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Abstract

Background—~Evidence of anti-cancer properties of garlic for different cancer sites has been
reported previously in in-vitro and in-vivo experimental studies but there is limited
epidemiological evidence on the association between garlic and lung cancer.

Methods—We examined the association between raw garlic consumption and lung cancer in a
case-control study conducted between 2005 and 2007 in Taiyuan, China. Epidemiological data
was collected by face-to-face interviews from 399 incident lung cancer cases and 466 healthy
controls. We used unconditional logistic regression models to estimate crude and adjusted odds
ratios (aOR) and their 95% confidence intervals (Cl). Adjusted models controlled for age, sex,
average annual household income 10 years ago, smoking, and indoor air pollution.

Results—Compared to no intake, raw garlic intake was associated with lower risk of
development of lung cancer with a dose-response pattern (aOR for <2 times per week = 0.56, 95%
Cl: 0.39-0.81 and aOR for =2 times per week = 0.50, 95% ClI: 0.34 — 0.74; Pypg= 0.0002).
Exploratory analysis showed an additive interaction of raw garlic consumption with indoor air
pollution and with any supplement use in association with lung cancer.

Conclusions—The results of the current study suggest that raw garlic consumption is associated
with reduced risk of lung cancer in a Chinese population.
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Impact—This study contributes to the limited research in human population on the association
between garlic and lung cancer and advocates further investigation into the use of garlic in
chemoprevention of lung cancer.
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Introduction

Garlic (Allium sativum)was used among several ancient civilizations across the world
including Egypt (references as early as 3000 B.C.), Greece, Rome, India and China to treat
various ailments including poisoning, respiratory and gastric ailments, abnormal growths,
headache, insomnia and depression (1-3). In traditional Chinese medicine, garlic is used to
improve cardiovascular health and immunity as well as to treat cancer (2, 4). Garlic was
used in daily Chinese diet since around 2000 B.C. or earlier where it was consumed
especially with raw meat (2). Currently, garlic is used as a popular spice in China, which is
the largest producer and exporter of garlic (5).

Garlic is rich in organo-sulfur compounds (OSCs), which are responsible for most of its
therapeutic properties including antibacterial, anti-protozoal, antifungal, hypolipidemic,
antiatherosclerotic and anticancer properties (6, 7). The major OSCs that contribute to the
anticancer properties of garlic include allicin, allixin, diallyl sulfide (DAS), diallyl disulfide
(DADS), diallyl trisulfide (DATS), S-allyl cysteine allylmercaptan, allylmethyldisulfide,
allylmethyltrisulfide and ajoene (8-10). Several mechanisms including inhibiting cancer
initiation, suppressing cancer promotion and preventing oxidative damage have been
attributed to the anti-cancer properties of garlic (7-9, 11, 12). /n-vitro and in-vivo
experimental studies provided evidence for the anti-cancer properties of garlic against
stomach, liver, colon, prostate, skin, bladder, breast and lung cancer (7, 13-17). Case-control
studies conducted in different populations reported an inverse association between garlic
consumption (raw/cooked) and colorectal, prostate, and head and neck cancers (18-20).
However, Dutch prospective cohort studies showed no inverse association between garlic
supplement intake and gastric, colorectal breast and lung cancers (21-24). Thus, consistent
epidemiological evidence on the protective effects of garlic against different cancers is
lacking.

In 2012, lung cancer accounted for 13% of total cancer cases and 19% of total cancer deaths
worldwide (25). In China, lung cancer is the most common cancer in incidence and
mortality (2011 statistics) with a higher age-standardized mortality of 28.0 per 100,000,
compared to the world population (19.7 per 100,000) (25, 26). In the past 30 years, lung
cancer mortality in China increased by 464.84% (27). Smoking, exposure to secondhand
smoke, and air pollution (both outdoor and from indoor household fuel combustion) are the
major risk factors of lung cancer in China (27). Evidence from previous epidemiological
studies suggest that factors that may be protective against lung cancer are mainly related to
diet, especially higher consumption of fruits and vegetables (28-30).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Myneni et al. Page 3

The existing epidemiological evidence of the association between garlic and lung cancer
(Table 1) is limited and inconsistent (21, 31-35). Review of previous literature indicates that
raw/cooked garlic rather than a more processed form (e.g. supplements) was inversely
associated with the risk of cancer (36). Additionally, heating garlic seems to drastically
diminish its anticarcinogenic properties (37-40). Therefore, raw garlic may potentially
possess better anti-cancer properties compared to heated/cooked/processed garlic. Compared
to the Chinese, raw garlic intake among other populations is very low, which makes it
difficult to analyze disease associations (36). For example, in 1995, the annual average
consumption of fresh garlic per person in Cangshan County, Shangdong Province, China
was 6 kg while it was only 0.8 kg in the U.S (41). Thus, the Chinese population is probably
better suited for studying the association between garlic intake and cancer.

Only two recent case-control studies in Chinese population investigated the association
between raw garlic consumption and lung cancer. Both studies reported that higher
consumption of raw garlic (2 or more times per week) was protective against lung cancer
(31, 33). In the current study, we analyzed data collected from a case-control study
conducted in Taiyuan City, Shanxi Province, China and sought to replicate the association
between raw garlic consumption and lung cancer. In addition, we explored for interaction
between major risk factors and raw garlic consumption in association with lung cancer.

