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Abstract

Background: Although elevated serum gamma-glutamyltransferase (GGT) is a
known indicator of increased risk of several cancers, the clinical value of repeated
measurements of GGT has not been determined. Therefore, we aimed to investigate
whether repeatedly elevated serum GGT levels are associated with the risk of respira-
tory cancer incidence.

Methods: We included participants who had undergone the Korean Health screen-
ing four times during 2009-2012 and had previously undergone four consecutive ex-
aminations. Those who were diagnosed with respiratory cancer before the date of
examination were excluded. The participants obtained one GGT point if their GGT
levels were in the highest quartile (the quartile 4 group). We analyzed the association
between GGT points and respiratory cancer incidence by Cox proportional hazard
models.

Results: During mean follow-up of 6.39 + 1.2 years, 3,559,109 participants were en-
rolled. Of them, 8,944 (0.34%) men and 1,484 (0.14%) women were newly diagnosed
with respiratory cancer. In multivariate analysis adjusted for confounding factors,
male participants with 4 GGT points had a significantly higher hazards of developing
respiratory cancer than those with 0 GGT points (hazard ratio [HR]: 1.39; 95% con-
fidence interval [CI]: 1.31-1.48). Among female, participants with the highest points
of GGT also had sixfold increased risk of developing laryngeal cancer. However, no
significant association was observed between GGT points and lung cancer incidence
among women (HR: 0.95; 95% CI: 0.81-1.11).

Conclusion: Repeatedly elevated serum levels of GGT were associated with a higher
risk of respiratory cancer incidence, especially in men. This finding suggests that phy-
sicians can identify a person with a higher risk of respiratory cancer through a simple

repeated measurement of GGT.
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1 | INTRODUCTION

Gamma glutamyltransferase (GGT) is distributed on cell
membranes and abundant in tissues with a transport function,
such as the kidney and biliary system.l Elevated serum GGT
is known as a marker of not only hepatic injury and alcohol
consumption, but also various other disease including diabe-
tes, cardiovascular disease, or metabolic syndrome.z'4 Several
studies evaluated the mechanism underlying this association
based on GGT’s protective role against inflammation and ox-
idative stress.”® Inflammation and oxidative stress are estab-
lished risk factors for cancer. Several epidemiological studies
have reported the association with elevated serum GGT and
the risk of cancer incidence.®® In an Austrian cohort study,7’8
dose-proportion to baseline GGT levels was significantly as-
sociated with respiratory and intrathoracic organ cancer. Mok
et al. ? showed that various cancers including lung cancer
were related to the highest GGT quintiles using the insur-
ance database. According to a previous biochemical study,
non-small cell lung carcinomas (NSCLCs) have higher GGT
activity than normal lung tissues.'” However, these studies
have limitations in that they used only one value of GGT such
as the baseline level ° or the sum of multiple measured GGT
levels.”® The GGT level may fluctuate, with certain patients
having consistently elevated GGT levels, while others having
isolated elevations. Therefore, studies based on a single mea-
surement of GGT could not truly reflect and predict signif-
icance for respiratory system cancer incidence. Thus, serial
measurement of GGT levels may result in higher sensitivity
to evaluate the contributable risk of GGT levels in respiratory
cancer than single measurement of GGT levels based on the
fact that there is a lesser possibility to miss out the isolated el-
evation of GGT. Therefore, we aimed to investigate whether
repeatedly elevated GGT levels are associated with the risk
of respiratory cancers including lung and laryngeal cancers
using a large database.

2 | METHODS
2.1 | Data source of National Health
Insurance Services

We used the database of the National Health Insurance
Service (NHIS), which covers 97.2% of the Korean popula-
tion."" All insured Koreans older than 40 years are eligible
for health screening, which is performed every 2 years. The
NHIS supports annual health check-up for employees older
than 20 years. The key variables of the NHIS maintain in-
formation on participants’ demographics, income, laboratory
results, risk factors of health problems, claims for disease di-
agnosis codes of the International Classification of Diseases
(ICD-10), and treatment.'?
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This study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the Institutional Review Board of Seoul National University
Hospital (IRB No: 1906-009-1036). The requirement for in-
formed consent from participants was waived because only
de-identified database entries were accessed for analytical
purposes.

2.2 | Study population

We included individuals aged >20 years who previously un-
derwent health screening four times from 2005 until 2012
including the last examination performed between 2009 and
2012, which was defined as the baseline period in this study.
Individuals with any existing cancer, as determined based
on the ICD-10 codes or expanding coverage for all cancers,
at the baseline period were excluded. Individuals with miss-
ing data and those who died or had an event in 1 year were
also excluded. Participants were followed up until December
2017.

