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Abstract

Objective: The study aimed to determine an association between dental ca-
ries and asthma among 12 to 15 years old children. Methods: This is a
school-based cross-sectional study conducted from January to February 2016.
A random sample of 544 children aged 12 - 15 years were enrolled from five
private schools of Karachi. Dental caries was assessed using DMFT Index
(Decayed, Missing, Filled teeth). The main exposure variable was asthma and
information on it was collected through the International Study of Asthma
and Allergies in Childhood (ISAAC) questionnaire. Results: The data was
analyzed using Cox Proportional Hazard algorithm. Crude and adjusted pre-
valence ratios with 95% CI were reported. Total 554 children, 306 (56.3%)
boys and 43.7% girls participated in the study. Mean age of children was 13.2
* 0.05 years. Total number of children with DMFT > 0 was 30.5%. The de-
cayed component contributed largely (22.8%) to the DMFT score. Overall
prevalence of asthma was 20%. Prevalence of caries in asthmatic children was
28.4% as compared to 31% among non-asthmatic children. Adjusted preva-
lence ratio of dental caries in asthmatic children was 0.8 (95% CI 0.6 - 1.3)
after adjusting for carious food intake, age, oral hygiene index and dentist
visit; the association between asthma and dental caries turned out to be
in-significant. There was significant interaction between maternal education
and consumption of cariogenic food and also between child’s age and oral
hygiene (p-value < 0.1). Conclusions: There was no association observed
between asthma and dental caries among the children examined in this study.
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1. Introduction

Asthma is a common respiratory disease of childhood [1]. Approximately 300
million individuals globally suffer from asthma [2]. International Study of
Asthma and Allergies in Children (ISAAC) surveyed 1.2 million children from
98 countries and reported that prevalence of asthma is 14.1% among 13 - 14
years old children [3]. The overall prevalence of asthma in Pakistan among 3 -
17 years old is around 10.2% [4]. According to a Pakistani study, the prevalence
of physician diagnosed asthma in school-going children aged 3 to 16 years is
15% [5]. Among pre-pubertal males, asthma is twice as common compared to
females but later during adolescence, it affects both genders almost equally [6].

Dental caries is one of the most prevalent chronic diseases among children.
It affects children both physically and psychologically. It influences the child’s
dietary intake impairing the growth and development [7]. Moreover, it also
affects the self-esteem and quality of life of children [8] [9]. Caries ranks as the
fourth most expensive disease to treat in some developing countries. The
treatment cost of caries alone is higher than the total health budget of these
countries [8].

Findings from the earlier studies on the association of dental caries with
asthma are inconsistent; few have found positive association [10] [11] whilst
others have not [12] [13] [14]. It has been suggested that asthmatics are suscept-
ible to developing dental caries because the anti-asthmatic medications, the drug
chemistry, its low pH [15], sugar content [16] and its effect on the salivary flow
[17] may increase the vulnerability of caries among asthmatics. Moreover, asth-
matics may consume more erosive drinks [18] or their practice of mouth
breathing may be the reason for higher caries experience [19]. The possible rea-
sons for conflicting results might be varying clinical presentations, diagnostic
challenges and complex etiologies of the two chronic conditions. Alternatively,
the lack of association in different studies could be attributed to insufficient
sample size, inconsistent age groups, differences in the severity of asthma, use of
other medications and participants belonging to different ethnicities.

Hence, it’s important to identify association between the two diseases so that
prophylactic strategies can be formulated to advocate for adherence to precau-
tionary measures by asthmatics to avert undesirable effects on oral tissues.
Therefore, the aim of this study was to determine an association between dental

caries and asthma among 12 to 15 years old children.

2. Material and Methods

Across-sectional study was conducted from January to May 2016, among child-
ren aged 12 to 15 years from five private schools of high socio-economic areas in
Karachi, Pakistan.

Inclusion and Exclusion Criteria of the participants

Only those students were included who gave assent and their parents provided
written consent. We excluded children who were suffering from respiratory dis-
eases other than asthma or any other serious medical illness (e.g. epilepsy) that
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require medications that have anti-sialagogue effect, as it would cloud the study
results. Children with history dento-facial or skeletal deformities such as cleft
lip/palate or any congenital dysplasia were also excluded as they exhibit abnor-
mal morphology of tooth and unusual eruption patterns and their defective
tooth structure makes them more prone to caries [20].

Sample size and sampling strategy

Students of grade VI to XI were selected through simple random sampling
from five schools. A minimum sample size of 513 was required to achieve 80%
power, 5% level of significance, considering an anticipated prevalence of asthma
in Pakistan as 14% among children aged 12 - 15 years [4] and expected preva-
lence ratio of 2.5 adding non response of 10%. The sample size was inflated to
compensate for refusals. The final sample size was 544 children.

