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ABSTRACT 

Aim and Hypothesis 

The objective of this retrospective study was to compare longitudinally mean interproximal 

radiographic supporting alveolar bone change of the posterior quadrants in patients with and 

without the history of respiratory allergic diseases (RADs) such as asthma and allergic rhinitis. 

Demographic data and history of periodontal treatment were also investigated. 

Material and Methods 

A retrospective record review was conducted for patients at the age range from 30 to 39 between 

July 1, 2004 to Dec 31, 2017 at Tufts University School of Dental Medicine (TUSDM). Patients 

with a minimum of 1-year follow up period following with the presence of qualified digital 

radiographic pairs, either bite-wing (BW) or periapical (PA) radiographs, over the posterior 

sextants were included into the study. Patients in the test group were composed of those with 

history of RADs, whereas those in the control group were patients without the history of RADs. 

The total follow-up period in each group was then categorized into 1-4 years, 5-7 years, 7-10 years 

and more than 10 years (> 10 years). Demographic data, periodontal treatment data were extract 

from the electronic health record (AxiUm®) Database. The crestal bone level (CBL) was measured 

radiographically and based on severity, the mean CBL per patient at baseline for both groups was 

further divided into two subsets: ≤ 3 mm (iCBLs) and > 3 mm (iCBLS). The changes were assessed 

as DmCBL (mean CBL change), DaCBL (annual mean CBL change) and DhCBL (highest CBL 

change). Independent sample t-test or Mann-Whitney U test were used to compare the continuous 

variables. Associations between categorical outcomes were analyzed with the chi-square test or 
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Fisher’s exact test. Multiple linear regression was performed to analyze the CBL change on RADs 

in 4 models. One-way ANOVA and Kruskal-Wallis test was conducted to analyze the DmCBL, 

DaCBL and DhCBL between iCBLs and iCBLS in both test and control group. All p-values less 

than 0.05 was considered statistically significant.  

Results 

A total of 170 subjects (85 subjects per group) were included and a total of 3879 sites (1963 and 

1916 sites for test and control group, respectively) were evaluated for CBL change. The current 

study presented negative association between RADs and radiographic CBL changes. The overall 

DmCBL between test and control group as well as at 1-4 years follow up period was statistically 

significant (0.10 ± 0.31 mm and 0.06 ± 0.25 mm, respectively, in test group; 0.21 ± 0.32 mm and 

0.16 ± 0.27 mm, respectively, in control group). This negative association between RADs and 

DmCBL was also found statistically significant in model 1, model 2 and model 3 in multiple linear 

regression. The iCBLS in control group showed significantly higher in DhCBL compared to the 

iCBLs in test group.  

Conclusions 

Within the limitation, the results suggested the respiratory allergic disease may have the protective 

effect to prevent the progression of the alveolar bone loss. Further study with controlled research 

designs and methods is needed to confirm the findings of this initial study. 
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Introduction 

 

Respiratory allergic diseases (RADs) such as allergic rhinitis (hay-fever) and asthma are 

characterized by the ability to induce an IgE antibody response to an environmental allergen 1. 

Asthma is a disease which features chronic inflammation of the airways and respiratory symptoms, 

such as wheezing, shortness of breath, tightness in the chest, and coughing, that can vary in 

intensity over time. Respiratory infection, allergen, irritant exposure, exercise, and change in 

weather may trigger these variable symptoms and airflow limitation 2,3. Allergic rhinitis is a 

common disease characterized by paroxysms of sneezing, rhinorrhea, and nasal obstruction, often 

accompanied by itching of eyes, nose, and palate 4. These conditions are especially common in the 

countries with high humidity climate, such as South Asian countries, which allow the development 

of various allergens 5,6. 

 

Across the world there is large variability in the prevalence of asthma, allergic disease, and atopy. 

In 1998, a self-reported survey from the International Study of Asthma and Allergies in Childhood 

reported generally high prevalence of symptoms of asthma in well-developed countries, such as 

UK, Australia, New Zealand, and Republic of Ireland; low prevalence was found in some 

developing countries, such as several Eastern European countries, Indonesia, Greece, China, 

Taiwan, Uzbekistan, India and Ethiopia 7. Another cross-sectional survey showed a rise in the 

prevalence of asthma and allergic disease in the last century. In United States, there approximately 

25 million people, or 8% of the population are with the diagnosis of asthma in 2017, compared to 

20 million, or 7.3%, who had asthma in 2001 8. In 1989, Strachan found a relationship between 

hay-fever and family size and postulated the “hygiene hypothesis” which may explain the 



 3 

phenomenon mentioned above. The main concept of the hygiene hypothesis was that early 

infections in infancy by exposing the pathogen through their siblings may generate protective 

effects against the development of allergies 9. A potential explanation model was the T-helper type 

1 (Th1) / Th2 paradigm. These two T helper cells exhibit different patterns of cytokine production 

and different functions. However, Th1-derived cytokines, such as Interleukin-1β (IL-1β), IL-6, 

interferon-g (IFN-g) and tumor necrosis factor-α (TNF-α), inhibit the development of Th2 cells 

and vice versa. From previous studies, allergic diseases are Th2-mediated immune response, 

whereas bacterial and viral infections are more likely to be Th1 mediated immune response 10. 

Therefore, triggering the Th1-mediated immune response and then releasing Th1 cell-specific 

cytokine by the bacterial or viral infection inhibits the development of allergen-specific Th2 cells. 

Although this biological background explains the association between infections and allergies to 

some extent, there is still a lack of clear scientific evidence to prove infection as a protective factor 

against allergic diseases 11-13. 

 

Periodontitis is a chronic inflammatory disease of multibacterial etiology with a range of 

immunoinflammatory events 14,15. According to the survey from National Health and Nutrition 

Examination Survey in 2009 to 2014 16, it was estimated that 42% of dentate US adults at the age 

of 30 years or older were diagnosed with periodontitis, with 7.8% have severe periodontitis and 

34.4% were mild to moderate periodontitis. Periodontitis is characterized by progressive 

destruction of the tooth-supporting apparatus 17 and is also associated with the invasion of 

pathogens inside periodontal pockets, which transforms the oral microbiota into a dysbiotic 

community 18. Among these microorganisms, the anaerobic and Gram-negative bacteria Prevotella 

intermedia, Fusobacterium nucleatum, Aggregatibacter actinomycetemcomitans, Porphyromonas 
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gingivalis, Eubacterium nodatum, Treponema denticola, and Tannerella forsythia 15,18 are 

considered periodontal pathogens, and frequently associated with periodontal breakdown. 