2.3 | Measurement of clinical
parameters and biochemical analysis

Standardized self-administered questionnaires were col-
lected. The questionnaires comprised questions regarding
patients’ age (years), sex, smoking status (never, ex, and cur-
rent), alcohol consumption (frequency and amount), yearly
income, level of physical activity, and underlying diseases.

Height (m) and body weight (kg) were measured using an
electronic scale, and body mass index (BMI) was calculated
as follows: BMI = body weight (kg)/height2 (m?). Waist cir-
cumference (WC) was measured at the midpoint between the
lower costal margin and the iliac crest by a trained examiner.
Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured after 5 min of rest.

After overnight fasting, blood samples were collected
from each participant and analyzed using standardized lab-
oratory methods. Baseline laboratory examinations included
fasting glucose, total cholesterol, low-density lipoprotein cho-
lesterol, high-density lipoprotein cholesterol, triglycerides
(TG), aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and GGT.

Diagnoses of hypertension (HTN), DM, and dyslipidemia
were defined based on laboratory data or anthropometric
measurements (SBP 140 mmHg or DBP 90 mmHg; fasting
glucose level >126 mg/dL; total cholesterol levels >240 mg/
dL) or ICD code (ICD codes 110-113 or 115, E11-E14, and
E78) and medication use including antihypertensive medica-
tions, insulin, or oral hypoglycemic agents or dyslipidemia
medication.
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Participants were given “GGT points.” One point was
given if the GGT levels were in the highest quartile (the quar-
tile 4 group) on examination. An additional 1 point was given
if the GGT level was in the quartile 4 group of the levels
measured that year. For example, participants whose GGT
level was repeatedly included in the highest quartile on four
consecutive examinations (in 2010, 2011, 2012, and 2013)
obtained 4 GGT points. By contrast, participants whose GGT
level was not in the quartile 4 group in all four examinations
obtained 0 GGT points (Figure 1).

2.4 | Outcomes

We evaluated the incidence of respiratory cancer using the
claims records of NHIS during the follow-up period. Lung
cancer was defined for ICD codes C33 or C34 with expand-
ing benefit coverage for lung cancer. Laryngeal cancer was
also defined using the ICD code C32 with the expanding ben-
efit coverage for laryngeal cancer.

2.5 | Statistical analysis
As there is a sex-based difference in the levels of GGT,13 we
conducted separate analyses by sex.

Continuous variables were expressed as mean + stan-
dard deviation, while categorical variables were expressed
as number and percentage. Group comparisons were per-
formed using one-way analysis of variance for continuous
variables and chi-square tests for categorical variables. For
non-normally distributed variables, log transformation was
performed. The incidence rate of respiratory cancer was cal-
culated as the number of events divided by the summation
of person-years (per 1,000). To adjust for covariates, mul-
tivariable Cox proportional hazards regression models were
used. We also performed a subgroup analysis to evaluate the
impact of GGT points on respiratory cancer incidence ac-
cording to smoking status, BMI, baseline quartile of the GGT

level, and alcohol consumption. Statistical analyses were per-
formed using SAS version 9.3 (SAS Institute Inc.) and R ver-
sion 3.2.3 (The R Foundation for Statistical Computing). A
two-sided p value of less than 0.05 was considered to indicate
statistical significance.

3 | RESULTS

3.1 | Baseline characteristics

A total of 3,559,109 participants were included, and their
baseline characteristics according to GGT points by sex are
summarized in Table 1.

Among men, 62.1% of the participants had 0 GGT points,
260,084 (10.1%) had one GGT point, 177,029 (6.9%) had 2
GGT points, 181,702 (7.1%) had 3 GGT points, and 355,079
(13.8%) had 4 GGT points. Those with higher GGT points
were more likely to be current smokers and heavy drink-
ers and have metabolic disease including DM, HTN, and
dyslipidemia. Those with higher GGT points had worse
health indices including higher BMI, WC, SBP, DBP, fast-
ing glucose, total cholesterol, and TG, ALT, and AST than
those with lower GGT points. During a mean follow-up of
6.39 + 1.2 years, 8,944 (0.34%) participants with respiratory
cancer were identified. Among them, 8,348 (0.32%) and 642
(0.02%) participants were diagnosed with lung and laryngeal
cancers, respectively. Moreover, 46 (0.00001%) participants
were diagnosed with both lung cancer and laryngeal cancer.

