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Tooth loss constitutes a major public health challenge, 
sharing common risk factors with non-communicable 
diseases.  

To report the relationship between tooth loss and serum 
cotinine levels in a population sample of mixed ethnic 
heritage from the Belville South area in South Africa.

Cross-sectional epidemiological study.

Subjects were invited from 2014 to 2016 according to 
a consecutive sampling technique and all those who  
met the inclusion criteria were  included.

In all, 1876 individuals were included, being 1416 females 
(75.5%), with a combined average age of 49.5 ± 15.3 
years. In total 46.7% of the sample was edentulous, with 
females presenting a higher proportion than males (50.7% 
vs. 34.1%, p < 0.001). 

The relative risk (RR) of being edentulous was higher for 
females (RR=1.8, 95% CI=1.35-2.41, p<0.001) and for 
participants with cotinine levels 15-299 ng/ml (RR = 1.37, 
95% CI=1.02=1.83, p=0.04) and ≥300 ng/ml (RR=1.51, 
95% CI=1.09-2.08, p=0.01). Maxillary incisors and man- 
dibular molars were the most prevalent  missing teeth. 

The burden of tooth loss is high in the studied population 
sample, as well their unmet needs for dental care. Female 
gender, tobacco exposure, and aging were associated  
with partial and total edentulism.

Tooth loss, edentulism, edentulousness, epidemiology oral 
conditions, serum cotinine.

Optimal oral health is an essential part of systemic  
health. Worldwide, oral diseases constitute a burden for 
3.5 billion people, being the most common non-communi-
cable diseases (NCDs).1 Following dental caries and peri- 
odontal disease, tooth loss is the third most prevalent  
oral condition in the world.2 Loss of natural teeth can 
lead to physiological and psychosocial limitations, impair- 
ment, disability, and handicap, particularly in the absence 
of prosthetic replacement, having a strong impact on oral 
health-related quality of life (OHRQoL).3 

A dentition with less than twenty teeth provides limited 
oral function, affecting chewing, speech, alveolar bone, 
and facial structures.2 Besides the local effects, complete 
edentulism has also been associated with nutritional de- 
ficiencies,4 gastrointestinal changes,5 kidney disease,6 car- 
diovascular disease,7 and increased mortality rates.8
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Tooth loss in relation to serum cotinine 
levels - A cross-sectional study from the 
Belville South area in South Africa



Tooth loss remains a major public health challenge, con- 
stituting a debilitating and irreversible consequence of  
untreated caries and periodontitis  in most cases.9

Oral conditions, including tooth loss, share important be- 
havioural and social risk factors with other NCDs, such 
as unhealthy diet, consumption of tobacco products, and 
alcohol.10 Socioeconomic inequalities also affect oral dis- 
eases and tooth loss, with disadvantaged communities 
being particularly affected despite global improvements.10  

In 2010, 158 million people (2.3% of the global popula- 
tion) were edentulous. Prevalence of severe tooth loss 
reduced between 1990 and 2020 from 4.4% to 2.4%. 
Global incidence also decreased from 374 cases per 
100 000 person-years in 1990 to 205 cases per 100 000 
person-years in  2010.2

Over the last decades, there has been a decrease in  
the prevalence of edentulism in developed countries,  
however, there is limited data on tooth loss in develop- 
ing countries, where health inequality remains high.11 In  
South Africa, the last national survey from 1988/1989 
reported a prevalence of 51.6% of edentulism for adults 
of mixed ancestry aged 35-44 years, from which 3.5%  
did not have dentures.12 To our knowledge, no studies  
have evaluated tooth loss in relation to serum cotinine 
levels and few epidemiological studies have reported  
tooth loss in the country, mostly through self-reported 
data.11,13 

Cotinine constitutes the main metabolite of nicotine, a 
highly addictive chemical found in tobacco products.14 
Given its long half-life, serum cotinine levels have been 
successfully validated and used in scientific studies as 
a biomarker for tobacco exposure.15 The present study 
included a convenient sample from the Belville South, a 
disadvantaged community located in the Western Cape 
Province in South Africa, characterized by a mixed ethnic 
background. Epidemiological data on tooth loss is essen- 
tial to define treatment needs for public health policies.2 
This study aimed to present epidemiological data on the 
relationship between tooth loss and serum cotinine levels 
in relation to age and gender for the Belville South area. 

