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Background. Smoking increases the risk of numerous cancers; however, an association of smoking with adult gliomas has not
been found in a population.

Methods. This case-control study included 4556 glioma cases (ICD-9 code 191.0–191.9) aged ≥30 years and 9112 controls from
a national survey of smoking and mortality in China in 1989–1991. Controls from 325 255 surviving spouses of all-cause deaths
were randomly assigned to cases in each of 103 areas according to sex and age groups at a ratio of 2:1. Smoking information was
ascertained retrospectively by interviewing surviving spouses.

Results. After adjustment for confounders, smoking increased the risk of glioma deaths by 11% (odds ratio [OR]¼ 1.11; 95% con-
fidence interval [CI]: 1.03–1.21). Compared with non-smokers; the increased risk was 9% (OR¼ 1.09; 95% CI: 0.99–1.20) in men
and 16% (OR¼ 1.16; 95% CI: 1.00–1.36) in women. The risk increased with age and doses. For individuals aged ≥50 years, smok-
ing was associated with higher risk of glioma death by 25% (OR¼ 1.25; 95% CI: 1.15–1.38); this increased risk for smokers who
smoked ≥20 cigarettes daily for ≥30 years was 53% (OR¼ 1.53; 95% CI: 1.34–1.74). There were similar findings in both men and
women and with either pathology-based or non–pathology-based comparisons.

Conclusions. This study indicates that smoking is associated with glioma deaths in the Chinese population. Long-term heavy
smoking could be a factor for risk stratification in individuals attending brain tumor clinics.
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A brain tumor has become the seventh leading cause of death
from malignant tumors, accounting for 2.3% of all malignant
tumors, with an increase in the mortality rate of 194% in
China in 2008 compared with the 1970s and 101% compared
with the 1990s.1 A glioma, the main pathological subtype of
brain tumor, is often fatal because of its invasive nature and re-
sistance to current treatments. Currently, the only established
modifiable risk factor for gliomas except age, male sex, Cauca-
sian race, and inherited factors, is ionizing radiation exposure.2–4

An association of smoking with gliomas has not been sys-
temically observed in population-based case-control stud-
ies4 – 8 or cohort studies,9 – 11 although cigarette smoking is a

risk factor for numerous cancers. Furthermore, a meta-analysis
pooling 6 cohort and 11 case-control studies has also not pro-
duced a significant association.12 This is likely related to a pro-
tective effect from the blood-brain barrier (BBB), which
selectively excludes most endogenous and xenobiotic blood-
borne substances from entering the brain.13 However, a recent
experimental study showed that nicotine, a major active com-
ponent of cigarette smoke, stimulates the malignant behavior
of glioma cells.14 Experience from developed countries showed
that tobacco control accounted for almost all of the improve-
ment in mortality rates for smoking-related cancers during
the past 4 decades. However, an association of smoking with
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relatively less common tumors, such as gliomas, is unclear, and
a strategy for the prevention and treatment of these tumors is
absent, particularly in China (which has the largest consump-
tion of tobacco in the world, with an estimated 301 million cur-
rent smokers and poor tobacco control).15,16

The aim of the current study was to explore whether there
was evidence of an association between cigarette smoking and
adult glioma deaths.

Methods

National Mortality Survey Data

We used a dataset from the China Nationwide Retrospective
Mortality Survey conducted from 1989 through 1991. There
were 802 032 (70.6%) deaths in 24 urban areas, and 334 304
(29.4%) deaths in 79 rural counties, which were randomly cho-
sen from more than 2000 counties in China. This survey covered
67 million people and included 1 136 336 all-cause deaths of
subjects aged 30 years or older during the years 1986–1988.
These 103 areas covered all geographic and economic zones
across 28 provincial administrative regions of China. The under-
lying cause of each death was coded according to the World
Health Organization’s International Classification of Diseases,
9th Edition (ICD-9). Additional details on this survey were de-
scribed elsewhere.17