Main exposure variable (Definition of asthmatics)

Asthma is a chronic condition due to inflammation of the air passages in the
lungs. In an attack, the lining of the passages swell causing the airways to nar-
row, reducing the airflow in the lungs [21].

Definition of Outcome variable

Dental caries is localized destruction of susceptible dental hard tissues by
acidic by-products from bacterial fermentation of dietary carbohydrates” [22]
defined as the sum of all decayed, missing and filled teeth in the oral cavity as-
sessed by clinical dental examination.

We categorized DMFT Index as a binary outcome (DMFT < 1 = Caries Ab-
sent and DMFT > 1 = Caries Present) [23].

Data Collection procedure/tool

A pretested self-administered questionnaire was used to collect the informa-
tion on the potential risk factors of caries. Data regarding asthma (main expo-
sure variable) was collected through the International Study of Asthma and Al-
lergies in Childhood (ISAAC) questionnaire [24]. It comprised of eight items
and each item is assigned a score from 0 to 2 and an overall score from 6 to 14
classifies the child as an asthmatic. The ISAAC questionnaire assesses the history
of wheeze ever, asthma and dry cough, the frequency of wheeze attacks in the
past 12 months, disturbance of speech or sleep related to wheeze and wheezing
followed by exercise [24]. Participants oral examination was conducted to assess
dental caries (the study outcome) by the qualified dentists. It was done using
disposable dental kits which included mouth mirror, probe, tweezers and cotton
swabs along with rechargeable flashlights. The decayed, missing and filled teeth
(DMFT Index) was recorded. According to World Health Organization (WHO)
the aggregate of decayed, missing and filled teeth (DMFT) till date remains one
of the main index for assessing oral health [25]. Plaque and calculus were also
recorded to measure dental hygiene status of school children. Later Simplified
Oral Hygiene Index (OHI-S) (sum of Debris and Calculus Index and divided by
6) was calculated to determine oral hygine status (Good: 0 to 1.2; Fair: 1.3 to 3;
and Poor: 3 to 6).
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Anthropometric measurements such as Height (in feet) measured with an an-
gled scale and weight (in kilogram) was measured using a bathroom scale to
calculate BMI.

Questionnaire

The questionnaire addressed child’s gender, age, parents education, physician
diagnoses of asthma, duration of asthma, type of medication administered and
its frequency, family history of asthma and allergies, dietary habits (amount and
frequency of intake of each carious food item using Food Frequency Question-
naire (FFQ) and oral hygiene behavior (assessed by tooth brushing frequency,
dental visits and the reason for last visit). Additionally the mother of the child-
ren were interviewed via telephone regarding physician diagnoses of asthma,
duration of asthma, past and current medication and its frequency, family his-
tory of asthma and mouth-breathing. Comprehensibility and clarity of questions
were assessed through pre-testing.

Ethical Consideration

The study was approved by the Ethical Review Committee of the Aga Khan
University Hospital. Children who were identified as asthmatics using ISAAC
questionnaire were later contacted at home to inform their parents so that they
could seek advice from a pulmonologist.

Data editing and entry

The filled questionnaires were edited by principal investigator and the data
collectors both in field and office and any missing data were clarified imme-
diately. Data was double entered by two data entry operators in Epi Info V.6.04.
[26].

Statistical analysis

STATA version 11.0 was used for data analysis. For categorical variables, fre-
quencies and percentages were reported whereas for quantitative variables
means and standard deviations were computed.

Factor analysis was used to analyze FFQ. The food score was divided into 4
categories depending on the consumption of junk food, sugary items and milk
related products. Those children who consumed highest amount of cariogenic
food belonged to food score category 4.

Prevalence Ratio (PRs) and their 95% confidence intervals (CIs) was calcu-
lated using Cox Proportional hazard algorithm. We used Cox proportional ha-
zard algorithm and reported Prevalence ratio instead of Odds ratio as it is over-
estimated in cross-sectional studies when the outcome is frequent as in our case
the prevalence of caries is 55% [27]. When every participant is assigned a con-
stant risk period in Cox algorithm, the hazard rate ratio is equivalent to preva-
lence ratio in cross-sectional studies.

All variables having p-value less than 0.25 were included in the model. All bi-
ological plausible interactions were checked at 0.05 level of significance. Signifi-
cant interaction was found between age & oral hygiene and mothers education &

carious food consumption and kept in the model.
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3. Results

There were 544 children, 306 (56.25%) boys and 238 (43.75%) girls. The mean
age of children was 13.2 * 0.05 years. The prevalence of overweight and obese
children was 18.6% and 11.9% respectively. Nearly 51% mothers were university
graduates (Table 1).

