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Abstract: Laryngeal squamous cell carcinoma (SCC) is strongly linked to cigarette smoking. It is estimated to account for more than 
70% of laryngeal SCCs and up to 89% in combination with alcohol. We wished to determine the prevalence of cigarette smoking and 
alcohol ingestion among patients with laryngeal squamous cell carcinoma and estimate risk attributed to cigarette smoking and alcohol 
ingestion. Fifty experimental group patients and fifty controls were recruited of matching age, sex and region of residence. History of 
smoking and alcohol intake was taken and analyzed to estimate the relative strengths of these exposures. Cessation of smoking was 
associated with reduced risk of SCC. Smokers had increased risk compared to controls. Those who smoked only had a higher glottic 
cancer risk. Those who smoked and drank alcohol had a higher supraglottic cancer risk. Being a current smoker and long duration of 
smoking were independent risk factors of laryngeal SCC.
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Introduction
In human history, tobacco inhalation dates as far back 
as 5000 BC when it was used for various religious, 
medicinal and later recreational purposes, though no 
specific mention is made about it in the bible.1 The 
most common mode of tobacco inhalation is cigarette 
smoking.1 In the International Agency for Research 
on Cancer (IARC) monograph, it was concluded that 
there was sufficient evidence that the habit could 
cause not only lung cancer, but also cancers of the 
upper aerodigestive tract including the larynx, phar-
ynx and upper esophagus.1

In Kenya, cancer as a disease ranks third as a cause 
of death after infectious and cardiovascular diseases.2 
Currently Kenya has no reliable cancer registry and 
data availability is scanty and mainly hospital based. It 
was reported that in 2005, approximately 18,000 deaths 
were due to cancer, with most victims under the age of 
70 years.2 Mutuma and colleagues2 found that head and 
neck cancer, of which laryngeal cancer was most com-
mon, is the leading cancer in males at 14.8% in Kenya, 
and is third among females after cancer of the breast 
and cervix. Furthermore, there seems to be a steady rise 
in the incidence of head and neck cancer, as evidenced 
by trends documented by Mutuma and colleagues.2 
Onyango and colleagues3,4 reported a 39% prevalence 
of laryngeal cancer among patients with head and neck 
cancer (n = 793) followed by cancers of the tongue, 
mouth and the  nasopharynx, in that order. This differs 
with earlier reports from the Kenyatta National Hospi-
tal inpatient admission registry that showed laryngeal 
cancer as the third most common after laryngeal and 
oral cancers. However, Nyandusi in his dissertation 
study [University of Nairobi 2007] in the same hospi-
tal showed that cancer of the larynx was now the most 
common  head and neck tumor followed by nasopha-
ryngeal, hypopharyngeal and oral ones in that order. 
Specific and detailed accounts on the amount, type and 
duration of smoking in relation to cancer of the larynx 
were not carried out. These studies did not have control 
groups and no statistical testing was done.

During tobacco inhalation, the larger particles 
are mainly deposited to laryngeal mucosa during 
 inspiration. The fine and ultrafine particles have been 
shown to be deposited during secondary flows gener-
ated by turbulence created by the reduced cross sec-
tional area and convoluted topographic anatomy of 
the human larynx.5 Further deposition occurs during 

exhalation phase of smoking,  especially in regard 
to the fine and micro fine particles.7  Martonen and 
colleagues6 showed that the higher deposition of 
cigarette smoke to this site predisposed it to a higher 
incidence of cancer compared to other regions of the 
airway. This is supported by a study by Yang9 that 
showed a 3,000-fold chance of upper airway cancer 
compared to lower airway cancer. The presence of 
laminar flow of tobacco smoke in all the regions of 
the airway apart from the narrow larynx is thought to 
explain this increased risk.7