Materials and Methods

Study population

Cases were recruited between 2005 and 2007 from Shanxi Tumor Hospital, where about
70% of cancer patients from Taiyuan city sought treatment. Eligible cases were newly
diagnosed lung cancer patients who were aged 20 years or older, lived in Taiyuan city for 10
years or more, in stable medical condition and willing to participate in the study. Controls
were randomly selected from resident lists of 13 communities covering most of Taiyuan city
to match cases according to the distribution of age and gender. Eligibility criteria for
controls were same as the cases but controls had no history of cancer or any other serious
chronic disease. A total of 399 cases (89% response rate) and 466 controls (85% response
rate) participated in the study. Informed consent was obtained from study participants before
completing the study questionnaire. A detailed description regarding participant recruitment
was previously published (42).

Data collection

Epidemiologic data was collected by trained study personnel using a structured
questionnaire to conduct face-to-face interviews of all cases at the hospital and all controls at
community health centers. The questionnaire included information on demographic
characteristics, residence and housing history, living and cooking habits, smoking, alcohol
drinking, tea drinking and personal and family medical history. “Ever smokers” were
defined as those who smoked at least 100 cigarettes during their lifetime. Dietary intake 1
year ago was evaluated using 96-item food frequency questionnaire and other questions on
specific items. Raw garlic intake was assessed by asking “How often do you eat raw garlic?”
Participants chose one of the following responses: (1) never (2) occasionally (<2 times/
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week) (3) often (=2 times/week) (4) do not know. We assessed overall exposure to indoor air
pollution (IAP) 10 years prior to the date of interview by creating an IAP index, which was
based on an individual's exposure to five major risk factors including solid fuel use for
cooking and heating, ventilation in kitchen, opening of windows in winter and secondhand
smoking. Exposure to each risk factor was scored as ‘1’ and based on the number of the
above five risk factors that an individual was exposed to; an I1AP index of 0-5 was assigned.

Statistical analysis

We used chi-square and ftests to test the differences in distribution of selected demographic
characteristics (age, sex, education, average annual household income 10 years ago), body
mass index (BMI), smoking, IAP exposure (IAP index of 0 = none, 1-2 = low and 3-5 =
high) alcohol drinking, tea drinking and supplement use (intake of one or more of the
following — vitamin A, beta-carotene, vitamin C, vitamin E, calcium, selenium, zinc or
multivitamin) among cases and controls. We also tested differences in the distribution of the
above characteristics by raw garlic consumption (never, <2 times per week and =2 times per
week) using chi-square and one-way ANOVA tests. For the analysis in the current study, we
excluded 7 participants who did not report their intake of raw garlic. Unconditional logistic
regression models were used to estimate crude and adjusted odds ratios (aOR) and 95%
confidence intervals (CI) for the association between raw garlic intake and lung cancer.
Based on prior knowledge and review of previous relevant literature, selected covariables
including education, average annual household income 10 years ago, BMI, pack years of
smoking, AP, alcohol drinking, tea drinking and supplement use were tested for association
with the exposure and/or the disease in the study population. Education, BMI, pack years of
smoking, IAP and supplement use were associated with lung cancer but not with raw garlic
intake. Average annual household income 10 years ago was the only variable that was
associated with both raw garlic intake and lung cancer. Age and sex being frequency
matching variables, were included in the multivariate model. We generated two multivariate
models to present the results of logistic regression. Model 1 adjusted for age, sex and
average annual household income. Model 2 additionally adjusted for smoking and IAP
considering that they were among the strongest risk factors for lung cancer in the Chinese
population. The results from a saturated multivariable model that included all covariables
were similar to the results from Model 2. We chose to use Model 2 as the final multivariate
model. The association between raw garlic consumption and lung cancer was estimated in
the overall population as well as in subgroups of age, sex, smoking, AP, alcohol drinking,
tea drinking, supplement use, and by histological subtypes of lung cancer. We also evaluated
for multiplicative and additive interaction of raw garlic consumption with age (0 = <55
years, 1 = =55 years), smoking status (0 = never, 1 = ever), IAP (0 = no/low, 1 = high),
alcohol drinking (0 = no, 1 = yes), tea drinking (0 = never, 1 = ever) and supplement use (0 =
no, 1 = yes) in association with lung cancer. Raw garlic consumption was operationalized as
0 ="“never” and 1 = “any” intake for interaction analysis. Multiplicative interaction was
evaluated by including the main effect variables and their product term in logistic regression
models. A ratio of odds ratios (ROR) estimate of the product term was considered
statistically significant if the confidence interval did not include ‘1.00°. Additive interaction
was assessed by calculating relative excess risk of interaction (RERI) and inclusion of ‘0.00’
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within the Cls of RERI estimate indicated absence of more than additivity or no additive
interaction. All analyses were performed using SAS 9.4 software.

Results

Approximately 56% of study participants were aged 55 years or older and approximately
half of the participants were males. Differences in distribution of study characteristics
between cases and controls are presented in Table 2. Cases had a higher mean age and a
higher proportion of cases were exposed to high IAP. Education, average annual household
income 10 years ago, BMI, and supplement use were higher among controls. Approximately
55% of cases (93% males and 17% females) were ever-smokers compared to 39% of
controls (71% males and 6% females). The smoking prevalence among female cases is
similar to that observed in previous studies in Chinese population (43-45).

Table 3 shows the distribution of study characteristics by participants' raw garlic
consumption. We did not find differences in the distribution of any of the study
characteristics except for average annual household income 10 years ago. High income
participants (=2500 Renminbi) consumed higher amounts of raw garlic (=2 times/week)
compared to those with lower income. Smoking exposure did not differ by raw garlic
consumption.