Recruitment of Cases and Controls

The specific methods used to recruit all cases and controls are
shown in Fig. 1. Although a histological code is not available in
ICD-9 codes, we collected related information in the survey and
labeled individual histologies in this study. A total of 4894 men
and women aged 30 years or older and who died from gliomas
(ICD-9 codes 191.0–191.9) were initially selected for the study.
After excluding subjects with missing information on sex or smok-
ing and other malignant tumors (ICD-9 codes 140.0–189.9 and
192.0–209.4), 4556 (93.0%) were included as cases, with 56.6%,
24.7%, and 11.8% diagnosed in province-, prefecture-, and county-
level hospitals, respectively. The diagnosis was confirmed by autop-
sy, histological test, surgical operation, clinical assessment includ-
ing imaging or laboratory tests, clinical assessment, and deduction
after death in 0.4%, 24.3%, 9.7%, 57.0%, 6.9%, or 0.8% of cases
(0.9% unknown), respectively. Pathology-based diagnoses, includ-
ing autopsies and histological examinations, and surgical proce-
dures that are authorized as the highest category of diagnosis in
a national death surveillance system of China, were performed in
34.4% (35.0% for men, 33.6% for women, 36.2% for urban resi-
dents, and 26.4% for rural residents, respectively).

We selected 325 255 sex and age-span-assigned surviving
spouses of all 1 134 919 all-cause deaths as controls in both
urban and rural areas. Among these, 12 838 were excluded
because of missing data or previous diagnosis of malignant tu-
mors (ICD-9 code 140.0–209.4) at the time of interview. The
remaining 312 417 subjects (96.1% of surviving spouses who
provided recalled information) were randomly assigned to glio-
ma deaths using a computer-generated allocation algorithm
designed for this purpose. Controls were assigned to cases
based on a ratio of 2 controls for each case in each of the
103 study areas for statistical power according to sex and

10-year age spans from aged 30 years to more than 80
years. When this assignment could not be performed because
of a small sample size in either case or control groups of some
rural areas, the corresponding areas were combined with
neighboring areas. This control selection procedure was based
on the assumption that individuals in the control group were
representative of the source population.18

Smoking Survey Data

Spouses or other relatives of all deceased persons were inter-
viewed to obtain information on smoking history. The inter-
viewees described the smoking habit of their deceased family
member and of themselves. These data were used to deter-
mine whether people had ever smoked by 1980 (a period of
time before onset of their disease) to minimize effects of
behavior changes after diagnosis of disease. Smoking was de-
fined as at least one cigarette smoked per day for up to one
year. For smokers, we defined years of smoking as the age at
death for the case or spouse’s age at the time of partner’s
death minus age at onset of daily smoking (given the low
rate of quitting smoking).18 The number of cigarettes smoked
per day was also recorded.

Statistical Analysis

Odds ratios (ORs) with 95% confidence intervals (CIs) were
used to estimate the effects of smoking history on the risk of
glioma deaths. Our cases and controls were from the same
source population with a complete frequency distribution on
sex, age group, and area. Therefore, in a multiple-factor analy-
sis, a non-conditional logistic regression model was used to es-
timate the risk of smoking and conduct a trend test with
adjustment for confounders. Attributable fractions, calculated
as (OR–1)/OR, were used to express risk attributing to glioma
deaths for the smoking population. All analyses were per-
formed using SAS 9.2 statistical software package (SAS Insti-
tute). All P values were 2-sided except for P trend tests, in
which 1-sided P values were used; a P value ,.05 was consid-
ered statistically significant.

Results
The study population comprised 57.1% men and 42.9%
women, 82.1% from urban areas and 17.9% from rural areas.
The age of cases and controls was comparable (56.7+13.0
years and 56.7+12.8 years, respectively). In general, there
was a slightly higher prevalence of smoking of 41.3% (59.7%
for men and 16.7% for women) in the case group compared
with 39.2% (57.7% for men and 14.6% for women) in the con-
trol group. This was associated with a slightly increased risk of
glioma deaths by 11% (OR¼ 1.11; 95% CI: 1.03–1.21) after ad-
justment for sex, age, and area of residence. The increased risk
was 9% (OR¼ 1.09; 95% CI: 0.99–1.20) in men, 16% (OR¼
1.16; 95% CI: 1.00–1.36) in women, 12% (OR¼ 1.12; 95% CI:
1.02–1.22) in urban populations, and 9% (OR¼ 1.09; 95% CI:
0.90–1.34) in rural populations.