Chronic exposure of upper airway epithelium to 
tobacco smoke has been shown to induce prema-
lignant morphological changes.8 These changes are 
accompanied by increasing chromosomal damage, 
which leads to formation of a population of meta-
plastic epithelial cells. It has also has been found that 
pulmonary alveolar macrophages are activated by 
cigarette smoke to produce superoxides and hydrogen 
peroxide, which also cause oxidative damage to DNA 
and RNA and add to the risk of carcinogenesis.9

The risks associated with cigarette smoking are 
also modified by alcohol consumption in a multiplica-
tive manner. Alcohol ingestion increases cancer risk 
by increasing topical absorption of tobacco carcino-
gens and induction of microsomal enzymes, leading 
to increased generation of tobacco carcinogens that 
bind to DNA.10 Because of this interaction, cigarette 
smoking should be examined within the context of 
alcohol consumption.11

In view of the fact that cancer of the larynx is now 
the most common head and neck cancer in Kenya, we 
sought to assess cigarette smoking, which is known 
to be the most important risk factor for laryngeal 
squamous cell carcinoma (SCC). The paucity of local 
data indicates a knowledge gap; risk factor assess-
ment has not been analytically studied with respect 
to head and neck cancer. This paper will form a basis 
for future planning strategies aimed at reducing the 
burden of this cancer through reduction of cigarette 
smoking.

Methodology
This is a hospital based case-control study conducted 
from March 2011 to May 2011 at Kenyatta National 
Hospital (KNH). Patients of all ages presenting in the 
Ear Nose Throat Head and Neck (ENT H&N) surgery 
department and radiation-oncology department 
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of KNH with histologically proven SCC of the larynx 
were recruited sequentially for the study. A total of 
39 experimental group patients were recruited from 
the ENT H&N department whereas 11 were recruited 
from radiation-oncology department. Eight patients 
were excluded from the study; two had verrucous car-
cinoma whereas four had spindle cell carcinoma. Two 
other patients declined to participate.

Controls were recruited from patients in the 
orthopedics department and matched for age (within 
5 years), sex and region with the experimental 
group to control for confounding factors. A total of 
50 controls were recruited. 36 were recruited from 
the in-patient units of the orthopedic wards, whereas 
14 were recruited from the orthopedic clinic. Among 
the controls, three patients were found to have 
hoarseness of voice and one had a swelled neck. They 
were therefore referred to the ENT H&N clinic for 
further evaluation. 62% of controls were diagnosed 
with traumatic orthopedic conditions (fractures and 
or dislocations), 25% had non-traumatic conditions 
(mainly low back pain and disc disorders), while the 
remaining 13% had osteoarthritis and acute infections 
(for instance, septic arthritis and cellulitis). Informed 
consent was obtained from the participants and a 
study number was assigned. Demographic data were 
then entered into a questionnaire.

A medical history with a primary focus on laryn-
geal malignancy was obtained to include onset of 
symptoms, severity, duration and involvement of 
other regions among the controls. An indirect laryn-
goscopy was then performed on all patients in the 
control group. Those found to have any laryngeal 
lesion suspected to be malignant were excluded from 
the study and referred for further evaluation.

History of smoking was then obtained to include 
whether participants were current smokers, how long 
they stopped smoking if they were former smokers, 
age of onset of cigarette smoking, duration, type 
(filtered or non-filtered cigarettes), and number of 
sticks in pack years (number of years one has smoked 
20 cigarettes each day).

History of alcohol intake was obtained to include 
whether they drank alcohol or not, age of onset of 
alcohol intake, duration, number of days they drank 
per week, type of alcohol taken and number of alco-
holic drinks taken per week. The respondents were 
then classified as no drinkers, light drinkers, moderate 

drinkers, heavy drinkers and very heavy drinkers 
as per the National Institute on Alcohol Abuse and 
 Alcoholism (NIAAA)12 guidelines. Ethical approval 
was obtained from Kenyatta National Hospital/
University of Nairobi- Ethics Research Committee, 
approval number P8/01/2011. Written informed con-
sent was obtained from all study participants.