The overall association of raw garlic consumption with lung cancer in crude and adjusted
models is presented in Table 4. Raw garlic consumption in all categories (any intake, <2
times per week, =2 times per week) was inversely associated with lung cancer in the crude
and both the multivariable models after adjusting for potential confounders. Compared to no
intake, raw garlic consumption was inversely associated with lung cancer (<2 times/week:
aOR = 0.56, 95% CI: 0.39-0.81; =2 times/week: aOR = 0.50, 95% CI: 0.34 — 0.74) with a
dose-response relationship (Pyeng = 0.0002). We did not find notable differences between the
results from the two multivariate models.

Table 5 shows the association between raw garlic consumption and lung cancer among any
garlic consumers as well as those who consumed <2 times/week and =2 times/week,
stratified by age, sex, smoking status, IAP, alcohol drinking, tea drinking, supplement use
and association with specific histo-pathological subtypes of lung cancer. The association
between raw garlic consumption and lung cancer was stronger in the younger age group,
among females and those exposed to AP, whereas the association did not differ by smoking
status, alcohol drinking and tea drinking. The association with adenocarcinoma and
squamous cell carcinoma subtypes was statistically significant. When these analyses were
further stratified by sex, the associations seemed to be more prominent among women
(Supplementary Table S1). However, these observations may not be sufficient to draw
explicit conclusions because of the small sample sizes within the strata.

Figure 1 depicts the results of the exploratory interaction analyses between raw garlic
consumption and selected risk factors in association with lung cancer. We observed additive
interaction between IAP and raw garlic consumption (aRERI = 0.37, 95% CI: 0.05-0.68) as
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well as supplement use and raw garlic consumption (aRERI = 0.41, 95% CI: 0.08-0.74) in
association with lung cancer.

Discussion

In the current study, we observed that raw garlic consumption was inversely associated with
lung cancer with a dose-response relationship. The association between raw garlic
consumption and lung cancer did not differ by smoking status, alcohol drinking and tea
drinking. We observed additive interaction between raw garlic consumption and AP as well
as between raw garlic consumption and supplement use in association with lung cancer.

Only two recent publications examined the association between raw garlic consumption and
lung cancer and observed statistically significant inverse associations (31, 33). A case-
control study conducted in Fujian Province, China reported that compared to no intake,
consuming raw garlic more than 2 times per week was inversely associated with lung cancer
(aOR =0.37, 95% CI: 0.16-0.84). This association was slightly stronger than what we
observed in the current study. The smaller sample size (226 cases and 269 controls),
consisting of primarily non-smoking women and the assessment of raw garlic consumption
(no consumption, 1-2 times/week, >2 times/week) that is somewhat different from the
current study could have contributed to the differences. The Fujian study did not report an
association in the lower raw garlic consumption category (1-2 times/week).

Another case-control study with larger sample size (1424 cases and 4543 controls)
conducted in Jiangsu Province, China reported an inverse association between raw garlic
intake and lung cancer among those who consumed raw garlic =2 times/week (aOR = 0.56,
95% CI: 0.44-0.72) (31). This association was similar to what we found in the current study.
Similar to the Fujian study, the Jiangsu study did not find an association in the low garlic
consumption category (<2 times/week). This may reflect the differences in the consumption
of raw garlic in different geographic regions in China. The percentage of ever-garlic
consumption was lower in the Jiangsu study (47.6%) compared to the current study
(55.83%) and the use of garlic as an ingredient in the spices was not common among the
residents of that province (31). Although there are some differences, the current study
reiterated the findings of the previous two studies that raw garlic consumption of 2 or more
times per week may be protective against lung cancer.

In the current study, we observed a slightly stronger association between raw garlic
consumption and lung cancer among women and the younger participants (<55 years).
Differences in smoking characteristics may have played a role in this observation. A dose-
response relationship between raw garlic consumption and lung cancer was observed in
never-smokers, but not in ever smokers. Approximately 90% of women were never-smokers
and the majority of participants in the younger age group were women and never-smokers.
Although it may seem that the protective association between raw garlic consumption may
be restricted to certain subgroups like women and never-smokers, the observations from the
stratified analysis may not be sufficient to derive definite conclusions because of the limited
sample size in the individual strata.
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We observed that the association between raw garlic consumption and lung cancer was
modified by IAP and supplement use on an additive scale. IAP is a major risk factor for lung
cancer in China, with the major sources being fuel used for cooking and indoor heating (27,
42). Our finding indicates that the reduced risk of lung cancer associated with low/no
exposure to IAP and consumption of raw garlic might be greater than the risk reduction
associated with any one of the factors alone. We also observed an additive interaction
between supplement use and raw garlic consumption in association with lung cancer. A
recent review of clinical trials that investigated drugs for preventing lung cancer suggested
that intake of vitamin and mineral supplements either alone or in combination do not reduce
either incidence or mortality due to lung cancer (46). Other studies did not report consistent
evidence for associations between lung cancer and the supplements taken by the majority of
the participants in the current study (vitamin C, vitamin E and calcium) who reported any
supplement use (47-50). We do not have additional information to attribute the observed
additive interaction between supplement use and raw garlic intake to any single supplement.
Further targeted investigation with larger study samples is necessary to confirm potential
interactions of garlic with other risk or protective factors in association with lung cancer.