Recently, more evidence has been accumulated in support of poor periodontal condition being 

associated with numbers of systemic diseases, especially cardiovascular diseases and uncontrolled 

diabetes 19-21. However, the exact relationship between asthma and periodontitis 22-36 as well as 

allergic rhinitis and periodontitis 37,38 is yet been clarified. In several studies 33-36,38, an inverse 

relationship was observed in patients with poorer periodontal health. On the contrary, other studies 

reported either no significant differences in the prevalence of periodontitis between the two 

populations 31,32 or even a positive relationship with asthma and allergic rhinitis 22-30,37. While three 

systematic review and meta-analysis 22-24 showed a positive association between asthma and 

periodontal disease, it is worth noting the heterogeneity between the studies and the small sample 

numbers of the studies included might result in potential bias.  

 

Lopes et al. 27 studied the association between asthma and periodontitis and the result conflict with 

the hygiene hypothesis. Subgingival biofilm was collected from individuals with or without asthma 

to evaluate the level of the periodontal pathogens, such as Prevotella intermedia, Porphyromonas 

gingivalis, Treponema denticola, Tannerella forsythia, and Aggregatibacter 

actinomycetemcomitans. The results suggested high levels of Prevotella intermedia were 

association with severe asthma. On the other hand, Arbes et al. 39 investigated the association 

between history of allergies (i.e., asthma, wheeze and hay-fever) and serum concentrations of IgG 

antibodies to two oral bacteria; Porphyromonas gingivalis (P.g) and Aggregatibacter 

actinomycetemcomitans (A.a). Their findings showed a significant association of higher 

concentrations of IgG antibodies to P.g in a population with lower prevalence of allergic history; 



 5 

similarly, higher concentrations of IgG antibodies to A.a were significantly associated with a lower 

prevalence of wheeze. Although it seems reasonable to assume that within the framework of the 

hygiene hypothesis, systemic reaction of allergic diseases elicits a protection against the 

development of periodontal disease, the conflicting reports still persist. The heterogeneity among 

the studies, such as differences in the definition and severity classifications of the periodontal 

disease and allergic disease, the presence of history and dosages of medication, as well as the 

underlying diseases and habits, might explain the disagreement. Furthermore, most of the 

previously published studies were case-control and cross-sectional studies which, by nature, 

couldn’t elaborate the causation between respiratory allergic disease and periodontitis. 

 

The examination of marginal bone level via oral radiography is a safe and non-invasive way to 

study progression of alveolar bone. Several longitudinal studies utilized marginal bone height as a 

marker to evaluate the progression of periodontal disease 40,41. Pepelassi et al. 42 compared the 

accuracy between periapical and panoramic radiographic in periodontal osseous destruction. In the 

study, they performed measurements via surgical access to serve as the gold standard. They 

concluded periapical radiography is more successful in detecting periodontal osseous destruction 

and more accurate in the assessment. Furthermore, the differences of the measurements at the 

posterior sextants between radiographic and surgical examinations averaged 0.09mm. The ability 

of bite-wing to detect with significant difference in crestal bone height change was reported in less 

than 1mm and 0.3mm elaborated on Hausmann et al. 43 and Hildebolt et al. 44, respectively. 

However, radiographic evaluation tends to underestimate bone loss by approximately 1.41mm 

when compared to surgical measurements 45. 
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Considering the conflicting reports regarding the association between respiratory allergic disease 

and periodontitis, the aim of this cohort study is to retrospectively assess and compare radiographic 

measurements of supporting alveolar bone changes over a period of time in patients with and 

without the history of RADs. Our hypothesis is radiographic measurements of alveolar supporting 

bone level exhibits less loss in patients with the history of RADs. 
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Aim and Hypothesis 

 

To our knowledge, there are no studies comparing whether patients with RADs are at an increased 

risk in developing periodontal bone loss. Therefore, the goal of this retrospective study was to 

assess and evaluate the mean radiographic supporting alveolar bone change of the posterior 

quadrants in patients with and without history of RADs with a minimum of one-year follow up. 

 

Hypothesis: Radiographic alveolar supporting bone level exhibits less loss in patients with history 

of RADs 
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Research Design 

 

This was a retrospective cohort study comparing radiographic hard tissue attachment changes in 

patients with and without history of RADs. The data was extracted from electronic health records 

(AxiUm®), using the patient pool at Tufts University School of Dental medicine (TUSDM). A 

pilot study was performed for sample size calculation. The chart review was performed to include 

subjects who fulfilled the inclusion and exclusion criteria. Subjects were selected as test group if 

they self-reported of RADs, such as asthma or allergic rhinitis. Individuals without a history of 

RADs were selected as control group. Two sets of qualified radiographs, minimally one year apart, 

were included for measurements and data analysis. The first available set of qualified radiograph 

data served as the baseline. (Figure 1). 

 

 

Figure 1. Research design flowchart 
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Material and Methods 

 

This study protocol was reviewed and approved by the Tufts Health Science Campus Institutional 

Review Board (#00001980) to be conducted at the Department of Periodontology, Tufts University 

School of Dental Medicine (TUSDM). The screening was conducted in patients at the age range 

30-39 at their initial visit between July 1, 2004 to Dec 31, 2017 at TUSDM. 

 

Inclusion Criteria 

• At the age of 30-39 upon entry 

• Presence of qualified radiographic pairs, either BW or PA radiographs, over the posterior 

sextants 

• Presence of a minimum of one pair of posterior teeth in occlusion upon entry 

• Presence of corresponding clinical and radiographic data between the two time points of 

a minimum of 1 year 

• Presence of completed electronic Health record 

 

Exclusion criteria: Subject doesn’t fulfill the inclusion criteria will be excluded 

 

Inclusion Criteria for Radiographic Measurements 

The evaluation of the radiographs for acceptable imaging was based on the Pelpelassi et al. 

