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Abstract
Background: To improve eradication strategies of health-compromising behaviors between oral cancer survivors, 
this study aimed to explore the extent of clustering of risk behaviors and to assess possible factors associated. 
Material and Methods: A cross-sectional study was carried out among oral cancer patients at least 6 months after 
treatment. They completed a questionnaire about smoking, alcohol consumption, oral hygiene habits and dental 
visits. Presence of clusters was evaluated through pairwise Pearson correlations and principal component analy-
sis. Factors associated with each identified cluster were analyzed with multivariate models. 
Results: Among 142 patients, 14.8% smoked, 51.7% consumed alcohol, 52.1% performed oral hygiene less than 
twice a day, and 74.6% visited to dentist when there was a problem or never. There were two distinct clusters: 
smoking-alcohol consumption (general risk behaviors cluster) and oral hygiene-dental attendance (oral risk be-
haviors cluster). Multivariate analysis showed significant associations between males and both clustering patterns 
of health compromising behaviors, patients with clinical stage I or with longer follow-up and the presence of gen-
eral risk behaviors cluster and worse social class and the presence of oral risk behaviors cluster. 
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Introduction
Cancers of head and neck area comprise malignancies 
of oral cavity, pharynx and larynx. Oral cancer is the 
most common between them with reports of 300373 
new cases worldwide in 2012 (1). New advances in the 
modalities and applications of treatments have resulted 
in a better control of this cancer and in a decrease in 
short-time mortality (2). Nevertheless, the high propen-
sity for multiple primary carcinomas and relapses in the 
oral cavity (3) remains being a challenge for profession-
als.
Lifestyle behaviors like smoking and alcohol consump-
tion have been strongly related to oral cancer (4,5) and 
to higher incidence of second primary malignancies (6). 
More controversially, oral hygiene habits and dental vis-
its are also associated variables with oral cancer appear-
ance and survival (7,8). It has been demonstrated that a 
large proportion of oral cancers could be preventable 
by the eradication of these modifiable risk behaviors 
(9). With the demonstrated existence of a link between 
health-compromising behaviors and recurrence of oral 
cancer, it seems reasonable that surviving patients give 
up these risk habits. However, many patients diagnosed 
of oral cancer continue with these health-compromising 
behaviors (8,10).
It has been suggested that risk behaviors do not usually 
occur in isolation but instead concur as clusters or bun-
dles (11). Therefore, changing two or more behaviors at 
the same time could have higher benefits than the focus-
ing on only one (12). To carry out these behavior chang-
es effectively, it is important to know which behaviors 
concur and which factors they share. These issues are 
not yet clear. Most of studies are focused on general 
health risk behaviours (13) so little is known about oral 
health related behaviours (11). Moreover, these studies 
focus mostly on the general population when clusters 
can differ between samples (13). 
The aim of this study were to determine the extent of 
clustering of risk behaviors in oral cancer patients at 
least 6 months post-treatment and to explore possible 
factors associated with them. 

Material and Methods
-Patients
This study was carried out in the Department of Max-
illofacial Surgery of Virgen de las Nieves University 