Although the anti-cancer properties are mainly attributed to the bioactive OSCs, garlic
contains other nutrients including flavonoids, oligosaccharides, arginine and potassium,
vitamin C and selenium that may contribute to its overall beneficial effects (51, 52). The
major mechanisms contributing to the anti-cancer potential of garlic are: (i) inhibition of
cancer initiation by suppressing the formation, intercepting metabolic activation and
enhancing enzyme-detoxification of carcinogens (e.g. nitrosamines) as well as by inhibiting
the formation of DNA-adducts; (ii) blocking cancer promotion through anti-proliferating
activities including regulation of cell cycle arrest in G2/M phase and promoting apoptosis in
cancer cells; (iii) antioxidant activity formation and/or scavenging of free radicals. Other
mechanisms include the inhibition of cancer cell growth by modification of histone
acetylation, inhibition of angiogenesis, immunomodulation and anti-inflammatory activity
(8-12, 51, 53-56). The results of the current study align well with the anticancer mechanisms
of garlic as described. When garlic is ingested, the active volatile compounds that are
released in the stomach diffuse into the lung tissues (4) where the OSCs may act through the
mechanisms described above to protect against lung cancer. Epidemiological evidence based
on results of meta-analyses show that higher consumption of fruits and vegetables may also
protect against lung cancer (16, 30, 57). The association between raw garlic consumption
and lung cancer seems to be stronger than the association with consumption of fruits [pooled
OR =0.80; 95% CI: 0.74-0.88] and consumption of vegetables [pooled OR = 0.74; 95% ClI:
0.67-0.82] (57). The numerous anti-cancer properties of garlic including high
antiproliferative and antioxidant properties (58), which are mediated through multiple
mechanisms, may explain the potential stronger protection effect of garlic alone against lung
cancer. Further studies are needed to substantiate the evidence observed in the current study.

The current study has the following limitations: 1. Sample size. Our study results are based
on a relatively small sample size but they do reiterate the findings from previous published
studies regarding the relationship between raw garlic consumption and lung cancer. Our
exploration for interaction with known risk factors for lung cancer may have been affected
by the small sample sizes in subgroup analyses. Hence, we suggest interpreting the
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interaction results from the current study with caution. Raw garlic consumption may differ
considerably by geographic region. Jin et al. (2013) reported that garlic consumption
patterns differed even between the two counties in the Jiangsu province where the study was
conducted, which may have influenced the magnitude of adjusted association compared to
the crude model, more than smoking and other factors (31). Thus, more studies involving
different populations and larger study samples are justified to verify the association between
raw garlic consumption and lung cancer. 2. Bias: As in any case-control study, the results of
the current study may have been affected by bias. Incident lung cancer cases were recruited
from Shanxi Tumor Hospital, visited by 70% of the cancer patients from Taiyuan city for
treatment, while controls were selected from 13 communities of the same source population.
The response rates for both cases and controls were high (89% for cases and 86% for
controls). These design measures may have contributed to minimize selection bias. There are
two possibilities for information bias. Firstly, study personnel conducted face-to-face
interviews with lung cancer patients in the hospital and controls were interviewed in
community centers. The use of structured questionnaires and trained interviewers would
have minimized any potential bias. Secondly, differential recall of raw garlic intake by cases
and controls could have resulted in biased estimates. However, in both instances, as raw
garlic intake was not thought to be associated with lung cancer at the time of data collection
(31), any potential information bias would be non-differential. This may have attenuated the
estimate towards the null, which would make the current observed estimates conservative. 3.
Cooked garlic intake: \We did not assess consumption of cooked garlic. Heating garlic seems
to drastically diminish its anticarcinogenic properties (8, 38, 40). If we assume that a certain
amount of anti-cancer potential is preserved in cooked garlic and participants in the “never
raw garlic” group actually ate cooked garlic, it may lead to exposure misclassification. If the
misclassification was non-differential, the association between raw and cooked garlic and
lung cancer would probably bias towards the null. Alternatively, higher proportion of cases
than controls being misclassified would probably weaken the association whereas a higher
proportion of controls than cases being misclassified would probably make the association
stronger than the current observations. Considering the limited anti-cancer potential, we do
not expect the association of raw and cooked garlic with lung cancer to significantly deviate
from the current observed results. 4. Raw garlic intake quantity: Quantity of raw garlic
intake was not assessed in the current study. A previous study in a Chinese population
(Jiangsu Province) reported a similar pattern of association between raw garlic intake
quantity and lung cancer when compared to the association using raw garlic consumption
frequency (results were not presented) (31). Although, we cannot make distinct conclusions
based on the current study without the required data, we do not expect this to significantly
impact our study results.

Despite the above-mentioned limitations, the current study provides epidemiological
evidence to substantiate the protective effect of raw garlic against lung cancer, which have
been indicated in previous /n-vitro studies that investigated the effects of garlic OSCs on
human lung cancer cell lines (e.g. Calu-1, A-549 cells) (14-17, 59, 60) as well as in animal
models (61-63). Garlic OSCs were successfully tested for chemotherapy of cancers of
various organs including breast (13), prostate (64) and colon (65). Currently, many OSCs are
being tested for their potential role in lung cancer treatment (14). A randomized phase 11b
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trial conducted in former and current smokers with a history of at least 30 pack years
showed that participants who received the OSC anethole dithiolethione (ADT) as treatment
had a higher reduction in progression of bronchial dysplasia and/or appearance of new
lesions compared to those who received a placebo (66). Hence, garlic and garlic derived
OSCs show promise for lung cancer chemoprevention and chemotherapy. Further
intervention trials and prospective studies are needed to verify the feasibility of using garlic
or garlic OSCs in lung cancer prevention. In this regard, it is important to develop stable
OSCs that can be successfully used in chemotherapy. Consuming raw garlic itself might
provide a cost-effective method to prevent lung cancer. It would certainly seem more
beneficial to promote intake of garlic as part of a healthy daily diet among never smokers
compared to ever smokers. However, the magnitudes of association in the current and
previous study (31) indicate that raw garlic consumption may be protective against lung
cancer among never-smokers as well as ever smokers.