The numbers of cases and controls in all subgroups, defined
by sex and age group, are shown in Table 1. ORs for an associ-
ation between smoking and glioma deaths were influenced by
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age, and both crude and adjusted ORs of over 1.00 were ob-
served in both men and women aged 50 years or older. For in-
dividuals aged ≥50 years, smoking was associated with higher
risk of glioma deaths by 25% (OR¼ 1.25; 95% CI: 1.15–1.38)
adjusted for sex, age, and area of residence. The increased
risk was 27% (OR¼ 1.27; 95% CI: 1.13 –1.42) in men, 23%
(OR¼ 1.23; 95% CI: 1.04–1.44) in women, 13% (OR¼ 1.13;
95% CI: 0.98 –1.31) in pathology-based comparison, and
32% (OR¼ 1.32; 95% CI: 1.19–1.47) in non-pathology-based
comparison. We also calculated ORs and attributable fractions
according to area of residence and sex as shown in Table 2. In
particular, rural residents showed a much higher OR than urban
residents, and rural men had a much larger attributable

fraction of 32.4% compared with 18.7% and 18.0% in urban
men and urban women, respectively.

A dose-response relationship between smoking variables,
such as years of smoking and number of cigarettes smoked
daily and glioma deaths, was found (Table 3). In men, the ORs
were 0.70 (95% CI: 0.57–0.85), 0.92 (95% CI: 0.78–1.08), and
1.24 (95% CI: 1.11–1.38) for smokers with ,20, 20–29, and
≥30 years of smoking (P for trend ,0.001) and 1.00 (95% CI:
0.87–1.16), 1.00 (95% CI: 0.86–1.13), and 1.24 (95% CI: 1.10–
1.41) for smokers with ,10, 10–19, and ≥20 cigarettes smoked
daily (P for trend¼ .001) after adjustment for age and urban or
rural residence compared with non-smokers; this trend was similar
in women. For either pathology-based or non-pathology-based

Fig. 1. Flow chart for recruitment of the case and control. *Gliomas (ICD-9: 191.0–191.9) as an underlying cause of deaths.
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comparison with all controls, the ORs adjusted for age and
urban or rural residence showed an obvious dose-response re-
lationship between smoking and glioma deaths. We used a
common reference group, (ie, non-smokers) based on multivar-
iable logistic models to express the synergistic effects of years
of smoking and number of cigarettes smoked daily, and found
that the risk dramatically increased with years of smoking and
the number of cigarettes smoked daily. In particular, in long-
term heavy smokers (defined as individuals with ≥30 smoking
years) and ≥20 cigarettes (equivalent to one pack) smoked
daily, the risk increased by 53% (OR¼ 1.53; 95% CI: 1.34 –
1.74) after adjustment for age, sex, and area of residence;
this increased risk was 40% (OR¼ 1.40; 95% CI: 1.15–1.71) in
pathology-based comparisons and 61% (OR¼ 1.61; 95% CI:
1.39–1.87) in non-pathology-based comparisons. These find-
ings were consistent in both men and women (Fig. 2).

Discussion
To the best of our knowledge, this is the first study to indicate
an overall association of cigarette smoking with adult gliomas

among both men and women. Our main finding was that cig-
arette smoking increased the risk of glioma deaths, especially in
the population aged 50 years or older.

