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ABSTRACT

URPOSE: Gastroesophageal reflux disease (GERD) is common in patients with laryngeal cancer.
owever, the role of GERD in laryngeal cancer remains controversial because of poor matching and

election of inappropriate control groups in prior studies. We aimed to better understand this relationship
y conducting a matched case-control study.
ETHODS: This study was based in a single tertiary care center over a 2-year period. Cases included all
atients with a diagnosis of new laryngeal cancer presenting to the otolaryngology clinics. Two controls,
erived from the internal medicine clinics, were matched to the cases on an individual basis for age (within
year), gender, ethnicity, and time of first visit to the institution (within 1 month). Data were extracted by

hart review. Conditional logistic regression was used to assess the relationship between laryngeal cancer
nd GERD, tobacco, and alcohol consumption.
ESULTS: A total of 96 cases were matched to 192 controls. On univariable analysis, the significant risk
actors were current smoking, odds ratio (OR) 5.46 (95% confidence interval [CI], 2.59-11.50); alcohol,
R 1.97 (CI, 1.19-3.26); and GERD, OR 1.79 (CI ,1.03-3.11). On multivariable analysis, only smoking

nd GERD continued to be significantly associated with laryngeal cancer, OR 6.08 (CI, 2.82-13.10) and
R 2.11 (CI, 1.16-3.85), respectively.
ONCLUSIONS: Smoking and GERD are significant risk factors for laryngeal cancer and may have an
ndependent incremental risk for laryngeal carcinogenesis. © 2006 Elsevier Inc. All rights reserved.
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aryngeal cancer is the most common head and neck cancer in
he United States with an annual incidence of approximately
0,000 new cases.1-6 The 5-year mortality from this cancer is
eported to be 40%.7 Identification and reduction of the risk
actors might decrease the incidence of this cancer. However,
lthough some causal factors are well established, the role of
thers is still controversial. Among the former group are smok-
ng1-6 and, to a certain extent, alcohol use, whereas the latter
roup include genetic,8 environmental,9 certain occupa-
ions,10,11 viral infections,12 and dietary factors.13

Gastroesophageal reflux disease (GERD), because of its
igh prevalence in patients with laryngeal cancer, has at-

Requests for reprints should be addressed to Michael F. Vaezi, MD,
hD, MSepi, Department of Gastroenterology, Vanderbilt University Med-

cal Center, 1501 TVC, 1301 22nd Ave. South, Nashville, TN 37232-5280.

a: Michael.vaezi@vanderbilt.edu.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2006.01.019
racted attention as a possible etiologic factor.14-20 In a
eta-analysis of the effect of GERD on laryngeal cancer,
e recently reported a pooled odds ratio (OR) of 2.37 (95%

onfidence interval [CI], 1.38-4.08) for GERD in patients
ith cancer.21 However, prior studies assessing the role of
ERD in laryngeal cancer suffer from potential bias and

onfounding. For example, despite published data on age,
ender, and ethnic predilection in patients with laryngeal
ancer,3,22,23 no study has matched the subjects on these
ariables. Matching may be especially important in this
isease because the same demographic variables (age, gen-
er, and ethnicity) also may have an effect on GERD diag-
osis.24 In addition, prior controlled studies have been crit-
cized for the choice of controls not being representative of
he general population, possibly decreasing the reliability

nd generalizability of the study results.



a
v
t
d
l
e
c

M
T
a
b
F

S
T
s
l
e
i
(
t
w
c

o
C
(
l
c

a
c
w

GERD

769Vaezi et al Laryngeal Cancer and GERD
Thus, we aimed to perform a case-control study evalu-
ting the risks of smoking, alcohol, and GERD in the de-
elopment of laryngeal cancer and overcome these limita-
ions by matching cases and controls for the 3 significant
emographic variables (age, gender, and ethnicity) and se-
ecting appropriate controls for
ach subject with laryngeal
ancer.

