); 0.004
AST — after median (=23 IU/L) 1.04 (1.03, 1.05); <0.001 1.03 (1.02, 1.04): <0.001
GGT - before median (<18 [U/L) 1.29(1.03. 1.61): 0.03 1.04 (0.81, 1.35); 0.75
GGT - after median (=18 IU/L) 1.02 (1.01, 1.02); <0.001 1.01 (1.01, 1.02); 0.001
ALP — before median (=72 IU/L) 1.12 (1.02, 1.25); 0.02 1.10(0.99, 1.23); 0.08
ALP — after median (=72 IU/L) 1.05(1.03, 1.07); <0.001 1.05 (1.02, 1.08): <0.001

Adjusted models included following variables: age, gender. hypertension, diabetes mellitus. race, smoking status,
alcohol use, estimated GFR

ALT = alanine aminotransferase. AST= aspartate aminotransferase: GGT= gamma-glutamyl transferase: ALP=
alkaline phosphatase
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