 

This study was part of the Cape Town Belville South  
Vascular and Metabolic Health (VMH) study, which eva- 
luated non-communicable diseases in the Belville South 
Community, Western Cape, South Africa, as described 
previously in detail.16 

The Ethics Committee of the Faculty of Health and Well- 
ness Sciences of the Cape Peninsula University of Tech- 
nology provided ethical permission for the study (N14/ 
01/003a) and it was conducted in agreement with the 
Declaration of Helsinki. 

Subjects were invited from 2014 to 2016 according to a 
consecutive sampling technique and all those who met  
the inclusion criteria were included after signing the in-
formed consent to participate in the study. 

The inclusion criteria were: subjects 18 years or older 
with a mixed ethnic background (defined according to 
the South African Population Registration Act No. 30 of  
1950, repealed in 1991) living in the Belville South area. 
The exclusion criteria included subjects requiring pro- 
phylactic use of antibiotics, with intellectual disabilities, 
with cancer, undergoing renal dialysis, pregnant, or those 
who were too ill or unable to give written consent. This 
study is STROBE compliant.

One trained dental examiner used a portable dental  
chair with a portable overhead LED light to record clin-
ical data. Standard infection control measures from the 
Centre for Disease Control were followed. Present and 
missing teeth were recorded for each patient and the  
use of dentures was recorded through a questionnaire. 
Third molars were not included in the study as their in- 
clusion is optional. A reliability assessment was per-
formed between the examiner and a calibrator through 
the Cohen’s kappa statistic, with a κ (kappa) score  
of 0.79 for decayed, missing, filled teeth, as reported  
previously.17

The extent of tooth loss was calculated as described 
previously:2 edentulous (no teeth present), severe tooth 
loss (1-9 teeth present), moderate tooth loss (10-19  
teeth present), and functional dentition (≥20 teeth pres-
ent). The number of posterior occluding pairs was also 
recorded (presence of the tooth pairs 14/44, 15/45, 
16/46, 17/47, 24/34, 25/35, 26/36, and 27/47). Short-
ened dental arch (SDA) was classified as the number  
of teeth present from 15-25 and 35-45.

A fasting blood sample was collected for each partici- 
pant and kept cold until being transported to an ac- 
credited laboratory. The samples were processed and 
evaluated for serum cotinine levels using a chemilumi-
nescent assay (Immulite 1000, Siemens), as described 
previously.18 Cotinine constitutes the principal metab-
olite of nicotine, and it has been used as a biomarker  
for tobacco exposure due to its long half-life.15 The  
cut-off value of 15ng/ml was used in the current study 
to differentiate smokers from non-smokers, according 
to results from previously published literature.14,19,20

Normality assumption of missing teeth variable was as- 
sessed through the Shapiro-Wilk test, which indicated 
that the data was skewed (p<0.001). For categorical 
data, chi-square tests were employed, whereas for con- 
tinuous data, Mann-Whitney and Kruskal Wallis tests 
were employed.

Variables were presented as percentage proportion or 
mean and standard deviation (SD) in relation to age 
group, gender, and serum cotinine levels in order to  
comply with the standard presentation of data from  
WHO and to allow for comparison to other studies.

MATERIALS AND METHODS

Sample

Clinical examination

Extent of tooth loss and posterior occluding pairs

Serum cotinine levels

Statistical analysis
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A multinomial logistic regression, which is the regres- 
sion analysis used when the dependent variable is  
nominal with 2 or more levels, was used to explain the 
relationship between tooth loss category (dependent  
variable: edentulous, severe and moderate tooth loss 
and functional dentition), age, gender and serum coti- 
nine category (independent variables). 

Multinomial logistic regression was favoured over an  
ordered logistic regression since the proportional odds 
assumption was not met.21 Functional dentition was used 
as the reference category. Data were analysed using the 
Statistical Package STATA 15 (Stata Corp LP, College 
Station, TX, USA, 2017). The significance level was  
defined at 5%.