Data management and analysis
All the information was recorded in a data collection 
form and thereafter entered into computer software 
and analyzed using SPSS 17.0 statistical software.

Results
Age distribution and sex ratio
Among the experimental group and control group, 
the male to female ratio was 24:1. Age range was 
42 to 84 years with a mean of 61 (61 ± 11.7 years) 
for  experimental group patients and 63 years 
(63.7 ± 10.58 years) for controls (P = 0.297) with a 
peak age at 55 to 69 years (59.6%).

Smoking history
33 (66%) of the experimental group patients had a 
positive history of current cigarette smoking compared 
to controls (6%). Being a current smoker increased 
laryngeal cancer risk with an odds ratio (OR) of 30.4 
(P # 0.0001; 95% CI: 8.2–112.2).

The duration since stopping smoking among 
controls was found to be significantly longer (mean 
24.57 ± 12.3 years) than the duration among experi-
mental group patients (mean 12.13 ± 16.1 years); 
P # 0.029. Those who had stopped smoking 
for ,10 years had a reduced risk for laryngeal SCC 
with an OR of 19.5 (95% CI: 2.0–190.9) compared 
to controls. This is a significant reduction when com-
pared to current smokers.

The experimental group patients started ciga-
rette smoking at an earlier age (mean 20.18 ± 8.6 
years) compared to controls (mean 25 ± 5.7 years); 
P # 0.004. Those who began smoking before the age 
of 20 years had the highest risks for laryngeal SCC 
with an OR of 31, whereas later onset of smoking 
was associated with less risk compared to controls 
(Table 1).

There was a significant difference in the mean 
total number of pack years among the experimental 
group patients (31.4 ± 23 pack years) compared to 
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the controls (5.4 ± 6.5 pack years) with an OR of 
21.3; P # 0.0001 (95% CI: 2.6–176.1) compared to 
controls. This shows a strong association between 
cumulative cigarette smoking and laryngeal SCC.

Mean duration of smoking was longer among 
experimental group patients (38 ± 15 years) compared 
to controls (14.8 ± 9.4 years); P # 0.0001, with an OR 
of 12.7 (95% CI: 3.4–47.5). It should be noted that 92% 
of controls who are former smokers ceased smoking at 
various times before being recruited for the study.

Among the experimental group patients who 
smoked, 69.8% smoked filtered cigarettes whereas 
30.20% smoked non-filtered cigarettes (P # 0.2). 
This did not have a statistically significant effect on 
laryngeal SCC.

Alcohol consumption
Among the experimental group patients recruited, 
38 (76%) gave a positive history of alcohol intake 
compared to the controls, among whom 29 out of 
50 drank alcohol corresponding to 58%; P , 0.05, 
with an OR of 2.3 (95% CI: 1.0–5.4), showing ele-
vated alcohol related risks for laryngeal SCC. When 
stratified into the various categories of alcohol drink-
ing as outlined by NIAAA,12 only those who were 
very heavy drinkers had increased risk; P # 0.002, 
with an OR of 6.0 (95% CI: 11.957–18.398).

Cigarette smoking as the only exposure
Among patients who smoked and did not drink alcohol, 
4 (20%) had glottic cancer (P = 0.001) with an OR 
of 19.75 (2.069–188.552), which was statistically 
significant. Other laryngeal subsites did not have 
any patients who smoked and did not drink alcohol. 
It should be highlighted that these respondents who 
smoked only, were few.

Cigarette smoking and alcohol  
intake as joint exposures
Compared to controls, combined consumption of cig-
arette smoke and alcohol had a significant effect on 
the risk of supraglottic, glottic and transglottic SCC. 
The highest significant risk was observed for supra-
glottic SCC with an OR of 10.5 (P # 0.0001; 95% 
CI: 2.6–41.7) followed by transglottic SCC with an 
OR of 4.8 (P # 0.002, 95% CI: 1.7–13.5) and last 
glottic SCC with an OR of 2.8 (P # 0.004, 95% CI: 
1.025–7.7).

