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Abstract 
This study aimed to evaluate and compare the caries experience among cigarette smokers, e-cigarette smokers, and non-
smokers. This observational study involved 135 participants; with 45 participants in each groups respectively. Dental caries 
was recorded and evaluated using the DMFT score. The results were compared using analysis of variance (MANOVA) for 
analysis between the groups and the Wilxocon Rank test for analysis within the groups. The outcomes of the analysis were 
insignificant between the groups (p = 0.370) at baseline and (p =0.480) at the 6-month follow up. The result was significant 
within the group; cigarette users (p = 0.005), e-cigarette users (p = 0.000), and control group (p = 0.025). In conclusion, 
cigarette and e-cigarettes usage has potential detrimental effect on caries development. However, more longitudinal studies 
required to provide more evidences. 

Keywords: Dental Caries, DMFT, E-cigarette, Oral Health, Vaping 

INTRODUCTION 
Oral diseases represent an increasingly important public 
health problem in the social awareness [1] . In Malaysia, 
the prevalence of tooth decay amongst adults is 90%, with 
two out of ten teeth being affected on average [2–4]. There 
has been a recent increase in the popularity of alternative 
types of cigarettes, namely electronic nicotine delivery 
system (ENDS) or electronic cigarettes (e-cigarettes) [5]. 
E-cigarettes are devices that vaporize liquid solutions to
produce mist containing various concentrations of nicotine
[6].
Although the current government policy on nicotine
control is being established to include e-cigarettes, this
industry is almost completely unregulated in Malaysia at
the time of writing this article. There are no standard
governance for controlling the concentration of liquids
used in e-cigarettes as well as the aerosols produced [7]. In
light of the fact that e-cigarettes are neither cigarettes nor
smokeless tobacco, they managed to evade the advertising
bans of tobacco products.
To date, there is little documented evidence on the effects
of e-cigarette towards oral health. A short observational
study conducted in 2011 reported mouth irritation, sore
throat, dry mouth, and oral ulcers after 4 weeks of use [8].
Although clinical studies on the said topic are scarce, the
products may increase the risk of periodontal damage due
to presence of high levels of nicotine [9]. In fact, the
effects of e-cigarette usage on oral health have been
reported in Malaysia [10]. However, the findings of other
studies on the effects of e-cigarette on oral health were
few and inconsistent.
In view of the conflicting evidence on the oral health of
cigarette and e-cigarette users, the aim of this study was to
compare the occurrence of caries between the control
group (non-cigarette and non-e-cigarette users), cigarette
users, and e-cigarette users.

MATERIALS AND METHODS 

Sample size 
This study was approved by the IIUM Research Ethical 
Committee (Approval No: IREC 556). With reference to 
[11], the sample size calculation was done using the 
Openepi software (version 3.01). Data from previous 
studies indicated that the occurrence of the outcome was 
31% among the exposed groups. With consideration of 
Type 1 Type 2 errors, a sample size of minimum of 34 was 
required for each arm. After allocating for a 20% dropout 
rate, the aforementioned number became 123, or 41 
participants for each arm. 
The participants were divided into three groups: control, 
cigarette users, and e-cigarette users. The dental 
examination was conducted at Dental Specialist Clinic, 
Kulliyyah of Dentistry. Each participant was given a 
participant information sheet prior to signing a consent 
form. 
Dental examination 
Clinical oral examination was performed by a trained 
examiner, with the respondent on a dental chair. The 
equipment used for the exercise included dental mirrors, 
dental explorers, periodontal probes, and an overhead light 
from the dental chair. All data were recorded in clinical 
forms (one form for each participant). For intra-examiner 
reliability, a reliability test was conducted prior to starting 
the research project. A Cohen Kappa value of at least 0.6 
indicated good reliability. The result showed a Cohen 
Kappa value of 0.89. 
Dental caries 
Caries statuses of the participants were assessed using the 
DMFT/dmft index according to WHO [12]. All the teeth 
were examined visually for caries. The DT/dt, MT/mt and 
FT/ft are referred to the number of decayed, missing and 
filled permanent/primary teeth, respectively. 
Statistical analysis 
All data were analyzed using the Statistical Package for 
Social Sciences (SPSS) software (version 23.0) (SPSS Inc, 
Chicago, Ill., USA). Means and standard deviations were 
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calculated for the continuous data. To compare the oral 
health status between groups at baseline and 6-month 
follow-up, the MANOVA test was used as there were 
more than two dependent variables. In addition, the 
Wilcoxon signed-rank test was used to compare the oral 
health status within the smoking group at baseline and 6-
month follow-up. 
 