Whether or not suspect agents can cross the BBB or whether
environmental exposures can reach the brain by other routes is
crucial in the study of risk factors for gliomas.19 Evidence
showed that cigarette smoking could severely impair endothe-
lial function by directly affecting endothelial tight junctions and
the ionic homeostasis across the endothelium at the cerebro-
vascular level and specifically at the BBB.13,20,21 More recently,
an effect of nicotine on cellular proliferation, migration, signal-
ing, and radiation sensitivity by activation of the epidermal
growth factor receptor and protein kinase B, has been shown
in gliomas.14 Additionally, intravenously administered N-nitrous
compounds in cigarette smoke have been shown to induce gli-
omas in rats.22

In our study, the duration and dose of exposure to tobacco
were highly associated with glioma deaths independent of sex,
age, and urban or rural residence. We first hypothesized that
carcinogens in cigarette smoke may act to initiate tumors in
the brain, with an induction period of at least 30 years, which
is similar to other malignant tumors.23 This induction period of

Table 2. Effects of smoking on glioma deaths in individuals aged 50 years or older

Crude OR (95% CI) Age-adjusted OR* (95% CI) Prevalence of Smoking in
the Control Group (%)

AFs (%)

Urban men 1.23 (1.09–1.39) 1.23 (1.09–1.39) 57.0 18.7
Urban women 1.22 (1.03–1.44) 1.21 (1.02–1.44) 16.2 18.0
Rural men 1.48 (1.10–1.99) 1.50 (1.11–2.02) 60.9 32.4
Rural women 1.36 (0.81–2.28) 1.37 (0.82–2.30) 7.4 –

Abbreviations: AFs, attributable factors; CI, confidence interval; OR, odds ratio.

Table 1. Current smoking prevalence and odds ratios

Age Group (years) N (% of Smokers) Crude OR (95% CI) Adjusted ORa (95% CI)

Case Control

Men
30–39 310 (49.4) 620 (59.8) 0.65 (0.50–0.86) 0.69 (0.51–0.90)
40–49 372 (55.4) 744 (61.4) 0.78 (0.61–1.00) 0.78 (0.61–1.00)
50–59 744 (62.5) 1488 (59.5) 1.13 (0.95–1.36) 1.13 (0.95–1.36)
60–69 726 (64.6) 1452 (58.7) 1.29 (1.07–1.55) 1.29 (1.07–1.55)
≥70 448 (58.0) 896 (48.2) 1.49 (1.18–1.87) 1.47 (1.16–1.85)
Total 2600 (59.7) 5200 (57.7) 1.09 (0.99–1.20) 1.09 (0.99–1.20)

Women
30–39 293 (2.1) 586 (2.2) 0.92 (0.35–2.45) 0.91 (0.34–2.43)
40–49 287 (6.6) 574 (8.0) 0.81 (0.47–1.42) 0.81 (0.47–1.42)
50–59 570 (19.7) 1140 (16.7) 1.22 (0.94–1.58) 1.23 (0.95–1.59)
60–69 500 (24.4) 1000 (20.8) 1.23 (0.95–1.59) 1.23 (0.95–1.59)
≥70 306 (22.2) 612 (18.8) 1.24 (0.88–1.73) 1.40 (0.99–1.98)
Total 1956 (16.7) 3912 (14.6) 1.17 (1.01–1.36) 1.16 (1.00–1.35)

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for age and urban or rural residence.
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Table 3. Dose-response relationships between smoking and glioma deaths

Men Women

Case Control Crude OR (95% CI) Adjusted OR Case Control Crude OR (95% CI) Adjusted OR (95% CI)a

N (% of Proportion) (95% CI)a N (% of smokers)

Total
Non-smoker 1047 (40.3) 2202 (42.4) 1.00 1.00 1629 (83.3) 3340 (85.4) 1.00 1.00
Years of smoking

,20 211 (8.1) 510 (9.8) 0.87 (0.73–1.04) 0.70 (0.57–0.85) 40 (2.0) 80 (2.0) 1.03 (0.70–1.51) 1.03 (0.70–1.51)
20�29 287 (11.0) 607 (11.7) 0.99 (0.85–1.17) 0.92 (0.78–1.08) 58 (3.0) 109 (2.8) 1.09 (0.79–1.51) 1.09 (0.79–1.51)
≥30 1055 (40.6) 1881 (36.2) 1.18 (1.06–1.31) 1.24 (1.11–1.38) 229 (11.7) 383 (9.8) 1.23 (1.03–1.46) 1.22 (1.02–1.46)
P for trend ,0.001 0.016