Having smoked in one’s lifetime has a significant 
positive relationship with developing laryngeal SCC. 
The highest risk was noted for supraglottis SCC with 
an OR of 6.7778 (P # 0.003, 95% CI: 1.7–27.021) 
followed by glottis with an OR of 6.151 (P , 0.0001, 
95% CI: 2.1–18.023) and lastly transglottic SCC with 
an OR of 3.5 (P , 0.012, 95% CI: 1.269–9.652). 
A good number of the experimental group patients 
reported to have stopped smoking after diagnosis 
and hence had higher risks than those listed earlier 
for joint exposure of cigarette smoking and alcohol 
intake in some subsites, so these findings should be 
interpreted as such.

Multivariate analysis
When a multivariate logistic regression was run, 
only two variables were independently associ-
ated with increased risk for laryngeal SCC. These 
were being a current smoker with an OR of 14.576 
(P # 0.002, 95% CI: 2.624–80.979) and duration 
of smoking with an OR of 7.312 (P # 0.01, 95% 
CI: 1.619–33.024). Being a current smoker and hav-
ing smoked for a prolongued duration are the most 
important independent factors contributing to devel-
opment of laryngeal SCC.

Table 1. risks associated with earlier age of smoking debut.

Age of debut cigarette  
smoking

B P value OR 95% cI
Lower Upper

Never smoked 0.000
#20 years 3.457 ,0.001 31.733 8.754 115.040
21–40 years 2.045 0.001 7.727 2.409 24.787
$40 years 22.937 1.000 9.154E+09 0.000 –

notes: B = beta value; P value = probability value; Or = odds ratio; 95% CI = 95% confidence interval.
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Lastly, based on the prevalence of smoking 
among experimental group patients and controls, the 
 population-attributable risk associated with cigarette 
smoking was found to be 62%. This is the proportion 
by which laryngeal SCC would be reduced if  cigarette 
smoking were to be eliminated.

Discussion
SCC of the larynx is the most common head and neck 
cancer among men in Kenya and the third most com-
mon among women in Kenya as seen at ENT H&N 
and radiation-oncology departments of Kenyatta 
National Hospital.2 It is, however, known that laryn-
geal SCC is a predominantly male disease, possibly 
because of the fact that men tend consume more alco-
hol and smoke more tobacco than females, as is found 
in other parts of the world.1

The male-to-female ratio in this series was 24:1, 
confirming the strong association of risk with the 
male sex, and is similar to findings by Oburra and 
colleagues13 in an earlier publication in this region. 
This is comparable to what has been found around the 
world. Indeed, some studies in a systematic review 
carried out by Farhad and colleagues14 showed 
100% male prevalence while the rest showed male 
 predominance. Male to female ratios ranged from 
9:1 to 25:1, especially those studies done in North 
America, some parts of Southern Europe and Asia.14 
The reason for this distribution was cited to be a 
higher level of abuse of cigarettes and alcohol among 
males compared to females, similar to conclusions 
from the KDHS survey in 2009.15 This hypothesis is 
further supported by a case control study carried out 
by  Sylvano and colleagues16 among female patients 
diagnosed with laryngeal SCC (n = 68), which showed 
cigarette smoking as the most important risk factor 
of laryngeal SCC followed by alcohol consumption. 
He also found that reproductive and hormonal factors 
were not consistently associated with increased risk 
for laryngeal tumors. The high male-to-female ratio 
found in the current study is therefore consistent with 
what has been found in the rest of the world.