ETHODS
he study design was reviewed and
pproved by the institutional review
oard of The Cleveland Clinic
oundation, Cleveland, Ohio.

tudy Population
his study was conducted in a
ingle tertiary care center with a
arge referral base from north-
ast Ohio. The cases in this study
ncluded all the adult patients
age �21 years) who presented
o our Head and Neck Institute and were first diagnosed
ith laryngeal cancer between January 1, 2002, and De-

ember 31, 2003. They were identified from the database

CLINICAL SIGNIF

● The role of GERD
uncertain due to

● Age, gender, and
important determ
were controlled
previous studies

● We found that th
cer was highest
smoked and had
Figure 1 Flowchart depicting the
f the department medical records by using International
lassification of Diseases, 9th Revision (ICD-9) codes

161.0-161.9). The diagnosis of cancer required patho-
ogic confirmation. Patients presenting with recurrent
ancers were excluded.

Controls were selected from the
large database of internal medicine
clinics. Two controls were matched
to a single case on an individual
basis as follows: The first step was
to identify a group of potential con-
trols who were matched to the case
by age, within 1 year. Gender, eth-
nicity, and time of first clinic visit
(within 1 month) also were matched
to cases. The time of the first visit to
the institution in controls was deter-
mined on the basis of the unique
institutional identifying number for
each patient. The institutional iden-
tifying numbers of the controls were
first placed in the ascending order,

nd then two controls with institutional identifying numbers
losest to the case after matching for age, gender, and ethnicity
ere selected (Figure 1).
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ata Collection
ata collected from the computerized archives of patients

ncluded demographics (date of birth, gender, and eth-
icity), date of cancer diagnosis, GERD-related symp-
oms, presence of other gastrointestinal disorders, use of
cid-suppressive medications, and smoking and alcohol
istory. The presence of other factors, including exposure
o radiation and family history of laryngeal cancers also
as noted. The results of investigations performed for
ERD, such as esophagoscopy, barium swallow, and pH
onitoring were noted.

efinition of Variables
or evaluation of smoking, all of the subjects were as-
igned to one of three mutually exclusive groups: current

Table 1 Univariable Associations with Laryngeal Cancer

Characteristics
Cases
(n � 96)

Age (y) median (25th, 75th percentiles) 61.0 (53.9
Females 21 (21.9
Ethnicity

Whites 86 (89.6
Blacks 7 (7.3%
Others 3 (3.1%

Alcohol 60 (62.5
Smoking

Never 18 (18.8
Ex-smokers 34 (35.4
Current 44 (45.8

Years of smoking 30.0 (15.0
Median (25th, 75th percentiles) n* � 90

Packs per day 0.0 (0.0-
Median (25th, 75th percentiles) n* � 96

Years of smoking cessation 0.0 (0.0-
Median (25th, 75th percentiles) n* � 78

GERD (Any criteria) 37 (38.5
Symptomatic GERD† 13 (13.5
GERD diagnosis by ICD-9 codes 12 (12.5
Long-term acid-suppressive therapy‡ 27 (28.1

GERD � gastroesophageal reflux disease; CI � confidence interval; n �
Diseases, 9th Revision.

*Number of patients in whom the data from the corresponding varia
†Symptomatic GERD included heartburn or acid regurgitation.
‡In the absence of other known gastrointestinal disorders.

Table 2 Conditional Logistic Regression Model for the Associa
Laryngeal Cancer

Factor Level Odds Ra

GERD No 1.00
Yes 2.11

Smoking Never 1.00
Quitter 2.02
Current smoker 6.08

GERD � gastroesophageal reflux disease.
mokers, ex-smokers, and lifetime nonsmokers. For cur-
ent smokers, information was obtained regarding the
ntensity (packs per day) and duration (in years) of smok-
ng. For ex-smokers, time since smoking cessation also
as recorded. Alcohol use was divided into 2 groups:

onsumers (including both current and former consum-
rs) and nonconsumers (lifetime nonconsumers). As with
moking, information about the intensity (drinks per day)
nd duration of consumption, and time since cessation (if
ormer drinker) also were recorded.