Conclusions: A high proportion of patients treated for oral cancer presented health-compromising behaviors occur-
ring in clusters which reinforce the need for health promotion strategies to target multiple behaviors. Factors ana-
lyzed suggest that chances of having detrimental behavioral clustering are higher in male, patients with clinical stage 
I, with lower social class and those with longer follow-up after treatment. 
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Hospital in Granada (Spain). Study participants were 
oral/oropharyngeal cancer patients who had been treat-
ed at least 6 months earlier to avoid that the acute phase 
of recovery and adaptation to the new situation could 
alter our results and with no recurrence of the disease. 
These criteria were fulfilled by 145 patients, of whom 
142 (97.9%) gave their written informed consent and 
were included in the study, which was approved by the 
Ethics Committee of the University of Granada.
-Measurements
Patients were asked after a follow-up visit by their doc-
tor. The interview was conducted by a single research-
er. Four health-related behaviors related to oral cancer 
were assessed: tobacco smoking, alcohol consumption, 
oral hygiene, and frequency of visits to the dentist. Pa-
tients were classified as current smokers or non-smok-
ers according to their response to the question: “Do you 
smoke cigarettes, pipe or cigars at all nowadays?”. Pa-
tients were classified as non-alcohol drinkers (never or 
hardly ever) or current alcohol drinkers (occasionally or 
more often) according to their response (never/hardly 
ever, occasionally, weekly, or daily) to the question: 
“How often do you drink alcohol nowadays?”. Oral hy-
giene of patients were categorized according to their re-
sponse (twice or more a day, once a day, less than once 
a day) to the question “How often do you clean your 
teeth, dentures or gums nowadays?”. Patients were also 
divided between those cleaning twice or more a day and 
those cleaning less frequently. The frequency of visits 
to the dentist was recorded by asking patients whether 
they visited “regularly or occasionally” or “only when 
there is a problem or never”. 
Information was also gathered on the sex, age, and 
social class of participants. Tumor site, clinical stage, 
length of follow-up, presence of comorbidities and type 
of treatment was collected from their medical records. 
An oral exploration was carried out to analyse the fol-
lowing variables: posterior tooth units (pairs of oc-
cluding natural, restored or fixed prosthetic postcanine 
teeth: molars=2 units; bicuspids=1 unit), clinical attach-
ment loss (sum of probing death and distance between 
the cemento-enamel junction and the gingival margin) 
and unstimulated salivary flow. 
-Statistical analysis
SPSS version 17.0 (IBM Inc., Chicago, IL) was used 
for the statistical analysis. A descriptive analysis was 
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performed of the socio-demographic and clinical vari-
ables. Pairwise Pearson correlations and principal com-
ponent analysis with Varimax rotation were performed 
to identify co-occurrence of behaviors.13 Logistic re-
gression models were run on the association of identi-
fied clusters (dependent variable) with age, sex, social 
class, clinical stage, follow-up, tumor site and type of 
treatment. These independent variables were recoded to 
create more balanced groups when were analyzed. All 
variables were simultaneously entered into the model 
to adjust for possible associations. Strong correlations 
were found between clinical stage and type of treatment 
to be introduced both in the models. Clinical stage was 
selected for inclusion based on the literature (14). The 
level of significance established was p < 0.05.

Results
Table 1 describes the socio-economic and clinical char-
acteristics of the participants. The mean age was 65.2 
(standard deviation: 12.9) years and 64.1% were male. 
More than half of the patients were from the lowest so-
cial class (V). Most frequent oral cancer localization 
was the tongue, and clinical stages I and IV were the 
most prevalent. The mean follow-up from treatment 
was 4.9 (4.3) years and the most common treatment was 
surgery alone (52.1%) followed by surgery plus radio-
therapy (30.3%). 
Current smoking habit was reported by 14.8% of pa-
tients, alcohol was consumed weekly or daily by 51.7%, 
oral hygiene was performed less than twice a day by 
52.1% and the dentist was never visited or only when 
there was a problem by 74.6% of patients. Significant 
correlations were found between smoking and alcohol, 
between smoking and poor oral hygiene (less than twice 
a day) and between dental visits and poor oral hygiene; 
these correlations were moderate or weak with coeffi-
cients ranging from 0.235 to 0.446 (data no shown). 
Table 2 shows the results of factor analysis. A two-
factor solution was found, explaining about 71% of the 
variance in the data. Smoking and alcohol consumption 
were grouped into one factor (general risk behaviors 
cluster) and oral hygiene (less than twice a day) and 
dental attendance (only when there was a problem or 
never) in another factor (oral risk behaviors cluster). 
The Kaiser-Meyer-Olkin measurement was accept-
able (0.522) and Bartell’s test sphericity was significant 
(<0.001). These considerations allowed us to conduct 
factor analysis legitimately. 
Comparison of oral status variables and disease status 
between presence and absence of identified clusters is 
presented in the Table 3. Patients with presence of oral 
risk behaviors cluster had significantly lower mean of un-
stimulated saliva flow (p= 0.023) and functional poste-
rior tooth units (p< 0.001) and higher clinical attachment 
loss (p< 0.001) compared to patients without this cluster. 

Variable n                               %
All
Sex
   Male

142                             100

91                             64.1
Age (years)
   <50
   50-65
   >65
   mean±sd

18                             12.7
54                             38.0
70                             49.3

65.2±12.9
Social Classa

   I
   II
   III
   IV
   V

8                              5.6
8                              5.6
14                              9.9
35                            24.6
77                            54.2

Tumor site
   Tongue
   Buccal mucosa 
   Mouth floor
   Gingiva
   Oropharynx
   Others

50                           35.2
18                           12.7
16                           11.3
16                           11.3
16                           11.3
26                           18.3

Cancer stage
   I
   II
   III
   IV

61                           43.0
25                           17.6
17                           12.0
39                           27.5

Follow-up (years)
   6 months-1
   2-5
   >5
   mean±sd

36                           25.4
56                           39.4
50                           35.2

4.9± 4.3
Treatment
   Sb

   S+RTc

   S+RT+CHd

74                          52.1
43                          30.3
25                          17.6

Table 1. Description of socio-demographic and clinical data vari-
ables of patients treated for oral cancer (n=142).

a From the highest social class (I) to the lowest (V);b S: surgery; c 
RT:  radiotherapy; d CH: chemotherapy.