Out of the 50 experimental group patients in this 
study, 33 of them (66%) were current smokers com-
pared to controls where only 3 (6%) smoked. Patients 
who are current smokers had a significant risk for laryn-
geal SCC in general compared to controls (OR = 30.4) 

regardless of whether they drank alcohol. This result 
is comparable to those found by Francheschi and 
colleagues17 in Northern Italy, where ORs ranged 
from 2 to 15.6 for the shortest and greatest durations 
respectively. A meta-analysis carried out by Hashibe 
in central Europe18,19 showed similar findings with an 
OR of 12.83 for cigarette smokers only and an OR of 
36.7 for those who also consumed alcohol. This may 
be explained by the fact that the KDHS15  survey’s 
maximum age range was 45–49 years, whereas the 
average age of controls in this study is 61 years. 
 Furthermore, the controls were hospital-based and 
therefore their characteristics may not compare well 
with a population-based group, as this group has 
been educated about the harmful effects of cigarette 
 smoking and alcohol intake during clinic attendance. 
Most patients in this study smoked filtered cigarettes, 
which is consistent with findings across the globe, 
although we did not obtain the mode of curing the 
tobacco. The effect of filtering on SCC risk was, how-
ever, not statistically significant.

Various studies conducted previously17,19–24 have 
demonstrated a reduced risk for laryngeal SCC after 
smoking cessation, although the degree of reduced 
risk differs greatly depending on the age and time 
since cessation. Bosetti and colleagues23,24 showed 
that those who quit cigarette smoking before the age 
of 35 years or who stopped smoking for more than 
20 years did not have a significantly higher risk than 
individuals who had never smoked. Results in this 
study show that there is a progressive drop in risk 
after smoking cessation, which is apparent even 
under 10 years of quitting (OR = 19.5) and is similar 
to findings in previous studies.

Maier and colleagues25 in the Heidelberg case con-
trol study found that those who started smoking at 
a younger age and smoked for longer had a higher 
risk association with development of laryngeal SCC 
(OR = 9.7). This positive risk association is in keep-
ing with our findings where the OR was 31.7 for those 
who began smoking before the age of 20 years. Those 
who began smoking between the ages of 21–40 years 
had an OR of 7.7 (95% CI: 2.409–24.787). This risk 
is higher than that published by Francheschi and 
colleagues,17 who also found increased risk in other 
subsites in the head and neck where cigarette smok-
ing was a risk factor. Wiencke and colleagues26 have 
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published molecular epidemiologic evidence show-
ing that early age of onset of smoking produces 
biologic changes that enhance susceptibility to the 
effects of cigarette smoke carcinogens in the airway. 
They showed that among SCC experimental group 
patients, there was a strong association of increased 
3p21 loss of heterozygosity (LOH) with increasing 
polynuclear aromatic hydrocarbon-DNA adducts 
levels (P = 0.03), as well as an increased prevalence 
loss of heterozygosity with earlier age of smoking 
initiation (P = 0.02). This study similarly shows that 
early age of onset is a significant risk factor for devel-
opment of SCC larynx. This is in keeping with studies 
conducted previously.10,27–29 On the other hand, there 
was a lower positive risk among those who started 
smoking after the age of 40, although this was not of 
statistical significance due to the few respondents at 
this age bracket.

There was an increased risk for laryngeal SCC 
with cumulative smoking measured in pack years. 
 Dosemeci and colleagues30 found an OR of 6.0 
(n = 197) for those who had .21 pack years whereas 
Hashibe18 found a lower OR of 12.8 for the highest 
rank of mean pack years. These studies did not provide 
ORs for pack years of more than 30, but rather grouped 
them as .20 years. This may explain the relatively 
higher estimates in the current study (OR = 21.3) con-
sidering the well-known dose-response risk for laryn-
geal SCC as shown in many studies. Over-reporting 
among experimental group patients may be a factor.

Various studies17,19–31 have shown that duration 
of smoking was one of the most important risk fac-
tors for laryngeal SCC. The highest stratification of 
duration of smoking of 40 years showed greater risk 
for laryngeal SCC of 15.6 as seen in Francheschi’s 
study18 whereas lower durations (,20 years) showed 
lower ORs of 2.13 as seen in Lee’s study.31 The pres-
ent study showed similar findings, especially for 
those who smoked for .20 years (OR = 12.7). The 
majority (92%) of controls who smoked in the pres-
ent study had quit smoking cigarettes at various time 
intervals during the study, and this may have contrib-
uted to these increased risk ratios.