Diagnosis of GERD was established by ICD-9 codes and
resence of symptoms (heartburn or acid regurgitation),
sophagitis � Barrett’s epithelium, abnormal pH monitor-
ng, hiatal hernia, reflux on barium swallow, or presence of
ong-term acid-suppressive medications (in the absence of

Controls
(n � 192)

Odds Ratio
(95% CI)

61.5 (54.0-70.8) 0.94 (0.36-2.67)
42 (21.9%) 1.00 (0.56-1.83)

172 (89.6%) 1.00 (0.29-3.08)
14 (7.3%)
6 (3.1%)

85 (45.3%) 1.97 (1.19-3.26)

80 (41.9%) 1.00
70 (36.7%) 2.03 (0.99-4.15)
41 (21.5%) 5.46 (2.59-11.50)
0.0 (0.0-30.0) 1.23 (1.12-1.34)

n* � 147
0.0 (0.0-0.0) 3.86 (2.26-6.57)

n* � 188
7.0 (0.0-20.0) 0.77 (0.65-0.92)

n* � 111
52 (27.1%) 1.79 (1.03-3.11)
11 (5.7%) 2.58 (1.11-6.10)
39 (20.3%) 0.52 (0.24-1.09)
36 (18.8%) 1.81 (0.97-3.36)

er of patients with this variable; ICD-9 � International Classification of

re available.

f Gastroesophageal Reflux Disease and Smoking with

95% Lower Limit 95% Upper Limit

— —
1.16 3.85
— —
0.98 4.18
2.82 13.10
-71.3)
%)

%)
)
)
%)

%)
%)
%)
-40.0)

1.0)

8.0)
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%)
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ther known gastrointestinal disorders). The presence of
ny one of these findings established the diagnosis of
ERD.

tatistical Analysis
ivariable analysis was performed on all variables (de-
ographics, GERD symptoms, tobacco, and alcohol use).
requencies of laryngeal cancer for each level were cal-
ulated, and ORs were estimated. Multivariable analysis
sing conditional logistic regression was next performed
o estimate the odds of disease as a function of presence
f GERD, tobacco, and alcohol consumption, and the
nteraction terms between them (GERD*smoking,
ERD*alcohol, and smoking*alcohol). Conditional lo-
istic regression was used because the data were
atched. Final models were chosen with a backward

limination method. This method started with a model
ontaining all of the factors mentioned above and elim-
nated the least significant terms among the included
actors one at a time until all variables remaining in the
odel had a significance level lesser than .05. A type I

rror rate of 0.05 was used for all analyses. SAS 9.1
oftware (SAS Institute, Cary, NC) was used to carry out

igure 2 Smoking duration and risk of developing laryngeal c
L � upper limit of 95% confidence interval.
ll analyses. s
ESULTS
total of 96 patients with newly diagnosed laryngeal can-

er were identified over the 2-year study period. Some 192
atched controls from a total of 88,508 patients visiting the

nternal medicine outpatient clinics were randomly selected.
atching was successful for age, gender, and ethnicity

Table 1). The median age of cases was 61.0 years (25th and
5th percentiles: 53.9-71.3) compared with 61.5 years (25th
nd 75th percentiles: 54.0-70.8) in controls. Females con-
tituted 21.9% of cases and controls, 89.6% of subjects were
hite, 7.3% were black, and 3.1% were of other ethnicity.

aryngeal Cancer and Smoking
moking tobacco was significantly associated with laryn-
eal cancer; 45.8% of patients with laryngeal cancer were
urrent smokers compared with 21.5% of controls
P � .0001) (Table 1). By using nonsmokers as the refer-
nce, the odds of developing cancer in current smokers were
.46 (95% CI, 2.59-11.50) (Table 1). The multivariable
odel also suggested a significant (P � .001) association

etween smoking and laryngeal cancer (OR 6.08; 95% CI,
.82-13.10) (Table 2).