Among women, 566,518 (57.3%) had 0 GGT points,
153,299 (15.5%) had one GGT point, 83,247 (8.4%) had 2
GGT points, 70,183 (7.1%) had 3 GGT points, and 116,089
(11.7%) had 4 GGT points. Those with higher GGT points
were more likely to be current smokers and heavy drinkers
and have metabolic disease including DM, HTN, and dys-
lipidemia. Those with higher GGT points had worse health
indices including higher BMI, WC, SBP, DBP, fasting glu-
cose, total cholesterol, and TG, ALT, and AST than those
with lower GGT points. A total of 1,484 (0.15%) participants

Examinations Baseline

Follow-up duration

2006 2007 2008 |2009 2010 2011 2012

2017

t t t
t tt t
tt t
t ot t

Participants get 1 point at each exam
if GGT is quartile 4 for males
GGT is quartile 4 for females

GGT points = Sum of points (0 to 4)

Outcomes evaluation
: Incidence of respiratory cancer

FIGURE 1
study participants

Flow of enrolment of the
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had respiratory cancer, while 1,470 (0.15%) and 15 (0.002%)
participants were diagnosed with lung and laryngeal cancers,
respectively. Only one participant was diagnosed with both
lung cancer and laryngeal cancer. In both sexes, the higher the
GGT points, the higher was the BMI and WC. Furthermore,
those with the highest GGT points were associated with in-
creased levels of fasting glucose, BP, and TG, which are com-
ponents of metabolic syndrome, compared with those with 0
GGT points.

We also evaluated the demographic and clinical charac-
teristics of the study population according to baseline GGT
quartiles by sex. Based on the results of the GGT point group,
participants with higher baseline GGT quartiles showed
worse health indices and were likely to have risk factors for
health problems (Supplementary Table 1).

3.2 | Association of GGT with the risk of
incidence of lung and laryngeal cancers

Among men, the higher the GGT points, the higher was the
risk of respiratory cancer (p for trend < 0.001). Those with
4 GGT points had the highest risk of respiratory cancers
compared with those with 0 GGT points after adjustment for
age, smoking status, alcohol consumption, income, HTN,
DM, dyslipidemia, BMI, and physical activity (adjusted HR
[aHR]: 1.39, 95% CI: 1.31-1.48). Participants with 4 GGT
points had a higher risk of laryngeal cancer incidence than
those with 0 GGT points even after adjustment for age,
smoking status, alcohol consumption, income, HTN, DM,
dyslipidemia, BMI, and physical activity (aHR: 1.87 95%
CI:1.51-2.32). We also found that the higher the GGT points,
the higher was the incidence of lung cancer (4 GGT points
vs. 0 GGT point; aHR: 1.36, 95% CI: 1.27-1.45) (Table 2).

Women with 4 GGT points had a sixfold higher risk of la-
ryngeal cancer than those with 0 GGT points (aHR: 5.97,95%
CI: 1.38-25.91), and there was a significant dose-response
relationship (p for trend = 0.02) (Table 2). However, no sig-
nificant associations were observed between GGT points and
respiratory cancers and lung cancer incidence.

In the analysis using baseline GGT quartiles, the high-
est baseline GGT quartile was significantly associated with
increased respiratory cancer incidence, showing a dose—
response relationship (p for trend across GGT quartiles, all
p for trend < 0.001). This result was observed only among
men (Table S2).

Subgroup analysis was performed based on smoking
status, BMI, baseline GGT quartile group, and alcohol con-
sumption (Table S3). Among men, significant effect modi-
fication by BMI categories was observed. Among men with
BMI lower than 18.5 kg/mz, those with higher GGT levels (3
and 4 GGT points) had significantly higher risk of respiratory
cancer (aHR: 2.69, 95% CI: 1.81-4.00; aHR: 1.97, 95% CI.

1.38-2.81, respectively) than those with lower GGT levels
(0 to 2 GGT points) (p for interaction = 0.002) (Figure 2).
No significant interactions were observed in other subgroups.
Among women, participants with BMI lower than 18.5 kg/
m? and higher GGT levels (3 and 4 GGT points) had a higher
risk of respiratory cancer than those with lower GGT levels,
but there was no significant difference (Figure 2).

4 | DISCUSSION

This population-based, large-scale study reported that per-
sistently elevated serum levels of GGT are associated with
an increased risk of respiratory cancer development. Among
men, persistently elevated serum levels of GGT were asso-
ciated with increased respiratory cancer incidence, in both
lung and laryngeal cancers; among women, GGT level was
associated with only increased incidence of laryngeal can-
cer, but not with lung cancer. Our study had sufficient power
due to the large sample size, and we analyzed men and
women separately, which helped us observe the influence
of sex-based differences on the association between GGT
and respiratory cancer risk. Furthermore, the long follow-up
duration (64.8 months) does not add value to this study be-
cause the outcome (cancer incidence) does not occur within a
short period. We included a sufficiently long washout period
(4 year), which allowed us to determine the true association
between GGT elevation and risk of respiratory cancer by ex-
cluding participants with respiratory cancer before elevated
GGT exposure.