RESULTS AND DISCUSSION 
A total of 135 participants were included. The mean age 
for the control group was 29.78 years, while that of the 
cigarette and e-cigarette groups was 30.28 and 22.92 years 
respectively. Most of the participants in the control group 
were females (72.5%); males were predominant in the 

cigarette and e-cigarette groups (97.5% each). The 
majority of the participants were Malays (99.1%); there 
was only one Indian. As for level of education, the 
majority of participants in the control group had tertiary 
education (95%). In contrast, the e-cigarette users had the 
least number of participants with tertiary education (25%). 
Regarding monthly income, 87.5% of the e-cigarette users 
earned less than RM 2,000, whereas 37.5% of respondents 
in the control group and 20% of cigarette users were in 
this bracket. These demographic data are presented in 
Table 1.  
 

 
Table 1. Summary of demographic characteristics of control group, cigarette and e-cigarette users (n=135) 

Characteristics 
Control Group                                                   

n (%) 
n=45 

Cigarette Users 
n (%) 
n=45 

E-cigarette Users 
n (%) 
n=45 

Age 
Mean Age (M ± SD) 

18-29                                         
30-49 
50-59 

 
29.78 ± 9.74 

21 (46.7) 
39 (51.1) 
1 (2.2) 

 
30.28 ± 8.31 

25 (57.8) 
16 (35.5) 

4 (6.7) 

 
22.92± 2.91 

42 (93.3) 
3 (6.7) 
0 (0.0) 

Gender 
Male                                              
Female 

 
16 (35.6) 
29 (64.4) 

 
44 (97.8) 

1 (0.7) 

 
43 (95.6) 

2 (4.4) 
Race 

Malay 
Indian 

 
43 (95.6) 
2 (4.4) 

 
45 (100.0) 

0 (0.0) 

 
45 (100.0) 

0 (0.0) 
Education 
Primary 

Secondary                                
Tertiary 

 
0 (0.0) 
3 (6.7) 

42 (93.3) 

 
0 (0.0) 

18 (40.0) 
27 (60.0) 

 
0 (0.0) 

27 (60.0) 
18 (40.0) 

Income 
Below RM4999                              

RM5000 and above 

 
43 (95.6) 
2 (4.4) 

 
41 (91.1) 

4 (8.9) 

 
36 (80.0) 
9 (20.0) 

Marital Status 
Single                                             
Married 

 
17 (37.8) 
28 (62.2) 

 
27 (60.0) 
18 (40.0) 

 
37 (82.8) 
8 (17.8) 

Occupation 
Employed 

Unemployed 

 
32 (71.1) 
13 (28.9) 

 
42 (93.3) 

3 (2.2) 

 
29 (64.4) 
16 (35.6) 

Period of smoking/vaping 
1-10 years                                           
11-25 years 

 
- 
- 

 
29 (34.4) 
16 (35.6) 

 
45 (100.0) 

0 (0.0) 
 

Table 2. Adjusted mean and 95% confidence interval of the effect of smoking status on the periodontal health and caries index 
at baseline and 6-month follow up between the groups 

Variables Adjusted mean                                                   
(95% CI) 

F statistics (df) p value 

Baseline 
DMFT Index 

Cigarette group 
E-cigarette group                                       

Control group 

 
 

4.09 (3.14, 5.04) 
3.13 (2.18, 4.09) 
3.51 (2.56, 4.463) 

 
 

10.42 (2) 
 

 
 

0.370a 

6 month follow up 
DMFT Index 

Cigarette group 
E-cigarette group                                       

Control group 

 
 

4.68 (3.00, 5.71) 
3.54 (2.17, 4.91) 
4.36 (3.00, 5.71) 

 
 

13.82 (2) 
 
 

 
 