(1997)42 and Akesson et al. (1989)46 

• The involved anatomical and restorative landmarks being sharp, clear, with proper 

contrast, and without burnout 
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• No shortening or lengthening errors: The buccal and lingual/palatal cusp tips of the 

molars should be less than or equal to 1mm of discrepancy 

• No overlapping of the teeth 

• The alveolar crest and one of the anatomical/restorative landmark present at both time 

points, either the cementoenamel junction (CEJ), the cusp tip, or the restoration margin 

on the mesial and distal side of a tooth are radiographically present and detectable 

 

Exclusion Criteria for Radiographic Measurements: 

• Subjects who didn’t fulfill the inclusion criteria 

• If the detection of the radiographic reference point (CEJ, restoration margin and cusp tip) 

is impossible due to prosthesis fabrication (crown, onlay, overlay) or large restoration 

filling during follow up period 

• Crestal bone loss caused by factors other than periodontitis, such as vertical root fracture, 

benign or malignant tumor 

• Sites were adjacent to impacted wisdom tooth (Third permanent molar) 

• Teeth were retained primary teeth 

• Patients went on orthodontics treatment during the follow up period 
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Data Collection 

The demographic data, periodontal treatment data and radiographic data for subjects who fulfilled 

the inclusion criteria were reviewed by periodontal residents in TUSDM (NC and DR). 

 

Demographic data: The following information was gathered at first chart screening. The data was 

reviewed by DR. 

• Subjects’ age and gender 

• Race/Ethnicity group 

• Subjects’ BMI, calculated by height and weight 

• Systematic diseases which associated with loss of periodontal supporting tissue based on 

review paper by Albander (2018) 47 and current medication history (include drug name, 

dosage, instruction) 

• Respiratory allergy type and current medication history (include drug name, dosage, 

instruction) for allergy 

• Smoking status (former, current or never) and smoking dose (pack per year and number 

of years) 

 

Periodontal treatment data: During the study period, the numbers of non-surgical periodontal 

treatment and surgical periodontal treatment were recorded by DR. Periodontal surgeries are 

composed of the surgeries for accessing to the root surfaces, bony architecture correction or 

regeneration of the periodontal attachment, such as open flap debridement, osseous surgery, 

periodontal regeneration. Procedures including crown lengthening and gingivectomy, aiming to 

resolve esthetic or prosthodontic functionality issues were not recorded. The ADA CDT codes 
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such as D1110, D4240, D4241, D4249, D4260, D4261, D4263, D4264, D4265, D4266, D4267, 

D4341, D4342, D4346, D4355, D4910 were utilized to identify patients receiving any of the 

periodontal treatment mentioned above. 

 

Radiographic data: Radiographs were reviewed by NC. All radiographs were taken by intra-oral 

x-ray (Progeny Preva, Model: 30-A1027, Midmark, Lincolnshire, IL, USA) with Schick Elite CDR 

sensors size 2 (Sirona, Queens, NY, USA) utilizing the Rinn digital sensor holders. Image 

calibration was done before all measurements by setting the width of sensors size 2 as 41mm 

followed by the software instructions. The radiographic measurements of CBL in each included 

subject were categorized by the observation period of 1-4 years, 5-7 years, 8-10 years, > 10 years. 

The measurements for CBL for each tooth site was performed and modified using the method 

described by Hausmann et al. 43. A line connecting the fixed reference point (CEJ or restorative 

margin) and the alveolar bone attachment (ABA), paralleling the tooth axis was drawn with the 

computer software. Linear measurements were taken to the nearest 0.5mm. Figure 2 showed the 

detail of the measurements. A “Side-by-side” method described by Hausmann et al. 43 was used to 

view a pair of radiographs (baseline versus follow up visit) simultaneously to provide greater 

consistency in the identification of the reference landmarks. The CBLs at both mesial and distal 

sites of the teeth #2, 3, 4, 5, 12, 13, 14, 15, 18, 19, 21, 22, 28, 29, 30, 31 were recorded. 

• Cementoenamel junction (CEJ) 

If a CEJ was presented with more than 1 point on a specific tooth surface of radiograph, 

then the middle average point will be selected (Figure 3. Left). In case where the CEJ was 

hard to identify, or changed due to tooth attrition or restoration, the secondary reference 

landmark was the tip of the highest cusp. 
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• Alveolar bone attachment (ABA) 

The ABA was defined as the most cervical level along the proximal root surface where the 

periodontal ligament space retained its normal width 48. If this was not feasible, then the 

most cervical level along the proximal root surface, where the lamina dura was intact with 

no loss of its continuity, was considered to the alveolar crest 49. If the ABA presented more 

than one point in the radiograph, then the most apical one was selected (Figure 3. Right) 50. 

 

For all subjects, the changes in the CBLs between two time points for each tooth site (both mesial 

and distal) was determine using the formula: CBLbaseline - CBLfollow up. If the subjects received any 

treatment which altered the bone architecture, such as extraction, crown lengthening, osseous 

surgery, periodontal regeneration, then the site was excluded. The outcomes of CBL change were 

presented as “mean CBL change (DmCBL)”, “annual mean CBL change (DaCBL)” and “highest 

CBL change (DhCBL)” in different follow up periods. In order to establish different severity of 

periodontal status at baseline for each subject, the mean CBL per patient at baseline for both groups 

was further divided into two subsets: ≤ 3mm (iCBLs) and > 3mm (iCBLS) to assess the DmCBL, 

DaCBL and DhCBL.  

