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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.1 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.2-4 Several 
studies evaluated the mechanism underlying this association 
based on GGT’s protective role against inflammation and ox-
idative stress.5,6 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.6-8 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. 9 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.10 However, these studies 
have limitations in that they used only one value of GGT such 
as the baseline level 9 or the sum of multiple measured GGT 
levels.7,8 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.11 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.12

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 (m2). 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 I10–I13 or I15, 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 

F I G U R E  1   Flow of enrolment of the 
study participants
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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/m2, 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/
m2 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.7-9 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.14,15 
Prolonged production of cytokines and growth factors from 
alveolar macrophages and lymphocytes by chronic inflamma-
tion was observed in lung cancer patients.16,17 Furthermore, 
hydrogen peroxide (H2O2), a highly reactive oxygen species 
known to inhibit the growth of lung cancer, is metabolized 
into O2 and H2O by glutathione peroxidase; previous stud-
ies have reported that the association of GSH level with lung 
cancer is likely through this mechanism.18 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 

in the tumor-bearing lobe.10,19,20 Second, an elevated GGT 
level is related to obesity,21,22 which is a known risk factor of 
developing lung cancer.23 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.24 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.8,9 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 

F I G U R E  2   Association of the GGT 
points and risk of respiratory cancer, based 
on BMI levels. (A) Male (B) Female
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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”.8 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.9 
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.25 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.26,27 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.

CONFLICT OF INTEREST
The authors made no disclosures.

AUTHOR CONTRIBUTIONS
YJL: Conceptualization, Methodology, Writing- 
Original draft preparation, Validation. KDH and DHK: 
Conceptualization, Data curation, Software, Validation. 
CHL: Conceptualization, Writing- Original draft preparation, 
Writing- Reviewing and Editing, Supervision.

DATA AVAILABLE STATEMENT
The data that support the findings of this study are available 
on request from the corresponding author. The data are not 
publicly available due to privacy or ethical restrictions.

ORCID
Chang-Hoon Lee   https://orcid.org/0000-0001-9960-1524 

REFERENCES
	 1.	 Whitfield JJCricls. Gamma glutamyl transferase. Crit Rev Clin 

Lab Sci. 2001;38(4):263-355.
	 2.	 Lee D-H, Jacobs DR, Gross M, et al. Steffes, γ-glutamyltransferase 

is a predictor of incident diabetes and hypertension: the Coronary 
Artery Risk Development in Young Adults (CARDIA). Study. 
2003;49(8):1358-1366.

	 3.	 Lee DS, Evans JC, Robins SJ, et al. Vasan, thrombosis, v. bi-
ology, Gamma glutamyl transferase and metabolic syndrome, 
cardiovascular disease, and mortality risk: the Framingham 
Heart Study. Arterioscler Thromb Vasc Biol. 2007;27(1):​
127-133.

	 4.	 Kasapoglu B, Turkay C, Bayram Y, Koca C. Role of GGT in di-
agnosis of metabolic syndrome: a clinic-based cross-sectional sur-
vey. Indian J Med Res. 2010;132:56-61.

	 5.	 Emdin M, Pompella A, Paolicchi A. Gamma-glutamyltransferase, 
atherosclerosis, and cardiovascular disease: trigger-
ing oxidative stress within the plaque. Am Heart Assoc. 
2005;112(14):2078–2080.

	 6.	 Koenig G, Seneff S. Gamma-glutamyltransferase: a predictive 
biomarker of cellular antioxidant inadequacy and disease risk. Dis 
Markers. 2015;2015:818570.

	 7.	 Strasak AM, Rapp K, Brant LJ, et al. Association of γ-
glutamyltransferase and risk of cancer incidence in men: a pro-
spective study. Can Res. 2008;68(10):3970-3977.

	 8.	 Strasak AM, Pfeiffer RM, Klenk J, et al. Prospective study of the 
association of gamma-glutamyltransferase with cancer incidence 
in women. Int J Cancer. 2008;123(8):1902-1906.

	 9.	 Mok Y, Son DK, Yun YD, Jee SH, Samet JM. γ-Glutamyltransferase 
and cancer risk: the Korean cancer prevention study. Int J Cancer. 
2016;138(2):311-319.

	10.	 Blair SL, Heerdt P, Sachar S, et al. Glutathione metabo-
lism in patients with non-small cell lung cancers. Can Res. 
1997;57(1):152-155.