Among Chinese men, the prevalence of cigarette smoking is extremely high (52.9%) (67)
and the percentage of ever smokers who have quit (12.6%) (67) is among the lowest in the
world (67, 68). Encouraging smoking cessation through programs and policies reduces
disease risk and helps to protect non-smokers from the deleterious effects of secondhand
smoke (69-71) and should be the first priority. It would also be prudent to promote
consumption of raw garlic as a preventive approach against lung cancer, among both ever
smokers and never-smokers.

In conclusion, our results indicate that raw garlic consumption may protect against lung
cancer in a Chinese population. As evidence from epidemiological studies can be utilized to
promote dietary modification in lung cancer prevention, further studies are warranted to
confirm the observed association among different populations and with larger study sample
sizes to establish the role and utility of garlic in lung cancer chemoprevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Charts depicting the joint effects of raw garlic consumption and selected risk factors in
association with lung cancer. G+: any raw garlic intake; G-: no raw garlic intake; A+: age
>55 years; A-: age <55 years; S+: ever smokers; S-: never smokers; IP+: high indoor air
pollution; IP-: low/no indoor air pollution; Al+: alcohol ever drinkers; Al-: alcohol never
drinkers; T+: Tea ever drinkers; T-: Tea never drinkers; Sp+: supplement users; Sp-:
Supplement non-users. 2 adjusted for age (in years, except for interaction with age), sex,
average household income 10 years ago (<1000 = 1, 1000-2499 = 2, 2500-4999 = 3, =5000
= 4), pack years of smoking (continuous, except for interaction with smoking), and indoor
air pollution (an index of 0 = none, 1-2 = low and 3-5 = high indoor air pollution, except for
interaction with indoor air pollution); ? supplemental use includes intake of one or more of
the following: vitamin A, beta-carotene, vitamin C, vitamin E, calcium, selenium, zinc or
multivitamins. % additive interaction between indoor air pollution and raw garlic
consumption (RERI = 0.37, 95% CI: 0.05-0.68) as well as supplement use and raw garlic
consumption (RERI = 0.41, 95% CI: 0.08-0.74)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 April 01.



Page 15

Myneni et al.

pue Jaoue)

0)u1 Uo1ebIISaAU|
aAIoadsold
ueadoing

wouy s)nsay

"auljaseq 1e ayelul
Jouey3s pue e}
woJy el ABisua
‘axeiul ABiaua yey
-uou ‘ybrem Wybiay
‘Teaw passadoid

10 3yBIUI ‘TeaW

paJ J0 ayeiul ‘YJom pamoj|o}
1e AlAnoe [eaisAyd slaquiaw
‘Uoijeanpa ‘UoneInp PUNO} UOIEIN0SSE ON 1oyoo 06G'8.Y p(£002)
pue snjels Buryos o / S9S€D 189Ued ‘e
10} paisnlpy XSt prezey pajewsy  uondwnsuod Jo sajiuInd a|qeIaban o1jeD Bun| 9z1T salunod ueadoing QT Apnis HOY0d aAIdadsold uasIasul
sieak
ua} ised ayy Buunp
asn juawsa|ddns
Ae1oads
pue [eqgJay snoLeA
UM XS Jaoued
Bunj Jo uoneloosse
paulwexa Apns
‘patenbs sieak oo . S[enpiAipul
-Yoed pue siesk (re'1-€8°0) 60'T 88N 1aourd
>oed ‘payows sreak . 185N Uo (asn Bunj-uou
‘uofyeonpa ‘4opuab 00T N sieak uay ised) sid 099/ / S8sed 2(6002)
‘abe 10y paisnlpy olje. plezely pajeuisy juswsajddns o1 1soued Bunjggg  alels uolbulysepd) W'S'N Apnis 1oyod aA13oadsold ‘e 19 eles
350LUS 0298]0} (¥8:0-9T°0) LE0O oomysaln g <
|EJUBLUUOIIAUD e . }
pUE 10198115 (82'1-6v'0) 62°0 Yoamysaiun g-1
awiny 4o asn . uondwnsuos o abe uo payorew
‘sawiny (10 Bu009 00T ’ N $]0U02 (a2u1noud g(e102)
‘abe Joy parsnipy 0ljel SPPo pajewfsy ollJeb Mey 692 / SSed 922 uetln4) uswom- eulyd Apnis |0Jju02-3se) ‘e U
100°0> =Py
“eale
Apnis pue BuiyuLp (zL'0-¥1'0) 950 Yoamysalun gz
Jloyoaje ‘Bursiows ) .
a1y Afiwey (80'1-62'0) 26'0 Bamysawin ¢>
‘g ‘Bwodul . 19N9 (Apms Ja1u80
‘uoIjeanpa ‘Iapuab 00T N S]04JU0D £HSH -nnw paseg-uolendod) p(€T02)
‘abe 10y paisnlpy onel sppo pajewnsy o1Jeb mey | S9Sed Y2 T (souinoud nsbuelr)eulyd Apnis [011U02-85D ‘e 8 ulp
s nsay uondwnsuod d1jues (w.oy) o114e a)dwes Apnis uone|ndod Apnis ubisep ApnlS  8ouaJajey

salpnis eaibojorwapida paysijgnd woJy) 492ued Bun| pue uondwnsuod J1jaeb usamiaq diysuone|al Jo MaINSY

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

kers Prev. Author manuscript; available in PMC 2017 April 01.

/omari

Cancer Epidemiol B



Page 16

Myneni et al.

mEme_%:wu%wm

Tz # moce&mw

‘62 # souaigjel

‘TE # 80UaI3)8I
)

‘e # soussegal.