The study consisted of 1888 individuals, from which 12 
presented missing data. In total, 1876 individuals were 
included in the analysis, from which 1416 were females 
(75.5%) and 460 (24.5%) were males. The average age 
of the participants was 49.5 ± 15.3 years (range 18-
91). Data was evaluated according to the following age  
group categories: >24 years (n=117, 6.2%), 25-34 years 
(n=274, 14.6%), 35-44 years (n=271, 14.5%), 45-54 
(n=407, 21.7%), 55-64 (n=491, 26.2%) and ≥65 years 
(n=316, 16.8%).

In total, 46.6% (n=875) of the sample was edentulous, 
5.5% (n=104) had severe tooth loss (1-9 teeth present), 
19.0% (n=357) had moderate tooth loss (10-19 teeth 
present) and 28.8% (n=540) had a functional dentition. 
Only 4% (n=77) of the sample had all teeth present  
and 41.7% presented a shortened dental arch (SDA). 

Edentulousness was associated with gender, with 
50.7% of females being edentulous, as compared to 
34.1% of males (p<0.001, Figure 1). It was also as- 
 

sociated with age group, with the highest proportion  
for the group aged 65 and above (84.8%, n=268) and 
for the 55-64 years group (74.1%, n=364).

With regards to edentulous participants, 12.9% (n=113) 
had no dentures, 87.0% (n=761) had upper and lower 
dentures and 0.1% (n=1) had top dentures. There was 
no association between use of dentures and gender  
(Table 1, p>0.05).

Males had higher proportion of moderate tooth loss 
(22.6% n=104) as compared to females (17.9%, n=253, 
p=0.02). Moderate tooth loss was also associated with  
age group, with highest proportion observed in the group 
35-44 years (35.1%, n=95, p<0.001).

In terms of severe tooth loss, the proportion was higher  
for males as compared to females (7.6% vs. 4.9%, 
p = 0.03). Severe tooth loss was associated with age 
group, with the group 45-54 years presenting the high- 
est proportion (9.6%, n=39, p<0.001).

There were more males with a functional dentition than  
females (35.7% vs. 26.6 p< 0.001). For the young-
est group (<24 years), 85.5% had a functional dentition  
and it decreased with aging, dropping to only 2.8% for  
the oldest group (n=9, p< 0.001). 

The average number of teeth lost per person was 9.1± 
6.6 when edentulous participants were excluded (Table 2). 
There were no statistically significant differences be-
tween males (9.2 ±6.9) and females (9.1±6.4). The aver-
age number of teeth lost increased with aging, with the  
 

RESULTS

Extent of tooth loss

Figure 1. Extent of tooth loss according to gender and age group.

Table 1. Use of dentures among edentulous participants 
according to gender presented as % proportion and count.

No dentures  
%(n)

Upper and lower 
dentures 

%(n)

Top dentures 
%(n)

Males 14.0% (22) 85.4% (134) 0.6% (1)

Females 12.7% (91) 87.3% (627) 0

Total 12.9% (113) 87.0% (761) 0.1% (1)
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youngest group (< 24 years) presenting 3.9 ± 3.6 teeth 
lost and the oldest group presenting 15.4 ± 6.4 teeth  
lost (p < 0.001. Table 2). The average number of miss- 
ing teeth was nearly double for the maxilla, as compar- 
ed to the mandible (6.1± 4.7 vs. 3.1± 3.0, respectively. 
p< 0.001).

The four maxillary incisors were the most frequently miss- 
ing teeth in this sample (55.8%-54.6% Figure 2), together 
with mandibular first molars (53.3-54.0%). Lower incisors 
and canines were the least missing teeth (5.5-8.6%). 

There was no statistically significant difference between 
males and females regarding the average number of  
missing teeth according to tooth types (Figure 3).

Average number of missing teeth increased with increas-
ing age group for all tooth types (Figure 4). In the young-
est group (<24 years), incisors had the highest average  
for missing teeth (1.7±2.0). For the oldest group (≥65 
years), molars were the most commonly missing teeth  
(5.6±2.1).

On average, dentate individuals had 3.3 ± 2.9 pairs of  
posterior occluding teeth and it decreased from 6.0±2.2 
for the youngest group to 0.7±1.3 for the oldest group 
(Table 2). On average, males had 3.4±2.9 and females 
had 3.2 ± 2.9 posterior occluding pairs. 