Cigarettes smoked daily
,10 393 (15.1) 838 (16.1) 0.99 (0.86–1.14) 1.00 (0.87–1.16) 159 (8.1) 297 (7.6) 1.10 (0.90–1.34) 1.09 (0.89–1.34)
10�19 513 (19.7) 1071 (20.6) 1.01 (0.89–1.15) 1.00 (0.86–1.13) 91 (4.7) 183 (4.7) 1.02 (0.79–1.32) 1.02 (0.79–1.32)
≥20 647 (24.9) 1089 (20.9) 1.25 (1.11–1.41) 1.24 (1.10–1.41) 77 (3.9) 92 (2.4) 1.72 (1.26–2.34) 1.71 (1.25–2.33)
P for trend 0.001 0.004

Pathology-basedb

Non-smoker 379 (41.7) 2202 (42.4) 1.00 1.00 565 (85.9) 3340 (85.4) 1.00 1.00
Years of smoking

,20 97 (10.7) 510 (9.8) 1.11 (0.87–1.41) 0.72 (0.55–0.95) 9 (1.4) 80 (2.0) 0.67 (0.33–1.33) 0.63 (0.32–1.27)
20–29 116 (12.8) 607 (11.7) 1.11 (0.89–1.39) 0.96 (0.76–1.21) 20 (3.0) 109 (2.8) 1.09 (0.67–1.76) 1.07 (0.66–1.75)
≥30 318 (35.0) 1881 (36.2) 0.98 (0.84–1.15) 1.15 (0.97–1.36) 64 (9.7) 383 (9.8) 0.99 (0.75–1.31) 1.12 (0.83–1.49)
P for trend 0.097 0.284

Cigarettes smoked daily
,10 123 (13.5) 838 (16.1) 0.85 (0.69–1.06) 0.92 (0.74–1.15) 45 (6.8) 297 (7.6) 0.90 (0.65–1.24) 0.97 (0.69–1.34)
10–19 185 (20.3) 1071 (20.6) 1.00 (0.83–1.21) 0.95 (0.79–1.16) 23 (3.5) 183 (4.7) 0.74 (0.48–1.16) 0.78 (0.50–1.22)
≥20 223 (24.5) 1089 (20.9) 1.19 (0.99–1.43) 1.14 (0.95–1.37) 25 (3.8) 92 (2.4) 1.61 (1.02–2.52) 1.74 (1.11–2.75)
P for trend 0.114 0.195

Non-pathology-basedb

Non-smoker 668 (39.5) 2202 (42.4) 1.00 1.00 1064 (82.0) 3340 (85.4) 1.00 1.00
Years of smoking

,20 114 (6.8) 510 (9.8) 0.74 (0.59–0.92) 0.67 (0.53–0.86) 31 (2.4) 80 (2.0) 1.22 (0.80–1.85) 1.26 (0.83–1.92)
20–29 171 (10.1) 607 (11.7) 0.93 (0.77–1.12) 0.90 (0.73–1.09) 38 (2.9) 109 (2.8) 1.09 (0.75–1.59) 1.11 (0.76–1.61)
≥30 737 (43.6) 1881 (36.2) 1.29 (1.14–1.46) 1.29 (1.13–1.46) 165 (12.7) 383 (9.8) 1.35 (1.11–1.64) 1.28 (1.04–1.56)
P for trend ,0.001 0.007

Cigarettes smoked daily
,10 270 (16.0) 838 (16.1) 1.05 (0.89–1.23) 1.06 (0.90–1.25) 114 (8.8) 297 (7.6) 1.21 (0.96–1.51) 1.16 (0.92–1.46)
10–19 328 (19.4) 1071 (20.6) 1.02 (0.87–1.18) 1.01 (0.87–1.17) 68 (5.2) 183 (4.7) 1.17 (0.88–1.55) 1.14 (0.86–1.53)
≥20 424 (25.1) 1089 (21.0) 1.30 (1.13–1.50) 1.28 (1.11–1.48) 52 (4.0) 92 (2.4) 1.78 (1.26–2.51) 1.72 (1.21–2.43)
P for trend 0.006 0.001