• Mean CBL change (DmCBL) (mm): The change of mean CBL over the included sites per 

patient during the follow up period 

• Annual mean CBL change (DaCBL) (mm/year): The change of mean CBL over the 

included sites per patient divided by follow up year 

• Highest CBL change (DhCBL) (mm): The highest recorded CBL change among the 

included sites per patient during the follow up period 
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Figure 2. Measurement of CBL 

Step 1: Mark the two reference points, CEJ and ABA 
(arrow). CEJ may be cusp tip or restoration margin if CEJ 
was not detectable or destroyed during the follow up 
period) 
 
Step 2: Draw a line follow the tooth axis (Line A) 
 
Step 3: Connect two reference point (CEJ and ABA) to 
form Line B which is parallel to the tooth axis (Line A) 

 

 

Figure 3. Radiographic reference point 

Left: If the CEJ presents more than 1 point on a specific tooth surface of radiograph, then the 
middle average point will be selected (asterisk). Right: If the ABA presents more than one 
point in the radiograph, then the most apical one was selected (arrow). 
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Calibration and Intra-and Inter-examiner agreement 

Inter-examiner agreement between the periodontal resident (NC) and an experienced periodontist 

(WSC) was done prior to the start of the investigation. CBLs at twenty sites composed of 10 sites 

from BW and 10 from PA radiographic images including at least one multi-rooted tooth and one 

single-rooted tooth in both arches were examined. The BWs and PAs for calibration were included 

from the patient pool which were excluded other than the reason of radiographic criteria. NC 

performed the examination a second time, at least 48 hours apart from the first attempt for intra-

examiner agreement. An agreement of 80% of the time within a difference of 0.5mm or less was 

considered acceptable. Both first and second inter-examiner calibration between NC and WSC 

showed excellent reproducibility (ICC=0.989, 0.989, respectively). The intra-examiner calibration 

for NC also showed excellent reproducibility (ICC=0.99). 

 

Sample Size Calculation 

A pilot study was performed for preliminary results for sample size calculation. One hundred 

subjects at the age range 30-39 between July 1, 2004 to Dec 31, 2017 were screened for pilot study. 

15 subjects in both test and control groups met the inclusion criteria and were included in the pilot 

study. Up to 700 records were reviewed to find the qualified records. Mean and the standard 

deviation of the CBL change were calculated. The results were input to a power calculation using 

nQuery (version 7.0). The sample size calculation was performed with the following assumptions: 

a type I error of 5%; a type II error of 20%. A total of 103 patients (43 and 60 patients for test and 

control group, respectively) were screened to include 15 patients for pilot study, and a total of 615 

sites (295 and 320 sites for test and control, respectively) were evaluated for CBL change. The 

overall mean of CBL change in test group is 0.0052 ± 0.43mm, and 0.16 ± 0.23mm for the control 
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group. After power calculation using nQuery (version 7.0), a total of 170 subjects (85 subjects for 

both test and control group) were included in our study. 

 

Statistical analysis 

Descriptive statistics were calculated to analyze demographic data, periodontal treatment, and 

radiographic data. Continuous variables (age, follow up time, BMI, smoking dosage and duration, 

numbers of periodontal treatment and CBL change) were presented as means and standard 

deviation. Independent sample t-test was used to compare the difference between the test and 

control group. The data of follow up time, numbers of non-surgical periodontal treatment and 

DhCBL (5-7 year follow up period) were not normally distributed as assessed by graphically and 

with the Kolmogorov-Smirnov test. Therefore, the Mann-Whitney U test was used instead. 

Categorical variables (gender, race/ethnicity, systemic disease, allergic type and medication, 

smoking status) were presented as counts and percentages. Associations between categorical 

outcomes were analyzed with the chi-square test. Fisher’s exact test was used for the smoking 

status due to sparse cell count. Multiple linear regression was also performed to analyze the CBL 

change on RADs (test vs. control group) in different models. Model 1 was adjusted for age and 

gender. In model 2, smoking and systemic disease were additionally adjusted. In model 3, the 

model was furtherly controlled by BMI. Finally, medication for RADs was adjusted in model 4. 

One-way ANOVA was conducted to analyze the iCBLs and iCBLS in both test and control group 

on DmCBL, and DaCBL. The Kruskal-Wallis test was used for DhCBL due to the assumptions of 

one-way ANOVA are unmet. All p-values less than 0.050 was considered statistically significant. 

The statistical software SPSS version 25 (IBM Corp, Armonk, NY) was used for the analysis.  
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Results 

 

A total of 477 patients (193 and 284 patients in the test and the control groups, respectively) were 

screened in the study during the designated study period. After applying the inclusion and the 

exclusion criteria, 307 patients (108 and 199 patients for test and control group respectively) were 

excluded from the study. A total of 170 subjects (85 subjects in each group) were included and a 

total of 3879 sites (1963 and 1916 sites in the test and the control groups respectively) were 

evaluated for the CBL changes. 

 

Demographic data 

All patient-related factors were presented in Table 1. The 170 patients were composed of 74 males 

(43.5%) and 96 females (56.6%) with the mean age of 34.67 ± 2.65 when included at baseline 

during the time frame between July 1, 2004 to Dec 31, 2017 at TUSDM. The respiratory allergic 

types in the test group were asthma in 56 subjects (65.9%), and allergic rhinitis in 29 subjects 

(34.1%). The overall mean follow-up period was 3.99 ± 3.12 years (4.21 ± 3.33 years in the test 

group and 3.78 ± 2.89 years in the control group) with the range of 1 to 15 years. There was a lack 

of the data for race/ethnicity group, smoking dosage, duration and instruction for the medication 

for respiratory allergy. Therefore, those data weren’t presented in this study. No statistically 

significant difference was observed for age, the number of follow up years, smoking habit, BMI, 

systemic diseases, smoking status between the test and the control groups (P > 0.05). 
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Table 1. Characteristics of study population 

Patient-related factors 
Groups 

p valueb 
Test group Control group 

Age (mean ± SD) (year) 34.85 ± 2.84 34.49 ± 2.44 0.386 
Follow up year (mean ± SD) 4.21 ± 3.33 3.78 ± 2.89 0.561 

Gender 
Male (%) 34 (40.0%) 40 (47.1%) 

0.35 
Female (%) 51 (60.0%) 45 (52.9%) 

BMI (mean ± SD) 28.78 ± 6.43 
(N = 59) 

27.30 ± 5.93 
(N = 40) 

0.247 

Systemic diseasesa 14(16.4%) 13(15.3%) 0.834 
Respiratory 
allergy type 

Asthma (%) 56 (65.9%) 
- - 

Allergic rhinitis (%) 29 (34.1%) 
Medication for 

allergy 
Yes (%) 47 (55.3%) 

- - 
No (%) 38 (44.7%) 

Smoking status 
Current (%) 24 (28.2%) 18 (21.2%) 

0.591 Quit (%) 4 (4.7%) 5 (5.9%) 
Never (%) 57 (67.1%) 62 (72.9%) 

SD, standard deviation; BMI, body mass index; -, not applicable 
a Systematic diseases associated with loss of periodontal supporting tissue. b P-values were from 
independent sample t-test or Mann-Whitney U test for continuous variable in group comparisons, and 
chi-square test or Fisher’s exact test for categorical variables  
 