When edentulous participants were excluded, 30.3% 
(n=303) of the sample had no posterior occluding pairs, 
31.3% (n=313) had 1-4 pairs and 38.3% (n=384) had  
5-8 pairs (Figure 5). The number of occluding pairs was 
not associated with gender, but it was associated with  
age group (p < 0.001, Figure 6).

From the youngest (<24 years) to the oldest age group 
(≥65 years), there was a drastic decrease in the pro- 
portion of 5-8 posterior occluding pairs, from 80.3%  
to 3.6%. The number of participants without posterior 
occluding pairs increased from 4.3 % in the youngest  
group to 72.8% in the oldest group.

Patterns of tooth loss

Posterior occluding pairs
Table 2. Average number of missing teeth and posterior occlu- 
ding pairs according to gender, age group, jaw, and tooth type. 
SD=standard deviation. *p<0.001.

Missing teeth Posterior occluding pairs

Mean SD Mean SD

Total 9.1 6.6 4.2 2.40

Gender
Male (n=303) 9.2 6.9 4.1 2.60

Female (n=698) 9.1 6.4 4.2 2.40

Age 
group*

<24 (n=113) 3.9 3.6 6.2 2.00

25-34 (n=249) 6.0 4.8 5 2.50

35-44 (n=225) 8.8 5.4 3.5 2.50

45-54 (n=239) 11.2 6.7 1.9 2.30

55-64 (n=127) 13.9 6.6 0.7 1.50

≥65 (n=48) 15.4 6.4 0.3 0.90

Figure 2. Prevalence of tooth loss according to tooth number in the maxilla and in the mandible.
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Figure 3. Average number of missing teeth according to tooth group by gender.

Figure 5. Prevalence of different categories of posterior occluding pairs according to gender and age group (p<0.001).

Figure 4. Average number of missing teeth according to tooth group by age group.
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Serum cotinine levels were measured in 1814 participants 
and categorized as <15ng/ml and ≥15ng/ml. From those, 
51.0% had serum cotinine levels below 15ng/ml (n=- 
924) and 49.0% (n=890) had levels ≥15ng/ml. Serum  
cotinine ≥15ng/ml was observed in 59.7% of all men  
and 45.6% of all women. 

Regarding age group, serum cotinine levels ≥15ng/ml 
were observed in 61.3% of the youngest group, 65.8%  
of the 25-34, 57.0% of the 35-44, 52.0% of the 45-54, 
44.2% of the 55-64 and 27.5% of the oldest group.

Cotinine categories were associated with tooth loss sta- 
tus, with most edentulous participants having cotinine 
levels below 15 ng/ml (56.6%, n = 479, p < 0.001) and 
most participants with severe tooth loss presenting cotin- 
ine levels ≥15ng/ml (n=54.8%, n=284, p=0.002. Figure 6). 
There was no statistically significant association between 
posterior occluding pairs and cotinine categories.

The expected risk for being edentulous was higher for  
females. The relative risk of being edentulous, for females 
was 1.8 (95% CI [1.35 to 2.41], p<0.001, Table 3) when 
compared to males.

The expected risk of being edentulous was higher for  
participants with higher cotinine levels. The relative risk  
of being edentulous for serum cotinine levels ≥300 ng/ml 
was 1.51 (95% CI [1.09 to 2.08], p= 0.01, Table 3) and 
1.37 (95% CI [1.02 to 1.83], p=0.04) for serum cotinine 
levels 15-299 ng/ml, as compared to cotinine levels <15 
ng/ml.
 
With a one-unit increase in age, there was an increase in 
the relative risk for participants being edentulous, having 
severe or moderate tooth loss.

To our knowledge, this is the first study reporting tooth 
loss in relation to serum cotinine levels in South Africa. 
Edentulism was highly prevalent and associated with fe- 
male gender. It increased remarkably from the age of 45 
and about 13% of edentulous participants had no den- 
tures. Around 30% of the sample had a functional denti- 
tion, with a higher proportion in males. Maxillary incisors 
and mandibular molars were the most frequent missing 
teeth. One-third of all dentate participants had no pos- 
terior occluding pairs. Serum cotinine levels that sug- 
gest smoking were observed in approximately half of  
the sample and high cotinine levels were associated  
with edentulousness and severe tooth loss.