We used serial measurement of GGT, not just single mea-
surement (baseline). No study has previously reported the
association between repeated elevation of GGT levels and
the increased risk of respiratory cancer incidence. Previous
epidemiological studies have evaluated the overall cancer in-
cidence by performing a single GGT measurement or other
study that performed a series of GGT measurements and they
contained and analyzed in two groups, one group included
participants whose the mean of the multiple GGT measure-
ments was higher than the baseline, the other group was
not.”” In our study, 13.8% of men and 11.7% of women had
4 GGT points. Thus, if repeated measurements of GGT were
not performed, many participants would have been diagnosed
as negative. Those with 1-3 GGT points might have a normal
or low GGT level when serum GGT is measured only at one
time point. Furthermore, our study showed that not only par-
ticipants with 2—4 GGT points but also those with one GGT
point had increased risk of respiratory cancer compared with
those with 0 GGT points in both sexes. In men, the higher
the GGT points, the higher was the risk of respiratory cancer.
This finding suggests that repetitive and sequential measure-
ment of the serum GGT enables the identification of groups
with higher risk for respiratory cancer.
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The relationship between the persistently elevated GGT
level and the incidence of respiratory cancers can be explained
by several hypotheses. First, persistently elevated serum GGT
levels reflect chronic inflammation and oxidative stress,
which contribute to tumor development and progression.m’15
Prolonged production of cytokines and growth factors from
alveolar macrophages and lymphocytes by chronic inflamma-
tion was observed in lung cancer patients.lé"]7 Furthermore,
hydrogen peroxide (H,0,), a highly reactive oxygen species
known to inhibit the growth of lung cancer, is metabolized
into O, and H,O by glutathione peroxidase; previous stud-
ies have reported that the association of GSH level with lung
cancer is likely through this mechanism. '8 However, no study
has explored the mechanism of how elevated levels of both
GSH and GGT are related to lung cancer, but several studies
have shown that they were elevated in NSCLC cell line and

FIGURE 2 Association of the GGT
points and risk of respiratory cancer, based
on BMI levels. (A) Male (B) Female
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in the tumor-bearing lobe.'%!20 Second, an elevated GGT
level is related to obesity,ZI‘22 which is a known risk factor of
developing lung cancer.”> Our study showed that the higher
the GGT points, the higher the BMI and WC. Moreover, a
persistently elevated GGT has a stronger association with
obesity. Those with higher serum GGT levels are more likely
to have metabolic syndrome, which increases the incidence
of laryngeal cancer.”* We also found that as GGT points in-
creased, the levels of fasting glucose, BP, and TG, which are
components of metabolic syndrome also increased.

Our study did not observe any significant relationship
between GGT levels and the risk of total respiratory cancer
and lung cancer in women.>’ In fact, previous studies showed
contrasting results. In the Austrian cohort study, elevated
GGT concentrations were associated with an increased risk of
malignant neoplasms of the respiratory system/intrathoracic
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organ among women. However, the Austrian study included
mesothelioma; thymoma; and malignant neoplasm of the
nasal cavities, middle ear, larynx, trachea, and lung; and heart
tumors to define “tumors of the respiratory system and in-
trathoracic organ”.® Whether serum GGT level is associated
with an increased risk of lung cancer incidence alone remains
unclear. Another study that analyzed the association between
baseline GGT level and lung cancer incidence in women
showed no significant relationship between two variables.’
By contrast, our study have advantages; that is, we analyzed
the incidence of cancer in each organ, instead of showing the
sum of organ-specific cancer, such as “respiratory system and
intrathoracic organs” and repeated measurements of GGT not
at the baseline.” The differences in histological subtypes of
tumors between sexes could affect the results. Women are
more likely to present adenocarcinoma histologic type than
men.”> However, we could not verify the hypothesis due to
lack of data in our study. Lastly, the lower cutoff levels of
the highest quartile in women than in men might mitigate the
effects of GGT levels on cancer incidences because the ab-
solute GGT levels were lower in women than in men. In our
study, the average GGT level in the highest quartile (Q4) in
women was >21, while that in men was >50, which is more
than twice as different as that in women.

GGT levels are influenced by age, dietary, and lifestyle-
related factors.**" A subgroup analysis was performed to
determine the influence of these factors. We found significant in-
teractions between the BMI group and the effects of GGT points
on the risk of total respiratory cancer, lung cancer, and laryngeal
cancer in men (p for interactions < 0.05). Lean participants with
a BMI of <18.5 kg/m2 showed the highest association between
the GGT points and the risk of cancers. If both GGT and adi-
posity increased the risk of respiratory cancers, GGT could have
more room for affecting the risk of cancer incidence in the group
with low BMI where the effect of adiposity is minimal.

In conclusion, repeatedly elevated serum levels of GGT
were associated with a higher risk of respiratory cancer in-
cidence, especially in men, in our large population-based
cohort study. Physicians could identify a person with higher
risk of respiratory cancer by conducting a simple repeated
measurement of GGT levels.
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