
Supplementary Table S2. Adjusted or matched covariates and sex hormone measurement methods of studies included in the meta-analysis 

First author Year Adjusted covariates Matched covariates Source of controls Blood sample type 
Sex hormone measurement 

methods 

Ming-Whei Yu1 1993 

HBsAg carrier status, positivity of serum 

anti-HCV, cigarette smoking, alcohol 

drinking, past liver disease history, and 

dietary habits 

Age, date of questionnaire 

interview and blood 

collection, and residential 

township 

Cancer-free control Serum RIA 

Jian-Min Yuan2 1995 Duration of cigarette smoking 

Age, time of blood 

sample collection, and 

neighborhood of 

residence 

Cancer-free control Serum RIA 

Nathalie Ganne-

Carrie3 
1997 Age, serum bilirubin and albumin - Cirrhosis Serum Solid-phase assay 

Anthony J. Alberg4 2000 - Age, sex, and race Cancer-free control Serum RIA 

Keitaro Tanaka5 2000 

Age, years since LC diagnosis, 

department, hospitalization status, heavy 

drinking history, albumin, aspartate 

aminotransferase, and AFP, the serostatus 

of HBsAg and anti-HCV, and other 

hormonal parameters 

- Cirrhosis Serum 

RIA (testosterone, free 

testosterone, estradiol), time-

resolved fluoroimmunoassay 

(SHBG) 

Ming-Whei Yu6 2001 

Age at recruitment, the time of blood 

draw, ethnicity, years of education, 

cigarette smoking, alcohol consumption, 

history of chronic liver disease, BMI, and 

other hormone-related factors 

Date of blood collection 

and year of birth 
HBV carriers Plasma 

Competitive immunoassay 

that uses direct 

chemiluminescent technology 

(testosterone), RIA (estradiol) 

Marc J. Gunter7 2008 Age, smoking, ethnicity, physical activity, - Subcohort Serum Immunodiagnostic assay 



waist circumference, use of NSAIDs in 

the preceding year, alcohol consumption, 

family history of colorectal cancer, 

history of colonoscopy, insulin, free IGF-

I and HT/E2 

Tess V. Clendenen8 2009 
BMI at enrollment, age, date of blood 

donation 

Age, date of blood 

donation 
Cancer-free control Serum 

RIA (estrone, estradiol), two-

site immunometric 

chemiluminescent assay 

(SHBG) 

Jennifer H Lin9 2013 

Age at blood draw, study cohort, fasting 

status, and time for the blood draw, 

physical activity, family history of 

colorectal cancer in a first-degree relative, 

history of colorectal polyps, smoking 

status, current alcohol consumption, and 

screening examination, BMI, C-peptide 

levels 

Age, fasting status, and 

time of day of blood draw 

(NHS were not matched 

to controls) 

Cancer-free control Plasma 

LC-MS/MS (estrone and 

estradiol in men and women 

and testosterone in women), 

EI (SHBG in men and women 

and testosterone in men) 

Annekatrin 

Lukanova10 
2014 

BMI, smoking, ethanol at baseline, 

HBsAg/anti-HCV, diabetes, liver damage 

(a score based on albumin, bilirubin, AST, 

ALT, GGT, and AP concentrations outside 

normal range) 

Recruitment center, sex, 

age, date, fasting status, 

and time of the day at 

blood collection; Women 

were additionally matched 

for menopausal status and 

exogenous hormone use 

at blood donation 

Cancer-free control Plasma 

RIA (testosterone), 

immunoradiometric assay 

(SHBG) 

D. D Ørsted11 2014 Smoking status, cumulative smoking, - Same cohort Plasma Immunochemical assay 



BMI, alcohol consumption, level of 

education, and level of income for both 

men and women; For women, parity, 

menopausal status, oral contraceptive use, 

and HRT were also adjusted for 

Roni T. Falk12 2015 
Clinic site, trial participation status, age at 

blood collection, and total BMD 
- Subcohort Serum LC-MS/MS 

Neil Murphy13 2015 

Waist circumference, alcohol 

consumption, family history of colorectal 

cancer, physical activity, smoking status, 

NSAID use, insulin, free IGF-1, and CRP 

Age, ethnicity, HT 

assignments, DM 

assignments, and CaD 

assignments 

Cancer-free control Serum 

RIA (estrone, estradiol, 

progesterone), two-site 

chemiluminescent 

immunoassay (SHBG) 

Yi X. Chan14 2017 

Age, BMI, smoking status, physical 

activity, alcohol intake, diabetes mellitus, 

HDL, TG, and history of prevalent cancer 

- Same cohort Plasma 

LC-MS/MS (testosterone, 

DHT, estradiol), 

chemiluminescent 

immunoassays (LH, SHBG) 

Yi X. Chan15 2018 

 Age, marital status, occupation, 

smoking, alcohol consumption, leisure 

time physical activity, BMI, and diabetes 

- Same cohort Serum 

LC-MS/MS (testosterone, 

DHT, estradiol), 

chemiluminometric 

immunoassay (LH), enzyme 

immunometric assay with 

chemiluminescent substrate 

(SHBG) 

Nagisa Mori16 2019 
BMI, smoking status, alcohol 

consumption, physical activity 

Age, area code, 

population size of the 

area, season of blood 

collection, year of blood 

Cancer-free control Plasma 

Electrochemiluminescence 

(estradiol, progesterone, 

testosterone), 

chemiluminescence enzyme 



collection, and fasting 

time 

immunoassay (SHBG) 

Jessica L. Petrick17 2019 

Age, race/ethnicity, study year of blood 

draw, parent study, education, smoking 

status, number of cigarettes per day, BMI, 

and diabetes 

Study, age, race/ethnicity, 

year of blood draw, time 

of blood draw, and 

number of freeze-thaw 

cycles for available serum 

samples 

Cancer-free control Serum 
 GC-MS (sex hormones), EI 

(SHBG) 