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for age and urban or rural residence.
bAll controls included in this study were used.
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30 smoking years seems to be particularly associated with a
higher risk of glioma deaths when combined with a higher
number of cigarettes smoked per day (Fig. 2). Our study showed
that the proportion of smokers with more than 30 years of
smoking was much higher than subjects with fewer years
of smoking (Table 3). Furthermore, smokers aged 50 years or
older in our study had a significantly increased risk of glioma
death. A young age for starting smoking (52.4% of male smok-
ers and 37.4% of female smokers in this study started smoking
before the age of 20 years), and a low rate of quitting smoking
(eg, 3.5%18) substantially contribute to a large number of long-
term smokers. The incidence of brain tumors is also influenced
by age, and the majority of cases were aged 50 years or older
as shown in Fig. 3. In China, rural men have the highest brain

tumor mortality of 3.29 per 100 000 compared with urban
men (2.47 per 100 000), urban women (2.00 per 100 000),
and rural women (2.40 per 100 000) (1). Our results corre-
spondingly showed not only the highest risk of glioma deaths
from smoking by 51%, but also indicated that the greatest pre-
ventive effect of smoking cessation would be in rural male
smokers aged 50 years or older (ie, 32.4% of all glioma deaths
would be prevented if tobacco use ceased in this group). In con-
sidering a strategy for smoking cessation, taking into account
the induction period for the effect of cigarette smoking, rural
men of all ages would be an important population to target. Ad-
ditionally, it was reported that there was a much higher inci-
dence and an increase in incidence of brain tumors during
2003–2007 in urban areas than that in rural areas (7.07 per

Fig. 2. Effects combining years of smoking with cigarettes smoked per day on glioma deaths (adjusted for age and urban or rural residence;
*P , .01).
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100 000 vs 4.99 per 100 000; 18.26% vs 12.67%).1 Therefore,
early detection and preventive strategies are particularly impor-
tant in urban areas. Long-term heavy smokers in our study had
an excess risk of glioma death. Thus, establishing a smoking his-
tory for individuals attending brain tumor clinics is likely to be of
value.

Our study indicated that the association between smoking
and glioma death was likely stronger among women than
among men, as supported by previous studies.7,8 For instance,
in a cohort of 133 811 subscribers to the Kaiser Permanente
Medical Care Program of Northern California aged at least 25
years old with follow-up of up to 21 years, there were 130 gli-
oma cases and an increased risk of gliomas among women of
70% (hazard ratio [HR]¼ 1.7; 95% CI: 0.9–3.1), 80% (HR¼ 1.8;
95% CI: 0.8–4.1), and 200% (HR¼ 3.0; 95% CI: 0.9–10.6) for
less than 1 pack, 1–2 packs, and more than 2 packs smoked
per day, respectively (P for trend ¼0.04), compared with non-
smokers; but this finding was not observed in men.7 This is par-
ticularly meaningful in China, where women have a much high-
er incidence (5.2 per 100 000) of brain tumors than in the world
overall (3.2 per 100 000), less developed regions (2.8 per
100 000), and more developed regions (4.4 per 100 000) and

further indicates a need for preventive measures against
smoking.1,24

A key strength is that this is the largest population-based case-
control study with the most pathology-based cases, to our knowl-
edge, on smoking in relation to gliomas. Because an underlying
weak effect of tobacco on gliomas was indicated by previous
studies, statistical power could not be achieved by fewer cases.
For example, although the National Institutes of Health-AARP
Diet and Health Study recruited 477 095 participants, current to-
bacco exposure rate much lower than ours (12.5% vs 39.2%)
was probably difficult to result in more incident cases of glio-
mas and significant difference between exposure group and
controls thus, especially in men, current heavy smoking was
at odds shown to be associated with a reduced risk of glio-
mas.4,25 Next, getting probability sample of controls may be
too time consuming or otherwise infeasible in such a huge
source population from which cases were identified. Selecting
living spouses as controls made it possible to produce an ap-
proximate random sample, considering that the distribution
of all deaths was at random in the source population, as
were their spouses’ deaths.26 This design is novel and has
been verified by our serial studies.17,18,26,27 Additionally, living