 

History of periodontal treatment 

The history of periodontal treatment was summarized in the Table 2. There were a total of 45 non-

surgical treatments in both test and control groups with the mean of 0.53 ± 0.95, 0.53 ± 0.89 per 

patient, respectively, during the study period. Only 4 surgical periodontal treatments were 

observed in test group with the mean of 0.05 ± 0.34 per patient. No surgical periodontal treatment 

was observed in control group. There was also no statistically significant difference between test 

and control group in non-surgical periodontal treatment (P > 0.05). 
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Table 2. Numbers of periodontal treatment 

Periodontal treatment 
Groups 

p valueb 
Test group Control group 

Non-surgical  
periodontal treatment 

Total 45 45 
0.839 Mean ± SD 

(per patient) 0.53 ± 0.95 0.53 ± 0.89 

Surgical periodontal 
treatmenta 

Total 4 0 
- Mean ± SD 

(per patient) 
0.05 ± 0.34 - 

SD, standard deviation; -, not applicable 
a Periodontal surgeries only included the procedures accessing to the root surfaces, bone architecture 
correction or regeneration of the alveolar bone. b P-values were from Mann-Whitney U test for 
continuous variables in group comparisons 

 

Crestal bone level (CBL) change 

Radiographic data on DmCBL, DaCBL and DhCBL between the test and the control groups in the 

different follow up time periods were presented in Table 3. Among the overall 170 subjects, 

radiographic data for 75, 23, 10, 4 subjects in the test group and for 75, 13, 11, 1 subject in the 

control group were available for measurements for the 1-4, 5-7, 8-10, >10 years follow up periods, 

respectively. Due to the small sample sizes in the > 10 year follow up period, no statistical analysis 

was performed. Overall, DmCBL (mm) was 0.10 ± 0.31 in the test group and 0.21 ± 0.32 in the 

control group; DaCBL (mm/year) was 0.04 ± 0.13 in test group and 0.21 ± 0.32 in control group; 

DhCBL (mm) was 1.41 ± 0.66 in test group and 1.60 ± 0.90 in control group. The CBL changes 

were higher in the control group than the test group in all three outcomes. However, only the 

difference in the overall DmCBL was statistically significant (P = 0.030). Among the varies 

observation periods, the outcome of DmCBL (mm) demonstrated statistically significant 

difference in the 1-4 years follow up period (P = 0.028; 0.06 ± 0.25 in test group, 0.16 ± 0.27 in 

control group). No statistically significant differences were found in other follow up periods in 

either DmCBL or in DaCBL and DhCBL (Table 3). 
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Table 3. Radiographic CBL change 
Time 
frame CBL changesa 

Groups 
p valueb 

Test group Control group 

Overall 

N 85 85  
DmCBL (mm) 0.10 ± 0.31 0.21 ± 0.32 0.030c 

DaCBL (mm/year) 0.04 ± 0.13 0.07 ± 0.16 0.130 
DhCBL (mm) 1.41 ± 0.66 1.60 ± 0.90 0.117 

1-4 years 

N 75 75  
DmCBL (mm) 0.06 ± 0.25 0.16 ± 0.27 0.028c 

DaCBL (mm/year) 0.03 ± 0.14 0.08 ± 0.17 0.102 
DhCBL (mm) 1.34 ± 0.64 1.53 ± 0.87 0.138 

5-7 years 

N 23 13  
DmCBL (mm) 0.13 ± 0.27 0.34 ± 0.38 0.065 

DaCBL (mm/year) 0.02 ± 0.04 0.05 ± 0.06 0.081 
DhCBL (mm) 1.41 ± 0.56 1.74 ± 0.85 0.379 

8-10 years 

N 10 11  
DmCBL (mm) 0.39 ± 0.46 0.50 ± 0.45 0.588 

DaCBL (mm/year) 0.04 ± 0.05 0.05 ± 0.04 0.593 
DhCBL (mm) 1.80 ± 0.77 2.01 ± 0.75 0.537 

> 10 years 

N 4 1  
DmCBL (mm) 0.25 ± 0.96 - - 

DaCBL (mm/year) 0.01 ± 0.07 - - 
DhCBL (mm) 1.78 ± 1.31 - - 

CBL, crestal bone level; DmCBL, mean crestal bone level change; DaCBL, annual mean crestal bone 
level change; DhCBL, highest crestal bone level change, -, not applicable 
a Data are presented as mean ± standard deviation. b P-values were from independent sample t-test or 
Mann-Whitney U test for continuous variable in group comparisons. c Statistical significance is set as 
0.05 level 
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The association between the CBL changes and RADs as well as other variables were investigated 

with multiple linear regression (Table 4A - 4C). Negative association was found between RADs 

and DmCBL change. The correlation was found to be statistically significant in model 1 (P = 

0.024), model 2 (P = 0.028) and model 3 (P = 0.049). After adding medication for RADs (model 

4), however, it was no longer statistically significant (Table 4A). Although RADs also showed 

negative associations with DaCBL and DhCBL, they were not statistically significant (P > 0.05) 

(Table 4B and 4C). Aging also presented statistically significant association with both model 1 

and model 2 in DmCBL and DhCBL (Table 4A and 4C). However, no statistically significant 

association was found in other models. Other factors, such as gender, BMI, smoking status, 

systemic diseases, and medication for RADs, didn’t show statistically significant association with 

CBL changes in all models (P > 0.05). 

 
Table 4A. Multiple linear regression (DmCBL)  

Factors 
Mean crestal bone level change (DmCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.173 0.024c - 0.168 0.028c - 0.200 0.049c - 0.189 0.145 
Gender 0.064 0.397 0.046 0.551 0.074 0.475 0.071 0.501 

Age 0.164 0.031c 0.177 0.021c 0.152 0.137 0.153 0.138 
Smoking status - - - 0.063 0.406 0.002 0.985 0.002 0.986 

Systemic diseasesa - - - 0.098 0.206 - 0.174 0.096 - 0.176 0.097 
BMI - - - - 0.156 0.122 0.159 0.125 

Medication for RADs - - - - - - - 0.019 0.888 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL change. c Statistical significance is set as 0.05 level 
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Table 4B. Multiple linear regression (DaCBL)  

Factors 
Mean crestal bone level change (DaCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.112 0.146 - 0.107 0.168 - 0.072 0.491 - 0.001 0.993 
Gender 0.111 0.149 0.110 0.162 0.080 0.454 0.063 0.563 

Age 0.054 0.479 0.060 0.441 0.012 0.911 0.018 0.865 
Smoking status - - - 0.074 0.340 - 0.006 0.957 - 0.006 0.957 

Systemic diseasesa - - - 0.009 0.914 - 0.022 0.841 - 0.034 0.756 
BMI - - - - 0.132 0.211 0.150 0.163 

Medication for RADs - - - - - - - 0.118 0.393 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL change. 