Serum cotinine

Logistic regression analysis

DISCUSSION

Figure 6. Serum cotinine categories according to tooth loss status (p<0.001 for edentulous group, p=0.002 for severe tooth loss group) and 
number of posterior occluding pairs.

Table 3. Multinomial logistic regression for tooth loss status 
with functional dentition as the reference category.  
RR: relative risk, SE: standard error, CI: confidence interval.

Tooth Loss Category RR P-value 95% CI

Edentulous

Females 1.81 <0.001 1.35 2.42

Cotinine categories

15 - 299 ng/ml 1.37 0.04 1.02 1.83

≥300 ng/ml 1.51 0.01 1.10 2.08

Age 1.12 <0.001 1.11 1.13

Constant 0.001 <0.001 0.00 0.00

Severe tooth loss

Females 0.68 0.20 0.39 1.20

Cotinine categories

15 - 299 ng/ml 1.83 0.05 0.99 3.43

≥300 ng/ml 1.11 0.79 0.50 2.47

Age 1.07 <0.001 1.05 1.09

Constant 0.003 <0.001 0.00 0.01

Moderate tooth loss

Females 0.94 0.71 0.70 1.28

Cotinine categories

15 - 299 ng/ml 1.09 0.60 0.79 1.52

≥300 ng/ml 1.24 0.26 0.86 1.78

Age 1.03 <0.001 1.02 1.04
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According to the South African national survey from 
1988/89, the overall proportion of edentulism was 12.6%, 
with a much higher proportion among adults aged 35-44 
years with a mixed ethnic background (51.6%).22 Con- 
sidering the present finding that 46.7% of the sample  
was fully edentulous, total tooth loss remains a burden  
in the country, particularly for the population with a mixed 
ethnic background. In a study from Petersen & Ogawa 
(2012), the authors reported the proportion of edentulism 
in subjects aged 65-74 in upper-middle-income countries 
to be 35%, which is remarkably lower than the nearly 
85% proportion reported for this age group in the cur- 
rent study.9

The worse situation of edentulism among females repor- 
ted in this study (50.7% of females vs. 34.1% for males) 
was comparable to the previously reported prevalence 
from the 1988/89 National Survey (57.4% of females,  
vs. 41% of males) and is in accordance with studies  
from other middle-income countries, such as Brazil23 and 
Indonesia.24 

It is likely that both biological, behavioural, and cultural 
factors influence the higher levels of tooth loss in females, 
including hormonal effects in the periodontium, higher 
caries, and extraction rate.25 In the present study, only  
4% of the sample had all their teeth present, which is  
lower than the 6.6% reported in the last epidemiological 
South African national  survey from 1988/89.26

Less than one-third of the sample had a functional den- 
tition, defined as the minimum number of natural teeth 
present required for maintenance of masticatory function 
and quality of life.27 The striking decrease in the number 
of participants with a functional dentition after the age 
of 55 in this study suggests decreased quality of life  
and the chewing ability for the majority of participants  
in these age groups. 

A study from Brazil reported the prevalence of func- 
tional dentition in participants aged 35-44 years to be  
54.6%, which is somewhat comparable to the 43.9% 
reported in the present study for this age group.28 The 
authors also reported a higher prevalence of functional 
dentition in males, similarly to the present study. 

Loss of posterior teeth can have a great impact on 
function. Having five or fewer posterior occluding pairs 
has a negative impact on oral impact on daily performance 
(OIDP) index.29 One third of the dentate sample included 
in the current study had no posterior occluding pairs and 
another one-third had 1-4 pairs, suggesting a reduced  
oral function for the majority of the sample. 

The patterns of tooth loss in this study show that 
maxillary incisors were the most frequent missing teeth 
in younger participants. In older groups, first mandibular 
molars and maxillary incisors were the most frequent 
missing teeth. Extraction of healthy maxillary incisors has 
been reported previously as a common practice among 
the population included in the study, as part of gang 
activity and social factors.25

Nearly half of the sample in this study had serum coti- 
nine levels compatible with smoking. Cotinine has been 

considered a reliable biomarker for tobacco exposure.30 

While severe tooth loss was positively associated with 
higher serum cotinine, edentulousness was negatively  
associated with cotinine levels. From the observed trend 
of decreased cotinine levels with increased age, it can  
be speculated that as oral health deteriorates through 
tooth loss, tobacco consumption decreases.