The prevalence of physician’s diagnosed asthma was 11.9%. Approximately
6.6% children were identified as asthmatics on ISAAC tool and 1.5% children
were revealed as asthmatics at interview with the parents. Thus, the overall pre-
valence of asthma was 20%. Wheeze during or after exercise was the most com-
monly reported symptom. Approximately 38% children had family history of
asthma. One fourth of the children were allergic. About 58% children reported
dust allergy (followed by 16% food allergy and 7% fur allergy).

For oral hygiene practices, 68.3% children reported brushing their teeth at
least twice a day. Nearly 61% children had good oral hygiene, 37% fair oral hy-
giene and only 2% had poor oral hygiene (according to Simplified Oral Hygiene
Index). The prevalence of caries was 30.51%.

The mean duration of medication use was 5.3 years. Only 26/109 (4.78%)
asthmatics children had long term (>5 years) asthma (Table 2). The most com-
mon form of medication used among asthmatic children was inhaler.

The prevalence of caries was 1.39 times higher among children with accepta-
ble oral hygiene compared to those with good oral hygiene (PR = 1.39; CI = 1.02
- 1.90) as shown in Table 3. Children who consumed high amount of cariogenic
food were 71% more likely to have caries compared to those who consumed less
amount of junk food and sugary items (PR = 1.71; CI = 1.10 - 2.66). Main expo-
sure variable (asthma) turned out to be insignificant at bivariate level (p-value >
0.25).

The final Cox proportional hazard algorithm model shows that the adjusted
prevalence ratio of dental caries among asthmatic children compared to
non-asthmatic children was 0.86 (95% CI: 0.6 - 1.3). After adjusting for age,
prior visit to the dentist, oral hygiene and cariogenic food consumption, the
prevalence of caries was 1.51 times higher among children who regularly visit
the dentist compared to those who don’t (adjusted PR = 1.51; 95% CI = 1.05 -
2.17). Among children whose mothers education was at least high school and the
cariogenic food consumption was high, the prevalence of caries was 6.8 times
greater than children whose mothers education was similar but cariogenic food
consumption was low (adjusted PR = 6.8; 95% CI = 1.64 - 29.67). Among child-
ren aged 12 to 13 years old and fair oral hygiene the prevalence of caries was 2.7
times greater than children aged 15 years and fair oral hygiene (adjusted PR =
1.395% CI = 0.7 - 2.6) (Table 4).

4. Discussion

This study was aimed to evaluate an association between asthma and dental ca-

ries among school children aged 12 to 15 years studying at five private schools in
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Table 1. Descriptive analysis of participant’s characteristics, socio-demographic status,
asthma and other variables, oral hygiene practices and oral health status in Karachi, Pa-
kistan (n = 544).

Participant’s characteristics Frequency (%)
Age
12 years 191 35.11
13 years 150 27.57
14 years 102 18.75
15 years 101 18.57
Age in years (Mean + SD) 13.2 £0.04
Gender
Male 306 56.25
Female 238 43.75

Education of Mother
High school and below 265 48.71
Graduation and above 279 51.29

Education of Father

High school and below 55 10.11
Graduation and above 489 89.89
BMI
Underweight 56 10.29
Normal weight 322 59.19
Overweight & obese 166 30.52
BMI (Mean + SD) 20.44 +£0.19
Physician diagnosed Asthma 65 119
ISAAC questionnaire 36 6.6
Parent interviews (childhood asthma) 8 1.5
Asthma* 109 20 (95% CI: 17% - 23%)
Family history of asthma 206 37.9
Allergy status of child 136 25

Brushing frequency/day

>1 time 372 68.3
1 time 172 31.6
Had dental visit 370 68.0
Oral Hygiene Index
Good (0 to <1.2) 330 60.6
Fair(>1.2 to <3) 201 36.9
Poor(>3) 13 2.4
Caries 166 30.51

*Asthma includes physician diagnosed + wheeze in 12 months (ISAAC) + childhood asthma (parent inter-
views).
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Table 2. Descriptive Analysis of medication among 12 - 15 years old asthmatic children

in Karachi, Pakistan (n = 544).