 

Table 4c. Multiple linear regression (DhCBL)  

Factors 
Mean crestal bone level change (DhCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.127 0.099 - 0.122 0.113 - 0.133 0.196 - 0.147 0.265 
Gender 0.068 0.373 0.060 0.439 - 0.006 0.957 - 0.002 0.983 

Age 0.159 0.038c 0.167 0.032c 0.103 0.321 0.102 0.331 
Smoking status - - - 0.062 0.421 0.033 0.751 0.033 0.753 

Systemic diseasesa - - - 0.043 0.585 - 0.155 0.146 - 0.152 0.157 
BMI - - - - 0.171 0.098 0.167 0.114 

Medication for RADs - - - - - - 0.023 0.865 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL changes. c Statistical significance is set as 0.05 level 

 

Further investigation was performed with one-way ANOVA and Kruskal-Wallis test for CBL 

changes between iCBLs and iCBLS in test and control group. The results were presented in Table 

5. Statistically significant differences were detected among the groups for the DhCBL (P = 0.024). 

The results of the post hoc test showed the iCBLS of the control group (2.19 ± 1.38 mm) was 

significantly greater than those in the iCBLs of the test group (1.38 ± 0.66 mm) as well as the 
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iCBLs of the control group (1.46 ± 0.69 mm) (P = 0.04, 0.012, respectively). However, after 

adjusting by the Bonferroni correction for multiple tests, only iCBLs in test group remained 

significantly different with iCBLS in control group (P = 0.022); iCBLs in control group was no 

longer significant difference (P = 0.071) (Table 5). No statistically significant difference was found 

among the groups for DmCBL and DaCBL. 

 
Table 5. CBL changes in different initial periodontal status 

 Groups N Mean ± SD 
95% confidence interval  

for mean p-valuea 
Lower Bound Upper Bound 

DmCBL 
(mm) 

Test 
iCBLs 80 0.10 ± 0.31 0.0385 0.1777 

0.136 
iCBLS 5 - 0.03 ± 0.21 - 0.2901 0.2381 

Control 
iCBLs 69 0.20 ± 0.33 0.1236 0.2810 
iCBLS 16 0.22 ± 0.29 0.0626 0.3762 

DaCBL 
(mm/year) 

Test 
iCBLs 80 0.04 ± 0.13 0.0088 0.0669 

0.274 
iCBLS 5 - 0.01 ± 0.08 - 0.1079 0.0959 

Control 
iCBLs 69 0.08 ± 0.16 0.0376 0.1161 
iCBLS 16 0.03 ± 0.12 - 0.0317 0.1161 

DhCBL 
(mm) 

Test 
iCBLs 80 1.38 ± 0.66c 1.2377 1.5298 

0.024b 
iCBLS 5 1.76 ± 0.68 0.9151 2.6049 

Control 
iCBLs 69 1.46 ± 0.69 1.2937 1.6252 
iCBLS 16 2.19 ± 1.38c 1.4523 2.9227 

DmCBL, mean crestal bone level change; DaCBL, annual mean crestal bone level change; DhCBL, highest crestal bone 
level change; iCBLs, initial mean crestal bone level per patient at baseline ≤ 3 mm; iCBLS, initial crestal bone level 
per patient at baseline > 3 mm; SD, standard deviation 
a P-values were from one-way ANOVA and Kruskal-Wallis test for CBL changes between iCBLs and iCBLS in test 
and control group. b Statistical significance is set as 0.05 level. c The difference between iCBLS in control group and 
iCBLs in test group was statistically significant. 
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Discussion 

 

This study looked at the longitudinal impact, if any, of RADs to the supporting alveolar bone level 

changes at the posterior quadrants in patients being seen at TUSDM with a mean follow up year 

of 3.99 ± 3.12 years (ranging from 1 to 15 years). Our analysis revealed negative associations 

between respiratory allergic diseases and radiographic alveolar bone changes. 

 

In the present study, the mean annual bone level change of the 170 subjects was 0.05 ± 0.14 mm 

which is similar to previous studies. Machtei et al. conducted a longitudinal radiographic alveolar 

bone change assessment with 415 subjects (183 males and 232 females), age 27 to 67 (mean 52.2 

years), with 2 to 5 years follow up (mean 2.3 years). They reported a mean 0.04 ± 0.001 mm 

radiographic alveolar bone loss annually 51. Other similar study performed by LaMonte et al. with 

1025 female, age 53 to 83 (mean 47.98 year), and 3.93 to 7.52 years of follow up (mean 5.07 

years). The annual radiographic alveolar bone change from the study was 0.038 ± 0.22 mm 52. 

However, the subjects in the former study were from general population with only mild or little 

periodontal disease and those from the latter one were from postmenopausal women which 

probably cannot represent the general population. A systematic review and meta-analyses from 

2017 AAP/EFP world workshop presented a summary in mean annual attachment level change 53. 

Their results showed there was an annual 0.056mm change in the attachment level in North 

America and Europe population, 0.093mm in the interproximal sites and 0.074mm in subjects at 

the age of 30-50 years. The characteristic of population from this study was more similar to our 

study population, although the result represented the change in clinical attachment level not 

radiographic bone loss.  
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The relationship between RADs and periodontitis is still unclear. To our best knowledge, this study 

was the first study to compare the radiographic CBL changes in patients with and without RADs. 