‘08 # mocmEEQ

‘87 # souaigjel,

"3U310Jed
©19q puR O UIWE)A
‘uondwnsuod

>93] pue uoluo

(98'1-97°0) €6°0
00T

2dns Jay1o pue o1e

Kjuo pdns J8y10

'ado0 4o Aoy (26'2-80°T) 84T AUQ pdns o1jres)
‘uoiyeanpa ‘Bunjows S]03U09
1sed pue Juaund Jo 00T asn zdns oN J13dued-uou )
s1eak yoed ‘uopush £ZTE / Sased k?mmd e
‘abe 1oy parsnipy . onel djel pajewns3 sjuswiajddns o1ples)  Jsdued Bunj 81 spuelJayisN 110y02-3seD) 18 eI
paiy10ads jou
sem uondwnsuod
10} (Jay10/pax002
/MeJ) o114eb Jo wio4 . FAR) puaiy 104 d
‘Je} pajelnyes (T'1T-¥'0) 20 ¥ apend
pue ausj0Jed-g
po saxelul ‘Aep Jad (z1-50) 80 € a|iHend
paxows sanalebio ) Audruye
10 Jaquinu ‘Bunjows (r'1-9°0) 6'0 Zaluend pue Xas ‘abe 5(0002)
10 UoleInp 00T T 8jmend uo payorewl ‘e 1w
‘snyeis Burjows ’ S]0.3U02 (paseq uone|ndod) pueyaIRN
10} paisnlpy . oljel SpPo pajewfsy uondwnsuo Jo sajiend a|qeIabon JIiBD  Z8G / Sased 285 v'S'N ‘llemeH Apnis |0JJu09-3se) a7
“uoneatjgnd (£002)
1e 39 J3| ]I\ Woly
parepdn — Apnis
(01d3) uomanN
SjuUsWIWOD  S1Nsay uondwnsuod d1jues (wuaoy) o114 a)dwes Apnis uone|ndod Apnis uBisep ApnlS  8duaJaley

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

kers Prev. Author manuscript; available in PMC 2017 April 01.

/omari

Cancer Epidemiol B



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Page 17

Myneni et al.
Table 2
Distribution of study characteristics among lung cancer cases and cancer-free controls
Cases Controls
Variables (N=399) (N=466) pa
N (%) N (%)
Age (years)
<44 59 (14.8) 83 (17.8)
45-54 96 (24.1) 139 (29.8)
55 - 64 111 (27.8) 116 (24.9) 0.07
>65 133 (33.3) 128 (27.5)
Mean (SD) 58.1 (11.9) 56.1 (11.3) 0.01
Sex
Male 202 (50.6) 234 (50.2)
Female 197 (49.4) 232 (49.8) 090
Education
Illiteracy 43 (10.8) 23 (4.9)
Primary School 106 (26.6) 81 (17.4)
Middle School 124 (31.1) 175 (37.5) < 0.0001
High School 68 (17.0) 120 (25.8)
College and above 58 (14.5) 67 (14.4)
Average annual income/person 10 years ago (RMB)b
<1000 104 (26.1) 106 (22.7)
1000 — 2499 236 (59.1) 197 (42.3)
<0.0001
2500 — 4999 37(9.3) 116 (24.9)
> 5000 22 (5.5) 47 (10.1)
Mean (SD) 19945 (2678.9)  2539.4 (3193.7) 0.007
BMI (Kg/m?)
<185 22 (5.8) 9(2.0)
18.5-24.9 250 (66.3) 259 (56.3)
<0.0001
25-29.9 90 (23.9) 162 (35.2)
>30 15 (4.0) 30 (6.5)
Mean (SD) 23.4 (3.6) 24.8(3.9) <0.0001
Pack years of smoking
Never smokers® 179 (44.9) 285 (61.2)
<30 64 (16.0) 107 (22.9)  <0.0001
=30 156 (39.1) 74 (15.9)
Indoor air poIIutiond
None 38 (10.8) 90 (19.7)
Low 145 (41.2) 253 (55.2)  <0.0001
High 169 (48.0) 115 (25.1)
Alcohol drinking€
Never 298 (74.7) 345 (74.0) 0.83
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Cases Controls
Variables (N:—399) (N:—m) pa
N (%) N (%)
Ever 101 (25.3) 121 (26.0)
Tea drinking
Never 242 (60.7) 263 (56.4) 02
21
Ever 157 (39.3) 203 (43.6)
Supplement use’
No 342 (87.0) 355 (77.2)
0.0002
Yes 51 (13.0) 105 (22.8)

a, . . - . : . . R
from two sided XZ test for categorical variables and from t test for continuous variables. p-values in bold represent statistical significance;

bRMB = Renminbi, the Chinese currency;

Dsmoked less than 100 cigarettes during lifetime;

dlndoor air pollution exposure was calculated by summarizing participant's exposure to solid fuel for cooking and heating, ventilation in kitchen,
opening of windows in winter and second hand smoking (an index of 0 = none, 1-2 = low and 3-5 = high indoor air pollution).

e.. .. -
lifetime alcohol drinking status.

supplement use includes intake of one or more of the following: vitamin A, beta-carotene, vitamin C, vitamin E, calcium, selenium, zinc or

multivitamins.
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Distribution of study characteristics by categories of participants' consumption of raw

garlic

Table 3

Never

Raw garlic consumption

<2 times/week

>2 times/week

Variable (N=357) (N=244) (N=239) pa
N (%) N (%) N (%)

Age (years)