	11.	 Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: The 
National Health Insurance Service-National Sample Cohort 
(NHIS-NSC), South Korea. Int J Epidemiol. 2017;46(2):e15.

	12.	 Song SO, Jung CH, Song YD, et al. Background and data con-
figuration process of a nationwide population-based study using 
the korean national health insurance system. Diabetes Metab J. 
2014;38(5):395-403.

	13.	 Manolio T, Burke G, Savage P, et al. Sex-and race-related differ-
ences in liver-associated serum chemistry tests in young adults in 
the CARDIA study. Clin Chem. 1992;38(9):1853-1859.

	14.	 Filaire E, Dupuis C, Galvaing G, et al. Lung cancer: what are the 
links with oxidative stress, physical activity and nutrition. Lung 
cancer (Amsterdam, Netherlands). 2013;82(3):383-389.

	15.	 Inci E, Civelek S, Seven A, Inci F, Korkut N, Burcax G. Laryngeal 
cancer: in relation to oxidative stress. Tohoku J Exp Med. 
2003;200(1):17-23.

https://orcid.org/0000-0001-9960-1524
https://orcid.org/0000-0001-9960-1524


1376  |      LEE et al.

	16.	 Gomperts BN, Spira A, Massion PP, et al. Evolving concepts in 
lung carcinogenesis. Semin Respir Crit Care Med. 2011; 32(1):32–
43. https://doi.org/10.1055/s-0031-1272867

	17.	 Brody JS, Spira A. State of the art. Chronic obstructive pulmo-
nary disease, inflammation, and lung cancer. Proc Am Thorac Soc. 
2006;3(6):535-537.

	18.	 Park WH. MAPK inhibitors, particularly the JNK inhibitor, in-
crease cell death effects in H2O2-treated lung cancer cells via in-
creased superoxide anion and glutathione depletion. Oncol Rep. 
2018;39(2):860-870.

	19.	 Cook JA, Pass HI, Iype SN, et al. Cellular glutathione and thiol 
measurements from surgically resected human lung tumor and nor-
mal lung tissue. Cancer Res. 1991;51(16):4287-4294.

	20.	 Dempo K, Elliott K, Desmond W, Fishman WH. Biology, medi-
cine, demonstration of gamma-glutamyl transferase, alkaline phos-
phatase, CEA and HCG in human lung cancer. Oncodev Biol Med. 
1981;2(1–2):21-37.

	21.	 Stranges S, Dorn JM, Muti P, et al. Body fat distribution, rela-
tive weight, and liver enzyme levels: a population-based study. 
Hepatology. 2004;39(3):754-763.

	22.	 Coku V, Shkembi X. Serum Gamma-glutamyltransferase and obe-
sity: is there a Link? Med Arch. 2018;72(2):112-115.

	23.	 Hidayat K, Du X, Chen G, Shi M, Shi B. Abdominal obesity and 
lung cancer risk: systematic review and meta-analysis of prospec-
tive studies. Nutrients. 2016;8(12):810.

	24.	 Kim S-Y, Han K-D, Joo Y-H. Metabolic syndrome and inci-
dence of laryngeal cancer: a nationwide cohort study. Sci Rep. 
2019;9(1):667.

	25.	 Lortet-Tieulent J, Soerjomataram I, Ferlay J, Rutherford M, 
Weiderpass E, Bray F. International trends in lung cancer inci-
dence by histological subtype: adenocarcinoma stabilizing in 
men but still increasing in women. Lung Cancer (Amsterdam, 
Netherlands). 2014;84(1):13-22.

	26.	 Puukka K, Hietala J, Koivisto H, Anttila P, Bloigu R, Niemela O. 
Age-related changes on serum ggt activity and the assessment of 
ethanol intake. Alcohol and Alcoholism (Oxford, Oxfordshire). 
2006;41(5):522-527.

	27.	 Whitehead T, Robinson D, Allaway S. The effects of cigarette smok-
ing and alcohol consumption on serum liver enzyme activities: a 
dose-related study in men. Ann Clin Biochem. 1996;33(6):530-535.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Lee YJ, Han K, Kim DH, Lee 
C. Determining the association between repeatedly 
elevated serum gamma-glutamyltransferase levels and 
risk of respiratory cancer: A nationwide population-
based cohort study. Cancer Med. 2021;10:1366–1376. 
https://doi.org/10.1002/cam4.3735

https://doi.org/10.1055/s-0031-1272867
https://doi.org/10.1002/cam4.3735