The risk of developing laryngeal cancer in smokers
eemed to be incremental and a function of the duration of

LL � lower limit of 95% confidence interval; OR � odds ratio;
ancer.
moking as it increased by 23% for every 5 years of smok-
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ng (OR 1.23; CI, 1.12-1.34) (Figure 2). The cancer risk was
lso related to the intensity of smoking increasing by ap-
roximately 4 times for every additional pack of smoking
OR 3.86; 95% CI, 2.26-6.57) (Figure 3). Furthermore, both
uration and intensity of smoking had an additive affect on
aryngeal cancer development (Figure 4). Smoking cessa-
ion diminishes the likelihood of developing laryngeal can-
er. The risk of developing cancer decreases by approxi-
ately 23% with every 5 years of smoking cessation (OR

.77; 95% CI, 0.65-0.92) (Figure 5). The maximum risk
eduction was noted in the first 15 years of smoking cessa-
ion, but the risk did not disappear completely (Figure 5).

aryngeal Cancer and Alcohol Consumption
istory regarding alcohol consumption was not consistently
etailed in patients’ medical records. Nonetheless, the effect
f alcohol was more modest compared with smoking (Table
). The univariable model suggested an increased risk for
aryngeal cancer with an OR of 1.97 (95% CI, 1.19-3.26).
he intensity (volume) of drinking also was an associated

isk factor (OR 1.17; CI, 1.01-1.35) with approximately a
7% increased risk of laryngeal cancer with one additional
rink of alcohol per day (Figure 6). However, the multiva-
iable model did not identify alcohol use as a significant risk

igure 3 Smoking intensity and risk of laryngeal cancer. LL � lo
f 95% confidence interval.
actor for laryngeal cancer (OR 1.22; 95% CI, 0.67-2.20). a
aryngeal Cancer and Gastroesophageal Reflux
isease
ERD was significantly associated with laryngeal cancer in
oth the univariable and multivariable models: OR 1.79
95% CI, 1.03-3.11) and OR 2.11 (95% CI, 1.16-3.85),
espectively (Tables 1 and 2). Significantly more cases
38.5%) than controls (27.1%) had GERD. Furthermore,
ymptomatic GERD also was significantly higher in patients
ith cancer compared with controls, 13.5% versus 5.7%,

espectively (OR 2.58; 95% CI, 1.11-6.10). However, the
umeric superiority of long-term acid suppression did not
each statistical significance in cases compared with con-
rols (OR 1.81; CI, 0.97-3.36). For any given level of smok-
ng, the presence of GERD increased the probability of
eveloping laryngeal cancer (Figure 7). There was no in-
eraction between smoking and GERD (P � .4), alcohol and
ERD (P � .2), and smoking and alcohol (P � .1).

ISCUSSION
n this study, we found that the risk of laryngeal cancer
as highest in patients who smoked and had GERD.
obacco use was the single most important risk factor in
eveloping laryngeal cancer. Presence of GERD alone

it of 95% confidence interval; OR � odds ratio; UL � upper limit
wer lim
lso increased the risk for laryngeal cancer significantly
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773Vaezi et al Laryngeal Cancer and GERD
rrespective of smoking. Alcohol use, although signifi-
ant in the univariable model, was not significantly as-
ociated with laryngeal cancer when adjusting for GERD
nd tobacco consumption. Thus, our data suggest that
obacco and GERD may have independent associations
ith laryngeal cancer development.
Several prior studies have suggested an association be-

ween smoking and laryngeal cancer,1,4,5,6,25 which is also
onfirmed in our matched case-control study. We also con-
rmed prior observations4,25 on the longitudinal effect of
moking on laryngeal cancer. Our data also suggest that the
ntensity of smoking may carry a far greater risk than
uration of smoking. However, unlike other studies finding
decline in the cancer risk for the general population after

5 years of cessation,4 we found that the risk reduction
ight be much slower. Increased risk might last up to 40 to

5 years.
Lifelong nonsmokers were more prevalent in our study

19%) than in prior reports (5%-10%).4,25 The reason for
his discrepancy is not entirely clear. Differences in patient
opulation may be one reason. It also may be the result of
eclining smoking prevalence in the U.S. population.26

ith the decreasing tobacco consumption, increasing laryn-
eal cancer prevalence in the US population may need to be

igure 4 Relationship between duration and intensity of smokin
ay.
xplained by other causes. Our study suggests that GERD G
ay be an important possible cause. Although smoking
revalence has decreased, the prevalence of GERD has
ncreased over the past 3 decades.27