Alcohol consumption has been positively associ-
ated with laryngeal SCC mostly as a co-factor rather 
than as an independent factor. In this study there is an 
overall increased risk for laryngeal SCC with an OR of 
2.3 (P # 0.005, 95% CI: 1.0–5.4). The mean average 

drinks per week in this study were 58, which corre-
lates quite well with the Italian study.17 Other stud-
ies performed in Europe showed similar ORs.17–20,29,30 
On the other hand, societal biases and stigma differ 
between countries and may alter how the study par-
ticipants respond. In the current study, those who 
were very heavy drinkers were found to have a higher 
risk for laryngeal SCC compared to controls, with an 
OR of 6.0 (P # 0.002, 95% CI: 1.957–18.398).

Subsite distribution of laryngeal cancer has been 
shown to be risk factor dependent.22,30,32 Various stud-
ies have shown an increased risk for glottic cancer 
among those patients who smoked only, whereas those 
who smoked and drank alcohol developed supraglot-
tic cancer more than glottic cancer.22,30–32 Other studies 
have, however, disputed these findings. For instance, 
Hashibe and colleagues19 found similar risks between 
supraglottic and glottic cancer. The present study is in 
agreement with these earlier studies, showing a strong 
risk for glottic cancer among patients who smoked 
cigarettes but did not drink compared to controls.

Furthermore, the results in the present study sug-
gest that being a former smoker confers a positive 
risk for laryngeal SCC across all laryngeal subsites, 
the highest being for supraglottic cancer (OR = 6.7), 
which is comparable to glottic SCC (OR = 6.1) when 
compared to controls. Lewis and colleagues33 and 
other authors5–7 demonstrated that the glottis is ana-
tomically the narrowest part of the upper airway, and 
is therefore more susceptible to deposition of inhaled 
carcinogens found in cigarette smoke. This anatomic 
region also exhibits the transition zone from squamous 
epithelium to pseudo-stratified columnar epithelium. 
It is also at a greater risk of metaplasia that may prog-
ress to dysplasia and eventually to invasive carcinoma 
with exposure to inhaled and ingested carcinogen, as 
shown by Renne and colleagues.34

Various authors have studied the combined effect 
of cigarette smoking and alcohol intake and many 
have shown that there is either an additive or multi-
plicative effect when compared to controls, and when 
tested on multiplicative or additive models.20,30,32 
This study shows a significant risk (OR = 10.476) for 
supraglottic cancer among those who inhale tobacco 
and consume alcohol. The supraglottis is unique from 
the other subsites of the larynx since it is consistently 
exposed to both inhaled and ingested agents. As is 
known from published studies, alcohol is a topical 
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mucosal solvent for cigarette smoke carcinogens, 
and therefore enhances their absorption.10,20 There 
was an overall increased risk for all subsites when 
the two were consumed concurrently. In this study, it 
is apparent that the duration of smoking and whether 
one is a current smoker show more consistent asso-
ciations with laryngeal SCC development than other 
measures of cigarette smoking. Those who stopped 
smoking cigarettes had a significantly reduced risk 
for laryngeal SCC, although former smokers still 
had a higher risk compared to controls. There was an 
increased risk among those who smoked and drank 
alcohol across all laryngeal subsites. The population-
attributable risk attributed to cigarette smoking was 
found to be 62%, reaffirming the fact that cigarette 
smoking is a major risk factor for this cancer and may 
be reduced via a reduction of tobacco inhalation in 
the population.

Lastly, this was a hospital based study and therefore 
it may not reflect the true picture of the general popu-
lation, considering Berksonian selection bias where 
hospital based respondents tend to participate more 
readily in research projects compared to controls.
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