Several predisposing factors can explain the high pre- 
valence of edentulism observed. Lower-income has been 
linked to 2.5 higher odds of having tooth loss in com- 
parison to higher income and low socioeconomic status 
has been associated with worse health behaviours and  
lack of access to dental care.31 Furthermore, high expo- 
sure to tobacco is also remarkable in the studied popu- 
lation, which is not only a risk factor for oral conditions, 
such as periodontal disease, tooth loss, and oral mu- 
cosal lesions, but is also a crucial risk factor for other  
NCDs, such as diabetes, cardiovascular disease, cancer, 
and respiratory diseases.32 

The extraction of healthy maxillary incisors in commu- 
nities of mixed ethnic ancestry in the Western Cape in 
South Africa has long been recognized as a common  
dental modification that also contributes to the high pre- 
valence of missing teeth.33 In future studies, it would be 
interesting to evaluate a potential contribution of hypo- 
dontia to the burden of tooth loss in  South Africa.

Replacement of missing teeth in individuals without a 
functional dentition is important to improve masticatory 
function, nutritional status, and quality of life in general.29 
Social determinants of health also need to be addressed 
in order to improve the oral health status of disadvan-
taged communities.10 Implementation of strong tobacco 
prevention programs in middle-income countries such as 
South Africa needs to become a priority in terms of 
addressing common risk factors for tooth loss and other 
NCDs to improve quality of life.9 Promotion of oral health 
for this neglected population requires urgent attention in 
terms of policy-making.

The high number of female participants can point to se- 
lection bias. Since clinical examination took place during 
working hours, employed males were likely hindered from 
participating. Because tooth loss is largely the end result 
of long-lasting dental and periodontal disease, estimates 
of associations between outcomes and exposures are 
difficult to establish through cross-sectional designs. Fur- 
thermore, the inclusion of potential confounders for tooth 
loss, such as alcohol consumption, oral hygiene habits, 
systemic conditions, and the exact cause for tooth ex- 
traction would have been beneficial.

The current study focused on a population group of 
mixed-ancestry, hence the results cannot be extrapo- 
lated to the entire South African population. Considering 
the heterogeneous prevalence of edentulism within coun- 
tries and the lack of updated epidemiological data on 
tooth loss in South Africa, it is relevant to obtain data on 
other population groups in the country, particularly for 
underprivileged communities. In future studies, the re- 
lation between tooth loss and systemic diseases and 

Limitations
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conditions should be evaluated, considering the impact  
of edentulism on general health.

Lastly, recent epidemiological studies in the UK and US 
have used serum cotinine cut-off values as low as 3ng/ 
ml to distinguish between smokers and non-smokers.30 

In the current study, the traditional cut-off value of 15ng/
ml was used and the lowest value detected was 10ng/ml. 
Future studies should employ assays that have a lower 
detection range, as they can be valuable for detecting 
second-hand smoke. 

Findings from the present study indicate that the burden 
of tooth loss is high in the studied population sample, as 
well their unmet needs for dental care. Female gender, 
tobacco exposure, and aging were associated with partial 
and total edentulism. The common approach to modi- 
fiable risk factors for NCDs, such as tobacco interven-
tions, combined with access to preventive and restorative 
treatment has the potential to improve oral health status 
in this population sample.
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Do the CPD questionnaire on page 226
The Continuous Professional Development (CPD) section provides for twenty general questions and five 
ethics questions. The section provides members with a valuable source of CPD points whilst also achieving 
the objective of CPD, to assure continuing education. The importance of continuing professional development 
should not be underestimated, it is a career-long obligation for practicing professionals.

1	 Go to the SADA website www.sada.co.za.

2	 Log into the ‘member only’ section with your unique SADA username and password.

3	 Select the CPD navigation tab.

4	 Select the questionnaire that you wish to complete. 

5	 Enter your multiple choice answers. Please note that you have two attempts to obtain at least 70%.

6	 View and print your CPD certificate.

Online CPD in 6 Easy Steps
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