Variable Frequency %
Asthma status
Non-asthmatics 435 79.9
Asthmatics 109 20.1
Medications among asthmatics
No 37 6.80
Yes 72 13.24
Duration of medication (years)
Non-asthmatics 435 79.96
Asthmatics (newly identified) 36 6.62
Asthmatics
<1 year 12 2.21
2 - 5 years 35 6.43
>5 years 26 4.78
(Mean + SD) 5.31 £ 0.50
Type of medication*
Inhaler
Non-asthmatic 435 79.96
Never User 49 9.01
Regular User** 13 2.39
Occasional User*** 47 8.64
Syrup
Non-asthmatic 435 79.96
Never User 97 17.83
Regular User** 3 0.55
Occasional User*** 9 1.65

*Multiple responses; **Regular User-Twice/Once; ***Occasional User-only during attack.

Table 3. Bivariate analysis for factors associated with dental caries using Cox Proportion-

al Hazard Algorithm (n = 544).

Variables Prevalence of Cariesn (%)  Crude Prevalence Ratio (95% CI)
Age
12years (ref) 44 (23.04) 1
13 years 52 (34.67) 1.51 (1.01 - 2.25)
14 years 34 (33.33) 1.45 (0.93 - 2.26)
15 years 36 (35.64) 1.55 (0.99 - 2.40)
Dental visit
No (ref) 40 (22.99) 1
Yes 126 (34.05) 1.48 (1.037 - 2.11)
Oral Hygiene Index
Good (0 to <1.2) (ref) 87 (26.36) 1
Fair (>1.2 to <3) 74 (36.82) 1.39 (1.02 - 1.90)
Poor (>3) 5(38.46) 1.46 (0.59 - 3.59)
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Continued

Cariogenic Food

Low Consumption 31 (22.79) 1
Medium Consumption 41 (30.15) 1.32(0.83 - 2.11)

High Consumption 53 (38.97) 1.71 (1.10 - 2.66)
Highest Consumption 41 (30.15) 1.32(0.83 - 2.11)

Table 4. Multivariate analysis for predictor variables associated with dental caries using
Cox Proportional Hazard Algorithm (n = 544).

Adjusted Prevalence

Variables Ratio (95% CI)
Asthma
No 1
Yes 0.86 (0.6 - 1.3)
Dental visit
No 1
Yes 1.51 (1.05 - 2.17)

Maternal Education and Cariogenic Food Consumption

Graduate and Lowest Consumption 1
Medium Consumption 1.2 (0.6 - 2.3)
High Consumption 1.4 (0.7 - 2.6)
Highest Consumption 1.6 (0.9 - 2.9)
Intermediate and Lowest Consumption 0.3(0.1-1.5)
Medium Consumption 53(1.6-17.3)
High Consumption 6.8 (1.6 - 29.7)
Highest Consumption 2.1(0.4-10.1)
Matric/O-levels and Lowest Consumption 1.3 (0.6 - 2.8)
Medium Consumption 0.9 (0.4-2.1)
High Consumption 1.6 (0.7 - 3.5)
Highest Consumption 1.0 (04 - 2.4)

Oral Hygiene Index and Age

Good hygiene and 12 years 1
13 years 0.9 (0.5 - 1.6)
14 years 1.5 (0.8 - 2.6)
15 years 1.3(0.7 -2.4)

Fair hygiene and 12 years 1.0 (0.6 - 1.9)
13 years 2.7(14-4.4)
14 years 0.9(04-1.8)
15 years 1.3 (0.7 - 2.6)

Poor hygiene and 12 years 1.4 (0.3-6.1)
13 years 4.7 (0.6 - 37.5)
14 years 6.9e—14 (—32.14 - 28.45)
15 years 1.4 (0.3-6.3)
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Karachi, Pakistan. We did not find any association between asthma and caries.
Our findings are comparable with the studies conducted by Eloot et al [28],
Meldrum ef al [13] Shulman et al. [29] and Bjerkeborn et al [30] who also failed
to detect any significant dissimilarity in caries experience between asthmatic and
non-asthmatic children. On the contrary, findings from other studies suggest a
relationship between asthma and caries [31].

The probable reason for inconsistent results regarding the association might
be that asthma is seasonal in nature and it’s difficult to examine any relationship
of asthma with other diseases. The disease itself, its severity and medications
fluctuate over time. In addition, it’s difficult to assess the initiation of the dis-
ease. Moreover, a universally accepted definition of asthma does not exist. Esti-
mation through symptoms is what surveys of asthma rely on. In our study too,
we relied upon the information given by the students and their parents regard-
ing the asthma status.