The association of GERD with laryngeal cancer was first
uggested in 1983 by Olson,14 who identified laryngeal
ancers in a series of patients with GERD. Since then,
everal studies have reported a high prevalence of GERD in
atients with laryngeal cancer.15-21 However, these studies
ere not well matched and were criticized for selection of

nappropriate control population. African Americans are
ore likely to have laryngeal cancer than whites,23 females

re more susceptible to this cancer than males,22 and pa-
ients aged more than 60 years are more likely to acquire
his cancer.4,22 GERD symptoms, diagnosis, and treatment
lso have ethnic and gender predilection.24 Thus, demo-
raphic variability may have played an important confound-
ng role in prior studies of GERD and laryngeal cancer. Our
atched case-control study, however, continues to support

n association between GERD and laryngeal cancer.
Selection of inappropriate control groups in the past has

esulted in conflicting reports regarding association of
ERD with laryngeal cancer. For example, in a study by
hen et al.,28 who chose cases and controls from the ear,
ose, and throat clinics, concluded no association between

laryngeal cancer development. OR � odds ratio; ppd � packs per
g and
ERD and laryngeal cancer. However, El-Serag et al.20
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eported a significant association based on a Veterans Af-
airs patient population. Because laryngeal cancer develops
n the general population, the appropriate control group
ould also need to be selected from this population. We

hose controls from the internal medicine clinics because
his group of patients most closely resemble the general
opulation than those presenting to specialty clinics. As a
erification of this contention, GERD prevalence of 27% in
ur control group closely resembles the GERD prevalence
reviously reported in the general population (20%-40%).29

Important shortcomings of our study may include the
resence of misclassification bias and inability to address
he issue of reverse causality. The misclassification bias
ecomes evident because of non-uniformity of the GERD
iagnosis. For example, GERD diagnosis in the patients
ith laryngeal cancer was more commonly established on

he basis of the presence of GERD symptoms. Thus, GERD
lassification in this group could have been overestimated if
ymptoms were not attributable to GERD and if acid sup-
ression was administered for non-GERD reasons. Such a
isclassification would increase the likelihood of finding an

ssociation between GERD and laryngeal cancer. In addi-
ion, more of the control group were diagnosed with GERD
y ICD-9 codes. Because ICD-9 codes are not indicative of

igure 5 Smoking cessation and the likelihood of developing lar
atio; UL � upper limit of 95% confidence interval.
he severity and current activity of the disease, it is possible B
hat patients with occasional heartburn in the past could
ave been coded as having GERD. Such a misclassification
ould have decreased the likelihood of GERD association
ith cancer. The differing practices of diagnosing GERD
etween the otolaryngology and internal medicine physi-
ians may also be a cause for potential misclassification in
ur study. These misclassification biases assume added im-
ortance because the 95% CI for GERD barely crossed
ignificance. However, the increased significance of GERD
n inclusion of smoking in the logistic regression model
uggests that there might be an interaction between the two
isk factors, which was not detected because of the study
ample size.

Another deficiency of our study was a failure to assess
he effect of reverse causality. Given the limited data on the
uration of GERD in cases and controls, evaluation of this
henomenon was not possible. Thus, it is possible that
aryngeal cancer may increase the prevalence of GERD, and
ur current observation of increased GERD prevalence in
aryngeal cancer may be a case of reverse causality. There
re currently no data suggesting that laryngeal cancer can
nduce GERD; however, this possibility will need to be
ddressed in future clinical studies. Other potential biases,
hich could not have been controlled for may include

l cancer. LL � lower limit of 95% confidence interval; OR � odds
yngea
erkson’s bias, referral bias, and length bias. Berkson’s bias
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775Vaezi et al Laryngeal Cancer and GERD
ould have not been substantial in this study because both
he cases and controls were evaluated and diagnosed as
utpatients. Referral bias was unavoidable given the fact
hat the study was conducted in a tertiary referral center.
owever, both cases and controls were from the same

nstitution. Length bias may have existed if the patients with
ore severe laryngeal cancer died before being evaluated.

ONCLUSION
n this matched case-control study, smoking and GERD were
ndependent risk factors for laryngeal cancer development. To
educe the risk of laryngeal cancer, physicians should educate
atients on complete cessation of smoking and treat GERD in
ymptomatic patients. Future studies are needed to assess the
ole of reverse causality and prospective assessment of GERD
n controls and in patients with laryngeal cancer.
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