Table 4 shows the association between identified clus-
ters and patient characteristics. Men were significantly 
more likely to present risk behavior clusters (OR: 5.81; 
95% CI: 1.09-31.04 for general risk behaviors cluster 
and OR: 7.96; 95% CI: 3.22-19.71 for oral risk behav-
iors cluster). Patients with clinical stage I and patients 
with longer follow-up were significantly more likely to 
present general risk behaviors cluster (OR: 7.35 and 7.73 
respectively). Presence of oral risk behaviors cluster 
was also significantly associated with worse social class 
(OR: 3.94; 95% CI: 1.70-9.16).

Discussion
This study reveals the persistence of modifiable risk 
factors in a substantial proportion of patients who have 
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Variable Factor 1 Factor 2

Smoking 0.811 0.142
Alcohol 0.823 -0.010
Oral hygieneb 0.196 0.828
Dental attendancec -0.050 0.863

Table 2. Description of results of principal component analysis in 
patients treated for oral cancer (n=142).

a Varimax rotated principal component analysis; b Less than twice a 
day; c only when there was a problem or never.

Variable Cluster 1a Cluster 2b

Presence      Absence p value Presence      Absence p value
Oral health variables, mean±sd
   Unstimulated salivary flow (ml) 0.10±0.07    0.08±0.12 0.629c 0.06±0.07    0.10±0.15 0.023c

   Functional posterior tooth units
   Clinical attachment loss (mm)

1.4±2.9        2.5±3.6
5.5±1.5        5.7±1.9

0.244c

0.591c
0.9±2.2        3.8±4.0
6.4±1.9        5.1±1.6

<0.001c

<0.001c

Presence of some comorbiditye, n (%) 10 (66.7)      69 (54.3) 0.421d 38 (55.1)      41 (56.2) 1.000d

Table 3. Comparison of oral health variables and presence of comorbidities between patients with general risk behaviors cluster (cluster 1) and 
oral risk behaviors cluster (cluster 2).

a Cluster 1: smoking and alcohol consumption (general risk behaviors cluster); b Cluster 2: oral hygiene less than twice a day-dental attendance 
only when there was a problem or never (oral risk behaviors cluster); c Student’s t-test; d chi-square test; e Comorbidities: diabetes, hypertension, 
coronary disease, respiratory disease or neurological disease.

Variable Cluster 1a

p-value
OR (CI 95%)

Cluster 2b

p-value
OR (CI 95%)

Age (years)
   ≤ 65
   > 65

0.738
1. 00

0.81 (0.23-2.82)

0.723
1.00

1.15 (0.53-2.51)

Sex
   Women
   Men

0.040
1.00

5.81 (1.09-31.04)

<0.001
1.00

7.96 (3.22-19.71)
Social class
   I-II-III-IV
   Vc

0.403
1.00

1.73 (0.48-6.19)

0.001
1.00

3.94 (1.70-9.16)
Tumor site
   Oral   
   Oropharynx   

0.562
1.00

0.50 (0.05-5.26)

0.238
1.00

2.19 (0.60-8.08)
Clinical stage
   II-III-IV
   I  

0.004
1.00

7.35 (1.89-28.61)

0.140
1.00

1.81 (0.82-3.98)
Follow-up (years)
   0.5-1
   > 5   

0.002
1.00

7.73 (2.06-29.55)

0.743
1.00

1.14 (0.82-3.98)

Table 4. Multivariate logistic regression with risk behavior clusters as dependent 
variables in patients treated for oral cancer (n=142).

a Cluster 1: smoking and alcohol consumption (general risk behaviors cluster); b Clus-
ter 2: oral hygiene less than twice a day-dental attendance only when there was a 
problem or never (oral risk behaviors cluster); c the lowest social class.