Our results showed that the CBL changes were higher in the control group than that in the test 

group in all three outcomes (DmCBL, DaCBL, and DhCBL) compared to test group. However, 

statistically significant differences were only found in overall DmCBL and at 1-4 years follow up 

period between the test and the control group (P = 0.030, 0.028, respectively) (Table 3). The 

models in multiple linear regression also showed negative association between respiratory allergic 

disease and crestal bone level change and it was also statistically significant difference in model 

1, model 2 and model 3 in DmCBL (Table 4A). The small sample sizes in 5-7, 8-10 and > 10 years 

probably could explain that there was no longer statistically significant difference after 1-4 years 

follow up. On the other hand, within a relatively small sample size of young population, as the 

population ages, the influence of systemic diseases, taking medications might also wash away 

some of the associations. Moreover, crown coverage, large restoration fabrication, tooth extraction 

due to large decayed or severe alveolar bone loss were the main reasons of excluding the examined 

tooth in our study, especially in long-term follow up period. Those might also impact the results 

from the measurement. 

 

The negative association between the RADs and CBL changes from our study suggested that the 

allergic diseases might have protective effect to prevent the progression of the crestal bone loss 

around the tooth and supported the finding from previous studies. Friedich et al. found an inverse 

association between periodontitis and hay-fever as well as periodontitis and house dust mite (HDM) 

allergy; slightly inverse association was reported between asthma and periodontitis. After 

adjusting confounding factors, for increasing attachment loss, the odds ratio reduced from 0.87 to 
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0.53 (P = 0.01) in subjects with hay-fever, and from 0.80 to 0.39 (P = 0.02) in subjects with HDM 

allergy. The asthma group also showed reduced odds ratio from 1.10 to 0.48. However, it was not 

statistically significant (P = 0.11) 35. Another study from the same author also reported a strong 

inverse association between periodontitis and respiratory allergies in patients with type 1 diabetes 

mellitus. Compared with subjects with mild periodontal conditions, individuals with severe 

periodontal conditions had the lowest risk of respiratory allergy history and the odds ratio reduced 

from 0.32 to 0.06 (P < 0.05) 34. Other authors also revealed the negative association between 

periodontitis and respiratory allergic diseases. Rivera et al. reported overweight or obese 

individuals with severe periodontitis were less likely to have asthma and the odds ratio of asthma 

was 0.44 compared to none/mild periodontitis. Stronger evidence of an inverse association was 

also found when using asthma medication as outcome in their study 33. Kim et al. presented a 

significant inverse association between allergic rhinitis and periodontal and the odds ratio of 

periodontitis was 0.79 for patients with allergic rhinitis 38. Unfortunately, the design of the studies 

mentioned above were all cross-sectional study. The evidence was not strong enough to prove the 

relationship between the respiratory disease and periodontitis.  

 

Periodontitis is a chronic multifactorial inflammatory disease associated with dysbiotic plaque 

biofilms and characterized by progressive destruction of the tooth-supporting apparatus. Clinically, 

its primary features include clinical attachment loss as well as radiographic alveolar bone loss 17. 

Different theories, such as nonspecific plaque theory 54 and specific plaque theory 55, have emerged 

trying to explain the pathogenesis of the periodontitis. However, both theories mainly focused on 

amount of the bacterial plaque or specific bacteria. In 1994, Marsh 56 described the ecological 

plaque hypothesis, which encompassed not only the previous plaque theories but also emphasized 
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the important role in host response in developing periodontitis. As mentioned previously, 

periodontitis is caused by an exaggerated inflammatory response which is characterized by a pro-

inflammatory profile of cytokine release. Yamazaki et al. discussed different etiology models in 

the development of periodontal disease 57. The first model suggested that periodontitis is Th2-

mediated immune response. The activation of B-cells and the release of IL-1 probably play the 

role in tissue destruction. The second model hypothesized that the tissue destruction was caused 

by production of IL-1β, IL-6, IFN-g and TNF-α, known as Th1-mediated immune response 57-61. 

A third model linked both first and second models and proposed that both Th1 and Th2 cell are 

involved in the pathogenesis of periodontal disease. In details, Th1 cells are associated with stable 

periodontal lesions, whereas Th2 cells may be related in advanced and progressive periodontal 

lesions 57,58. On the other hand, for respiratory allergic disease, evidence has been accumulated to 

suggest that allergen-reactive Th2 cells play a triggering role in the activation and/or recruitment 

of IgE antibody-producing B cells, mast cells and eosinophils 62.  

 

The hygiene hypothesis and the Th1/Th2 paradigm might be the possible explanation for the 

inverse association between infections (Th1-mediated) and allergic disease (Th2-mediated) which 

has been displayed between tuberculosis, measles, or hepatitis A and allergic diseases 63,64. Our 

finding supports the hygiene hypothesis. Unfortunately, hygiene hypothesis cannot explain if the 

periodontitis is either Th2- or Th1/Th2-mediated immune response. Other hypotheses have been 

postulated on the positive relationship between asthma and periodontal disease. Thomas et al. 65 

found reducing of the saliva flow and concentration of immunoglobin A in patients with asthma. 

Dehydration of alveolar mucosa due to mouth breathing, an increased concentration of 

immunoglobin E in gingival tissue and repeated consuming their antiasthmatic medications may 
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also contributed to poor periodontal health 65,66. Further investigations are required before we fully 

appreciate the role of Th cells in periodontal disease as well as the role of respiratory allergic 

diseases interacting with the development of the periodontitis. 

 

Others factors also showed association with the crestal bone loss in the present study. From the 

models in multiple linear regression, we found age had strong association (P < 0.05) with DmCBL 

and DhCBL in model 1 and model 3 (Table 4A, 4C). There were studies connecting age with higher 

percentage of bone and attachment loss 67,68. However, a study from Papapanou et al. observed 

stable periodontal condition over time in different population (Japanese and Swedish) 69. In fact, 

recent evidence from epidemiologic studies supported the idea that the increasing clinical 

attachment level was a result of changes accumulating over years, rather than the result of 

periodontitis. Table 4A also showed that the medication for respiratory allergic diseases might be 

the confounder in our multiple linear regression model 4. Hujoel et al. and Rivera et al. both 

performed similar study design and their result all showed more severe periodontitis was a marker 

for reduced medication use for allergies 33,70. In the present study, it’s hard to make the same 

conclusion with previous study. First, the medication for allergy is correlated with test and control 

group (with or without RADs) which might affect the results, especially for those who has allergies. 