Jessica L. Petrick18 2020 

Age, matching factors, BMI, smoke 

status, alcohol status, HBsAg, anti-HCV, 

diabetes, and current MHT use 

Sex, cohort, age, 

race/ethnicity, and blood 

collection date 

Same cohort Serum/plasma 
 GC-MS/MS (sex hormones), 

EI (SHBG) 

Rita Peila19 2020 

Age, ethnicity, education, smoking status, 

pack-years, alcohol, BMI, waist 

circumference, diabetes status, red and 

processed meat consumption, CRP, IGF-

1, calcium, folate, vitamin D, physical 

activity, family history of colorectal 

cancer, ever screened for colorectal 

cancer; plus previous use of HRT and 

menopausal status (women) 

- Same cohort Serum 
Chemiluminescent 

immunoassay 

Rita Peila20 2020 

Age at recruitment, sex, education, race, 

smoking status and pack-years, alcohol 

intake, and BMI 

- Same cohort Serum 
Chemiluminescent 

immunoassay 

Shao-Hua Xie21 2020 
 Tobacco smoking, physical activity, 

BMI at baseline 

Age, year of blood sample 

drawn, and health survey 

from where the 

Cancer-free control Serum 

LC-MS (testosterone, 17-OH 

progesterone, and 

androstenedione), 



participants were 

recruited 

immunoassays (others) 

Terry Cheuk-Fung 

Yip22 
2020 

Baseline platelet, total bilirubin, alanine 

aminotransferase, age, cirrhosis, 

hypertension, albumin, INR, HBeAg 

positivity, time-weighted average HbA1c, 

use of metformin, sulfonylureas, insulin, 

statins, and antiviral therapy 

- 
CHB patients with 

DM 
Serum NA 

Una C. 

McMenamin23 
2021 

Age at baseline, deprivation, smoking 

status, BMI, alcohol consumption (except 

EAC), diabetes, aspirin use, and statin use 

(CRC only) 

- Same cohort Serum 
Chemiluminescent 

immunoassay 

Kara A. Michels24 2021 
Age and BMI, clinic enrollment site, and 

enrollment arm in the original FIT trial 
Age and clinical center Subcohort Serum LC-MS/MS 

Nagisa Mori25 2021 

BMI, smoking status, physical activity, 

ever used hormone therapy, and alcohol 

consumption, estrone, estradiol, and 

testosterone for SHBG and vice versa 

Age, study center, follow-

up time since blood 

collection, time of day at 

blood collection, and 

fasting status 

Cancer-free control Plasma 

LC-MS (sex hormones), 

Solid-phase “sandwich” 

enzyme-linked immunoassay 

(SHBG) 

Eleanor L. Watts26 2021 

Townsend deprivation score, education 

level, ethnic group, height, BMI, cigarette 

smoking, alcohol consumption, total 

physical activity, IGF-I, CRP, HbA1c. For 

postmenopausal women, additionally 

adjusted for past HRT use, past oral 

contraceptive pill use, parity and age at 

- Same cohort Serum 
Chemiluminescent 

immunoassay 



first birth, age at menarche, and age at 

menopause 

Zhikai Zhu27 2021 

Age, smoking status, alcohol drinking, 

BMI, trial, and other related sex steroid 

hormones or SHBG 

Age at start of pills, date 

of blood collection and 

trials 

Cancer-free control Serum RIA, immunoassay 

Justin Harbs28 2022 

BMI, smoking status, physical activity, 

alcohol consumption; SHBG model 

additionally adjusted for levels of 

estradiol and testosterone 

Study center, age at and 

date of blood sample 
Cancer-free control Plasma 

LC-MS/MS (Sex hormones), 

enzyme-linked immunoassays 

kit (SHBG) 

Muktar Ahmed29 2023 

Age, sex, assessment centre, educational 

status, Townsend deprivation score, 

smoking, alcohol consumption, physical 

activity, and health diet score 

- Same cohort Serum 
Chemiluminescent 

immunoassay 

Abbreviations: AFP, α-fetoprotein; ALT, alanine aminotransaminase; anti-HCV, antibody to hepatitis C virus; AP, alkaline phosphatase; AST, aspartate aminotransaminase; BMD, bone mineral 

density; BMI, body mass index; CaD, calcium plus vitamin D; CHB, chronic hepatitis B; CRC, colorectal cancer; CRP, C-reactive protein; DHT, dihydrotestosterone; DM, diabetes mellitus; EAC, 

esophageal adenocarcinoma; EI, electrochemiluminescence immunoassay; FIT, Fracture Intervention Trial; GC-MS, gas chromatography-mass spectrometry; GC-MS/MS, gas chromatography 

selected reaction monitoring/tandem mass spectrometry assay; GGT, gamma-glutamyltransferase; HbA1c, glycated hemoglobin; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; 

HBV, hepatitis B virus; HDL, high density lipoprotein; HRT, hormone replacement therapy; HT, hormone therapy; HT/E2, hormone therapy/estradiol; IGF-I, insulin-like growth factor-I; INR, 

international normalized ratio; LC, liver cancer; LC-MS, liquid chromatography-mass spectrometry; LC-MS/MS, liquid chromatography tandem mass spectrometry; LH, luteinizing hormone; 

MHT, menopausal hormone therapy; NA, not available; NHS, Nurses’ Health Study; NSAID, nonsteroidal anti-inflammatory drug; RIA, radioimmunoassay; SHBG, sex hormone-binding globulin; 

TG, triglycerides; WHR, waist to hip ratio.
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