<44 53 (14.9) 50 (20.5) 39 (16.3)

45-54 100 (28.0) 65 (26.6) 69 (28.9)

55 - 64 101 (28.3) 64 (26.3) 55 (23.0) 048

>65 103 (28.8) 65 (26.6) 76 (31.8)

Mean (SD) 57.2 (11.2) 56.1 (11.7) 56.7 (12.1) 053
Sex

Male 175 (49.0) 115 (47.1) 126 (52.7)

Female 182 (51.0) 129 (52.9) 113 (47.3) 0.4
Education

Iliteracy 23 (6.4) 16 (6.6) 24 (10.0)

Primary School 88 (24.7) 45 (18.4) 48 (20.1)

Middle School 122 (34.2) 94 (38.6) 78(32.6)  0.48

High School 74 (20.7) 55 (22.5) 53 (22.2)

College and above 50 (14.0) 34 (13.9) 36 (15.1)
Average annual household income 10 years ago (RMB)b

<1000 106 (29.7) 53 (21.7) 48 (20.1)

1000 — 2499 181 (50.7) 133 (54.5) 106 (44.3)

2500 — 4999 47 (13.2) 39 (16.0) 58 (24.3) 0.0008

> 5000 23 (6.4) 19 (7.8) 27 (11.3)

Mean (SD) 2033.7 (2590.5) 2289.5(3237.3) 2685.0(3330.4)  0.04
BMI (Kg/m?)

<185 17 (4.9) 6 (2.6) 8(35)

18.5-24.9 215 (61.4) 147 (62.8) 137 (59.6)

25-29.9 99 (28.3) 70 (29.9) 73 (31.7) 082

=30 19 (5.4) 11(4.7) 12 (5.2)

Mean (SD) 23.9 (4.1) 24.2 (3.6) 243(37) 053
Pack years of smoking

Never smokers® 195 (54.6) 135 (55.3) 124 (51.8)

<30 67 (18.8) 46 (18.9) 52(21.8) 0.89

>30 95 (26.6) 63 (25.8) 63 (26.4)
Indoor air poIIutiond

None 46 (13.6) 31(13.6) 46 (20.9)

Low 162 (47.9) 119 (52.2) 100 (45.5)  0.11

High 130 (38.5) 78 (34.2) 74 (33.6)
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Raw garlic consumption
: Never <2 times/week =2 times/week
Variable (N=357) (N=244) (N=239) pa
N (%) N (%) N (%)
Alcohol drinking®
Never 274 (76.8) 188 (77.0) 168 (70.3) 014
Ever 83(23.2) 56 (23.0) 71 (29.7) '
Tea drinking
Never 212 (59.4) 146 (59.8) 134 (56.1) 065
Ever 145 (40.6) 98 (40.2) 105 (43.9) '
Supplement use”
No 294 (83.8) 191 (78.9) 197 (83.5) 027
Yes 57 (16.2) 51 (21.1) 39 (16.5) '

Page 20

a, . I . . . . - L
from two sided X2 test for categorical variables and from ANOVA for continuous variables. p-values in bold represent statistical significance;

bRMB = Renminbi, the Chinese currency;

c . R
smoked less than 100 cigarettes during lifetime;

Indoor air pollution exposure was calculated by summarizing participant's exposure to solid fuel for cooking and heating, ventilation in kitchen,
opening of windows in winter and second hand smoking (an index of 0 = none, 1-2 = low and 3-5 = high indoor air pollution).

e.. . L
lifetime alcohol drinking status.

Supplement use includes intake of one or more of the following: vitamin A, beta-carotene, vitamin C, vitamin E, calcium, selenium, zinc or

multivitamins.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 April 01.



Page 21

Myneni et al.

"T |9POIA Ul S31eLIeAod ayl 03 uonippe ul (uonnjjod Jie soopui ybiy = G-g pue Mo| = g-T ‘Buou = 0 JO Xapul Ue) uonnjjod ire J0opul pue (snonuiuod) Bumjows Jo sieak xoed Joy paisnipe

Author Manuscript

q

‘(¥ = 000S< ‘S = 666%-0052 ‘2 = 66%72-000T ‘T = 000T>) 0be sIeak QT awodul pjoyasnoy abesane pue ‘xas ‘(sieak) abe 1oy uﬁm:.smm

‘017eJ SPPO paIsnipe = YOr 011el SPPO 8pNnId = YOI

20000 90000 1000°0> puany

(v2°0-¥£0) 050 (08°0-0%°0) 95°0 (00-9e0) 050 (0€e) syt (2€2) 16 >gamy/sawin g <

(18'0-6€°0) 95°0 (98°'0-7%'0) T9°0 (#8'0-€7°0) 090 (7€) OvT  (5°92) ¥OT gamysawin g >

(22°0-8€0) 250 (82°0-1%°0) 650 (€20-270) 550 (ev9) 88z (L'6%) S6T Auy

00T 00T 00T (2'8) 09T  (€°05) L6T 18/8N
(%) N (%) N

(10 %56) HO® g2 [3PON (1D %G6) HOB T IFPON (1D %G6) 402  (grp=y Zee=N)  uondwinsuoo onjred mey
s|onuod Sase)d

J39ued Hun| yum uondwnsuod oijaeb med Jo UOIIRIJOSSY
¥ a|qeL

Author Manuscript Author Manuscript Author Manuscript

kers Prev. Author manuscript; available in PMC 2017 April 01.

/omari

Cancer Epidemiol B



Page 22

Myneni et al.