been treated for oral cancer. Identified risk behaviors 
clusters (smoking-alcohol consumption and oral hy-
giene-dental attendance) were associated with sex, so-
cial class, clinical stage, and follow-up of patients.
There are some potential limitations in this study. Data 
on health-compromising behaviors were based on self-
reports, which may produce an underestimation of their 
prevalence. The cross-sectional design was a further 
study limitation, preventing analysis of these behaviors 
over time. Nevertheless, the results of this study have 
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allowed to draw conclusions and achieve the objectives 
previously proposed with the use of statistical analysis 
(clustering analysis) which offer high advantages to this 
approach (15).
In our study, current smoking was reported by 14.8% of 
patients. Published rates of smoking in patients treated 
for oral cancer widely range between 20.0% and 56.0% 
(16-20). These differences may be attributable to differ-
ences among studies in the post-treatment time inter-
val. Consistently with previous studies (19,21) patients 
were more likely to continue with alcohol consumption 
(weekly or daily alcohol consumption was reported by 
51.7% of patients) than smoking. This result reveals a 
possible educational deficiency in patients treated for 
oral cancer: they could have greater awareness of to-
bacco as a risk factor in comparison with alcohol. In 
fact, one of the most important information needs 
among oral cancer survivors is how to live a healthy 
lifestyle after treatment (22). Both behaviors are related 
as cluster (general risk behaviors cluster) suggesting a 
joint approach. Males were significantly more likely to 
have this cluster with high odds ratio (OR: 5.8; 95% CI: 
1.09-31.04) and patients with earlier clinical stage and 
longer follow-up time were more likely to present this 
cluster as observed in other studies analyzing these be-
haviors independently (17,19). It may be attributable to 
the lesser awareness of the severity of their disease, the 
receipt of less radical treatment, the greater expectation 
of survival, and/or less concern about the possibility of 
recurrence over time. Taking into account these results 
and the evidenced efficacy and cost-effectiveness of to-
bacco treatment into cancer care (23), preventive health 
education integrating the alcohol issue should be con-
tinued over time in oral cancer patients.
Poor oral hygiene is known to be associated with oral 
cancer onset (16). More than half of patients cleaned 
their mouth less than twice a day. This oral hygiene 
pattern can be explained because aftermath of oral 
cancer treatments can sometimes hinder oral hygiene 
practices (24). Moreover, edentulous patients (25.4 % 
of our sample) may have an inadequate appreciation of 
the need of oral hygiene for not presenting teeth in the 
mouth. Around three-quarters of the patients only vis-
ited their dentist when there was a problem (if at all), 
similar to the findings of other studies in oral cancer 
patients (25,26). The fact that oral cancer patients are 
typically followed up at their hospital center or a low 
awareness about the role of the dentist in oral cancer 
process (27) could explain the low frequency of visits 
to dentist. Both behaviors: oral hygiene (less than twice 
a day) and dental attendance (only when there was a 
problem or never) were also identified as cluster (oral 
risk behaviors cluster) and were significantly associated 
with worse oral health status. Again, males were sig-
nificantly more likely to have these risk behaviors (OR: 

7.96; 95% CI: 3.22-19.71) and, in line with findings in 
healthy elderly (28), we found a relationship observed 
between the lowest social class and oral risk behaviors 
cluster. These finding shows the desirability of a multi-
disciplinary team for a better approach of these patients 
along time with the inclusion of the dentists. Dentists 
could instruct patients the different oral hygiene tech-
niques available (29) with special attention to males and 
patient with lowest social class. 
To our best knowledge, this is the first study to analyze 
the clustering of risk behaviors in oral cancer patients. 
Knowledge about clustering of risk behaviors may help 
intervention strategies to focus on behaviors sharing 
the same underlying source. This way, if an interven-
tion succeeds in changing a particular behavior related 
behaviors may also change. According our findings, 
long-term supportive interventions are necessary after 
oral cancer treatment to inform to patients about risk 
behaviors and about techniques for their minimiza-
tion. Coordinated planning among health profession-
als involved is required to establish an oral and general 
health preventive programs at the diagnosis and during 
the follow-up. The factors evaluated (sex, social class, 
clinical stage and follow-up of patients) allow that these 
programs can be more effectively targeted. 
In conclusion, health-compromising behaviors persist 
in a substantial proportion of oral cancer patients at 6 
months post-treatment occurring in clusters: smoking-
alcohol consumption and oral hygiene-dental atten-
dance. Male gender, lower social class, patients with 
clinical stage I and those with longer follow-up were 
more likely to have clustering of risk behaviors and 
special attention should be paid to these subgroups. It 
would be interesting to continue with the follow-up of 
this patient cohort to evaluate the possible implications 
of our results in outcomes as recurrence rate or surviv-
al. More studies are needed for further research on risk 
behaviors clusters and their factors associated in oral 
cancer patients.
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