0.480b 
 

One-Way MANOVA F (5, 128) = 91.198, p<0.001 
a Univariate MANOVA, post hoc for DMFT Index, there was no significant difference of mean between all groups. 
b Univariate MANOVA, post hoc for DMFT Index, there was no significant difference of mean between all groups. 
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Table 3. Comparison of median scores for oral health status within smoking status at baseline and 6 follow-up 

Variables 
Median (IQR) 

Z statistics p value 
Baseline 6 month 

DMFT Index 
Cigarette group 

E-cigarette group                                     
Control group 

 
3.00 (1.50, 6.50) 
3.00 (2.00, 4.00) 
2.00 (1.00, 5.00) 

 
3.00 (2.00, 6.50) 
4.00 (3.00, 5.50) 
3.00 (1.00, 7.00) 

 

 
-2.812 
-3.828 
-2.242 

 
0.005 
0.000 
0.025 

Wilcoxon Sign Ranks Test 
 
 
The present study evaluated the oral health of the control, 
cigarette, and e-cigarette groups. The ages of our 
participants varied considerably (20 – 64 years), whereby 
the means were 29.78, 30.28, and 22.92 years for the 
control, cigarette, and e-cigarette groups respectively. 
These findings further supported the idea that e-cigarette 
users were relatively younger; their average age is 19 
years [13] as compared to 34 years for the cigarette users 
[14].  
Globally, non-communicable diseases are universally 
contingent [15]. One of the most overlooked types of non-
communicable diseases is dental or oral disease. Dental 
diseases has become a growing concern in many low and 
middle income countries [16]. In 2010, the National Oral 
Health Survey of Adults (NOHSA) stated that the national 
average for decayed, missing, and filled teeth (DMFT) 
was 11.8 with a quite high percentage of dental caries 
(89.5%). 
With regard to the occurrence of caries, the absence of 
significant differences between the control, cigarette, and 
e-cigarette groups in this research was unexpected. The 
MANOVA was conducted to evaluate the caries 
experience between the groups. For the DMFT Index, 
there was no significant difference of mean between all 
groups at baseline and 6 month follow up. However, there 
was a significant difference in the median score for within 
the group between baseline and 6 month follow up for the 
DMFT Index for cigarette users (p = 0.005), e-cigarette 
users (p = 0.000) and control group (p = 0.025). 
The reason behind this is not very clear, especially since 
smoking has been linked with increased incidences of 
dental caries [17]. However, the findings of the current 
study did not support those of previous research. On the 
other hand, it has also been suggested that the increase in 
caries development is independently related to the level of 
tobacco consumption [18]. There is a consensus among 
prominent researchers over the link between the two 
aspects. In addition, there are significant increases in the 
numbers of decayed, missing, and filled teeth in people 
who smoke more than 15 cigarettes daily [19]. In short, 
recent and prominent studies have established the 
correlation between smoking status and caries occurrence.  
A number of researchers have reported a higher caries 
experience happening (DMFT) and is suspected to be 
linked with cigarette smoking [20]. Cigarette smoking is 
known for its negative effects towards oral health. 
Smoking is a precedent to gum diseases which are 
clinically presented as gingival swelling and inflammation, 
loss of gingival attachment, gingival recession, and deeper 

periodontal pockets [21]. This showed that smokers have 
poorer oral health compared to non-smokers in terms of 
caries experience. On the other hand, no previous studies 
reported on caries experience with the usage of e-cigarette. 
This study would provide a baseline data and a benchmark 
for further research.  
To date, there are still very few studies on the oral health 
of cigarette and e-cigarette users. The results of our study 
can be a reference for comparing the detrimental effects of 
cigarette and e-cigarette smoking on oral health with 
respect to non-smokers. Moreover, it explained the 
harmful effects of tobacco and nicotine on periodontal 
health as well. 

 
CONCLUSION 

In conclusion, this study has shown that e-cigarettes had 
potentially detrimental effects on a person’s caries 
experience. Evidently, there is an increase in the number 
of e-cigarette users around the globe because of the 
general belief that e-cigarettes are less harmful as 
compared to conventional cigarettes. As such, action must 
be taken to rectify this trend. More research needs to be 
done using a prospective method to provide more 
evidences of the effects of e-cigarettes on oral health. 
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