Caries prevalence in the present study was 30.5%. This is comparable to the
study by Charani et al [32] who reported a prevalence of 29% among children
enrolled in schools located in similar affluent settings. Naidu et al [33] reported
e prevalence of 29.1% among 3 - 5 years old Indians residing in Caribbean area.
Kutesa et al. [34] reported caries prevalence of 32.5% among 11 to 13 years old
school children. Our estimates are lower than Mohiuddin et al [35] who re-
ported an overall prevalence of 69.6% among 6 to 12 year-old. Similarly, Abbas
et al. [36] who reported 64.6% prevalence of caries among 11 to 16 year old
children of Karachi. A possible explanation for such low prevalence of caries
among our study participants could be due to better awareness regarding oral
hygienepractices and access to dental care as majority of our study participants
belonged to high socio-economic status. They reported to have increased fre-
quency of tooth brushing, availability of fluoridated toothpastes and above all
educated parents, all of which add to the protection against dental caries [37].

In our study child’s age, previous dental visits, oral hygiene index and cari-
ogenic food consumption were significantly associated with the dental caries.
Caries prevalence was higher in children who had visited a dentist than those
who had not. This was due to the fact that children with carious teeth visited the
dentist more often to get the required treatment [38].

Furthermore, variables such as oral hygiene, child’s age, maternal education
and cariogenic food consumption were effect modifiers in our study. The associ-
ation of cariogenic food consumption and caries varies by the level of maternal
education. The lower the educational status of the mother, the higher was the
child’s consumption of unhealthy cariogenic food. The mother’s years of educa-
tion had a direct relationship with the selection of healthy fruits and vegetables
consumption among children [39].

Children aged 12 to 13 years old had very high debris scores in the oral cavity
as compared to those aged 15 years. A probable reason for this improvement in
oral cleanliness maybe due to the fact that young adults become more conscious
about their appearance as they desired to be socially accepted.
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The duration of asthmatic medications had no effect on the caries experience.
These results were similar to the finding from Eloot et al [28] who reported that
length of the disease or medication of asthma has no significant effect on the ca-
ries development. Ersin et al [17] demonstrated a positive correlation between
duration of asthma and S. mutans count in saliva and a negative relationship
between duration of medication and pH of saliva among individuals having ca-
ries.

Another finding of the present study is that the type of medication used (in-
haler or syrup) or its dosage has no effect on dental caries. This finding is in
agreement to Eloot et al [28]. However, on the contrary, Reddy et al [40] re-
ported that caries prevalence was the highest among children taking medication
in the form of syrup. Moreover, Tootla et al [41] found that only lactose based
dry powder inhalers lower the pH of saliva below 5.5, resulting in demineraliza-
tion of enamel. Ryberg et al [42] reported impaired salivary secretion in asth-
matics up to 20% decrease in secretory rates of stimulated whole saliva. Howev-
er, the results of these studies are not comparable to the present study as the
children in our study were using oral anti asthmatic medications intermittently,
most of them were on combination therapy and there were frequent alterations
in the form and dosage of medication, so individual effect of drug could not be
evaluated. In addition the most common form of medication was inhaler and
very low proportion of children in our study were using syrups (only 3 regular
users and 9 occasional users). In the present study, we did not find any associa-
tion between caries prevalence and the severity of asthma.

The strengths of our study included data collectors who were blinded regard-
ing the exposure status (asthma) of children at the time of caries examination.
This prevented differential misclassification (information bias) on the exposure
status. Moreover, we reported prevalence ratios (PR) along with 95% CI. Me-
thodologically, in a cross sectional study, PR is the recommended alternative to
Odds Ratio, provided the outcome of interest is frequent [27].

There were some limitations too in the present study. Firstly, asthma was as-
sessed via questionnaire rather than an objective measure like Spirometer. Since,
asthma information was collected via questionnaire, thus it was mainly depen-
dent on the parent or child ability to recall, and this could have led to s recall bi-
as resulting in under or over reporting. To overcome this, we assessed asthma
via ISAAC, physician diagnosis and parent interviews. Secondly, assessment of
dental caries was done using DMFT index. No dental radiographs were em-
ployed for the logistic reasons. Thus, we might have under-estimated the actual
magnitude of dental caries. However, reported sensitivity and specificity of
DMFT Index is 1.0 and 0.65 to 0.80, respectively [43]. Moreover, this study was
conducted in schools located in the most affluent areas of Karachi due to law
and order situation of the country public schools were reluctant to grant permis-
sion for data collection. Socioeconomic status (SES) disproportionately affects
dental caries so by taking a homogenous population in terms of SES, aided in

controlling for the confounding at the design stage.
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5. Conclusion

No statistically significant association could be found between asthma and den-
tal caries. Longitudinal studies are needed to explore the role of asthma in dental

caries.
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