Fig. 3. Incidence and mortality of brain tumors in China (2003–2007).1
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spouses recalled exposure information for both cases and con-
trols; thus, accuracy of the information was guaranteed.

In this study, regardless of pathology-based comparison or
not, the association of smoking with gliomas was consistently ob-
served. We excluded 42 cases with ICD-9 codes of both gliomas
and other malignant tumors including lung cancer, which is prone
to brain metastases, to reduce misclassification and guarantee a
case group with a glioma as the underlying cause of death (Fig. 1).
Obvious differences in exposure levels by years of smoking and
numbers of cigarettes smoked daily were not observed between
pathology-based cases and non-pathology-based cases (Table 2);
this allowed legitimate comparison of these 2 datasets with con-
trols, although the younger age of pathology-based cases, when
compared with non-pathology-based cases (54.1 vs. 58.0 years)
likely weakened the association between smoking and gliomas.
We also observed robust significance of overall ORs from 1.10
to 1.13 on the base of pathology-based comparisons when
40%, 50%, . . . ,100% of non-pathology-based cases were as-
sumed as pathology-based cases (see Supplementary material,
appendix Table S1 showing 0%, 10%, 20%, . . . ,100% of non-
pathology-based cases were, step by step, involved into
pathology-based comparisons). Considering that 81.3% of glio-
mas, a life-threatening disease, were diagnosed and treated in
a tertiary hospital and other malignant tumors were excluded
in the case group, a misdiagnosis rate could not be more than
40% where a change from non-significance to significance
was observed, as shown in supplementary material, appendix
Table S1. Moreover, a 5-year survival rate of gliomas was close
to zero at the time of the survey; thus, retrospective collection
of smoking information 5 years before death could decrease
bias from changes in behavior after diagnosis. As there was little
ionizing radiation exposure and cell phone use at the time of the
study, there was likely no contribution to bias. Based on these
facts, our results are reliable. Finally, China’s smoking pattern is
stable: in the past 3 decades China had a slight decreasing
trend of current smoking prevalence from 33.88% in 1984 to
28.1% in 2010 for adults aged 15 years or older.18 Therefore,
we could justifiably derive some implications for current
tobacco control policies in China using the etiological linkage
(ie, ORs from national survey data collected in 1989–1991).

This study has some limitations. We cannot exclude bias
from genetic susceptibility and specific genetic polymorphisms,
which are likely risk factors for gliomas.28,29 Also, some con-
founding factors, such as alcohol intake, were not acquired in
such a large-scale field survey, so we could not adjust for
these confounders. Next, recall bias, a measurement error
from surviving spouses that might attenuate the association
between smoking and gliomas, could not be completely ex-
cluded. Additionally, we could not exclude diagnostic bias
from two-thirds of non-pathology-based cases completely.

In conclusion, this study across 28 provincial administrative
regions of China provides the first evidence to support an asso-
ciation between tobacco use and gliomas among both male
and female adults. Given the relationships between smoking
and various forms of malignant tumor and cardiovascular dis-
eases, it is highly advisable that the government develop strong
tobacco prevention and cessation programs in both urban and
rural areas of China. In particular, smoking cessation should be
targeted at rural men. For individuals attending brain tumor
clinics, long-term heavy smoking could be recognized as a

factor for risk stratification and behavior intervention; this is im-
portant for urban residents, especially urban women.

Supplementary Material
Supplementary material is available at Neuro-Oncology Journal
online (http://neurooncology.oxfordjournals.org/).
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