Author Manuscript

"RUIOUIDIRD [19D |[eWS = DDWS ‘BLIOUIdIRD |39 snowenbs = DObs “ewouroeaouspe = DOV 0lel Sppo paisnipe = YOe S|01u09/sased = 0D/ed

9eT0  (82'T-92°0)850 8YT/WT (¥Z'T-62°0)09°0 OVT/LT (ET'T-€€0)T9'0  882/TE  09T/9¢ oouws
0500 (LT'T-0€°0)650 8¥T/Sz  (L90-ST'0)2€0 OvT/LT (LL'0-G20)vv'0  88e/ecy  09T/LY 20bs
1000> (180-220)€V'0 8¥I/Tc  (9T'T-8€0) 90 OvT/ee (680-—¥E€0)GG0  88e/vS  09T/ES 20V
ABojoyred-01siH
2290 (Sez-vec0) 9,0  0e/6  (1€2-2€0) 280 ve/LT  (L8T-€€0)8L0  ¥9/9¢ velee SOA
1000> (2L0-0£0) 90 OTT/I8 (LL'0-€£°0) TS0 SOT/98 (69°0-¥€'0) 6¥'0 T2e/L9T  €ZT/TLT ON

g®sn juswaddng

6700 (S6'0-92°0)05'0 99/6¢  (08'0-2Z0)Zv'0  6G/6€ (8L°0-L20)9Y'0  6S/6€  69/9L 18A3

2000 (L20-620)9v'0 28z (00T-6€0) €90 T8/59  (¢8-9€°0)SS0  €9T/LTT  T6/TZT 1anaN
Bupjuig eal

8,00 (TZT-€2°0)€50 €8z (18°0-ST0) €0 Ge/1z  (280-T¢0) V0  8L6F  ¥E/6Y BN

€000  (18'0-2€0) TS0 S0T/€9 (66'0-2¥'0) S9°0 SOT/e8  (28°'0-0v'0) 250  OTZ/9YT  9ZT/8YT ON
Bunjuli@ joyodly

1000 (6T'T-2€0)290 veor  (€8°0-v20) ¥»0  8e/ov  (¥8'0-62°0) 60  2LI0S  Th/88 ubIH

9000 (¢80-G20)Sv'0  €L/z (66'0-v€0)850 08/6€ (€8°0-€€0)2S0  €ST/99  88/wL Mo

600 (0TT-TT0)SE0  L&/6  (€cz—ve0)€L0 02/TT  (9€T-TZ0) €S0  LS/0C 82/8T 3UON
uonnjjod are aoopuj

€900 (T¥'7-82°0)€9'0  2G/8G  (96'0-02°0) ##'0  ¥S/SG  (I60-¥€0) 950  TT/ETT  TY/TOT 18A3

1000> (TL0-v20)Tr'0  T6/€€  (L6'0-GE€'0)6G0  98/6y  (92°0-2€0) 60  LLT/28  66/96 JanaN
snyels Bupjows

1000 (S20-Gc0)ev'0 Tiey (180-620)6v'0 6L/0S (220-0€0)9¥0  0GT/26  LL/SOT safewad

1,00 (80'T-¥€0) 090 LL/6v (0CT-6€0)890 TOWS (E0T-0V'0) ¥90 SET/EOT  €8/26 S9JeN
X3S

6v00  (66'0-€€0) 2G50 €L/85 (6€T-670)280 6G/0. (80°T-G¥'0) 69°0 2ET/BZT  G6/60T 562

T000> (2L0-€20)0v'0 SLee  (8G0-6T'0)€EE0  T8/#E  (8G0-€2°0)9€'0  9ST/.9  G9/88 65>
(saeak) aby

(10 %56) OB 0oy (1D %56) eOB  0D/eD (1D %G6) edO®  0D/ED 00D

mucm:n_ s|qelren

oam/saw} gz Maam/sawil > Auy 19A8N

$10108) Ysia Jofew Aq paiyirea1s Jsoued Bunj pue uondwnsuod J1j4eh med usamiaq UOIIRIJIOSSY
G 9|qel

Author Manuscript Author Manuscript Author Manuscript

kers Prev. Author manuscript; available in PMC 2017 April 01.

/omari

Cancer Epidemiol B



Page 23

Myneni et al.

U0} PJOg U1 pajussald ale sanjea

-d pue sa1eWNSS YO uBdYIUBIS A|[eonSIIeIS "SUILBIAINNW 10 DUIZ ‘WNIUS|SS ‘WINIOJeD ‘T UIWEMA ‘O UIWEIIA ‘9U3l0Jed-e1aq 'y UIWEMNA :BUImo||o) 8U} 4O 310W 10 3UO JO S3EIUl S9pN|oUl asn Emsm_%:mn

*(uonnjjod Jre Joopui jo sdnolbagns 4oy 1daoxas uonnjjod re Joopui ybiy = G-§ pue Mo| = g-T ‘duou = ( JO Xapul ue) uonnjjod Jre Joopui pue ‘(Bujows Jo sdnoiBgns Joj 1dadxa ‘snonunuod) Buiows Jo siesk
yoed ‘(¥ = 000S< ‘€ = 6661-00SZ ‘2 = 66172-000T ‘T = 000T>) 0Bk sieak QT awoaul pjoyasnoy [enuue abelane ‘(xas Jo sdnoibgns 1oy 1daaxa) xas ‘(abe Jo sdnoibgns 10y 1daoxa sieak ul) abe 1oy u&m:.amm

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

kers Prev. Author manuscript; available in PMC 2017 April 01.

/omari

Cancer Epidemiol B



	Abstract
	Introduction
	Materials and Methods
	Study population
	Data collection
	Statistical analysis

	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