Second, our data only presented the subjects who self-reported presence or absence of medication 

for RADs. Further details, such as dosage, duration, and frequency, are needed to elaborate the 

association between the usage of medication for RADs and the progression of the crestal bone loss. 

Interestingly, smoking and systemic disease which associated with loss of periodontal supporting 

tissue didn’t show any significant positive association with crestal bone loss. Smoking and 

uncontrolled diabetes were considered as risk factors for periodontitis in 2017 AAP/EFP World 
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Workshop Consensus Report 71. Other systemic disease, such as Down syndrome, Papillon-

Lefèvre syndrome, osteoporosis, etc., also showed moderate to significant association with the loss 

of periodontal tissue 47. In present study, unfortunately, we don’t have detailed information for 

patient’s personal habit and/or medical history to make the conclusion, such as, whether the 

systemic disease was well-controlled or not as well as the smoking dosage and duration. This 

information might highly affect the results in our study. 

 

Moreover, the mean CBL per patient at baseline was further divided into two subsets based on the 

severity (≤ 3mm or > 3mm) and the consecutive radiographic alveolar bone loss was investigated. 

The iCBLS in control group showed significant higher DhCBL compared to iCBLs in both test 

and control group. After adjusting, however, only iCBLs in test group remained statistically 

significant (Table 5). Despite the low sample size for iCBLS in both test and control group (5 and 

16 subjects, respectively), the result might demonstrate the protective effect of the respiratory 

allergic diseases to prevent further crestal bone loss in patient who were more susceptible to 

periodontitis. Further studies including the classification of patient’s periodontal status and larger 

sample size would be recommended to confirm the finding. 

 

Due to the nature of the design of retrospective study, the findings were subjected to some 

limitations, including inconsistent dental record, non-standardized radiographs throughout study 

period, and variation of follow-up period for each subject. The small sample size after 4-year 

follow up might also affect the power of statistical tests. Recall bias from the patient’s self-reported 

smoking habit as well as their medical condition including respiratory allergic disease or other 

systemic disease might also have interference. In addition, in some situation, chronic obstructive 
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lung disease (COPD) which is commonly diagnosed after the age of 45 shares similar symptoms 

with asthma and is difficult to distinguish 72. Although the treatment of acute episodes in patients 

with COPD is similar to the treatment for asthma, including bronchodilators and inhaled 

corticosteroids, the etiology of the two diseases is totally different 72. In the present study, we 

recruited subjects at age the age of 30-39 at baseline trying to exclude COPD population. However, 

it is still suggested to have strict classification to identify the asthma. Moreover, diagnosis of the 

periodontal status, measurement of periodontal parameters, such as probing depth, clinical 

attachment level, customized sensor holder for radiographic image taken were also recommended 

for future study. 
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Conclusion 

 

The current study presented negative association between RADs and radiographic alveolar bone 

change. This negative association was statistically significant in overall DmCBL and at 1-4 years 

follow up. The iCBLS in subjects without RADs also showed significant higher DhCBL compared 

to the iCBLs in subjects with RADs. Within the limitation, the results suggested the RADs may 

have the protective effect to slow down the progression of the alveolar bone loss. Further study 

with controlled research designs and methods is needed to confirm the findings of this initial study. 
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APPENDIX A: FIGURES 

 

Figure 1. Research design flowchart 

 

 

Figure 2. Measurement of CBL 

Step 1: Mark the two reference points, CEJ and ABA 
(arrow). CEJ may be cusp tip or restoration margin if CEJ 
was not detectable or destroyed during the follow up 
period) 
 
Step 2: Draw a line follow the tooth axis (Line A) 
 
Step 3: Connect two reference point (CEJ and ABA) to 
form Line B which is parallel to the tooth axis (Line A) 
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Figure 3. Radiographic reference point 

Left: If the CEJ presents more than 1 point on a specific tooth surface of radiograph, then the 
middle average point will be selected (asterisk). Right: If the ABA presents more than one 
point in the radiograph, then the most apical one was selected (arrow). 
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APPENDIX B: TABLES 
 

Table 1. Characteristics of study population 

Patient-related factors 
Groups 

p valueb 
Test group Control group 

Age (mean ± SD) (year) 34.85 ± 2.84 34.49 ± 2.44 0.386 
Follow up year (mean ± SD) 4.21 ± 3.33 3.78 ± 2.89 0.561 

Gender 
Male (%) 34 (40.0%) 40 (47.1%) 

0.35 
Female (%) 51 (60.0%) 45 (52.9%) 

BMI (mean ± SD) 28.78 ± 6.43 
(N = 59) 

27.30 ± 5.93 
(N = 40) 0.247 

Systemic diseasesa 14(16.4%) 13(15.3%) 0.834 
Respiratory 
allergy type 

Asthma (%) 56 (65.9%) 
- - 

Allergic rhinitis (%) 29 (34.1%) 
Medication for 

allergy 
Yes (%) 47 (55.3%) 

- - 
No (%) 38 (44.7%) 

Smoking status 
Current (%) 24 (28.2%) 18 (21.2%) 

0.591 Quit (%) 4 (4.7%) 5 (5.9%) 
Never (%) 57 (67.1%) 62 (72.9%) 

SD, standard deviation; BMI, body mass index; -, not applicable 
a Systematic diseases associated with loss of periodontal supporting tissue. b P-values were from 
independent sample t-test or Mann-Whitney U test for continuous variable in group comparisons, and 
chi-square test or Fisher’s exact test for categorical variables  
 

 

Table 2. Numbers of periodontal treatment 

Periodontal treatment 
Groups 

p valueb 
Test group Control group 

Non-surgical  
periodontal treatment 

Total 45 45 
0.839 Mean ± SD 

(per patient) 0.53 ± 0.95 0.53 ± 0.89 

Surgical periodontal 
treatmenta 

Total 4 0 
- Mean ± SD 

(per patient) 0.05 ± 0.34 - 

SD, standard deviation; -, not applicable 
a Periodontal surgeries only included the procedures accessing to the root surfaces, bone architecture 
correction or regeneration of the alveolar bone. b P-values were from Mann-Whitney U test for 
continuous variables in group comparisons 
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Table 3. Radiographic CBL change 

Time 
frame CBL changesa 

Groups 
p valueb 

Test group Control group 

Overall 

N 85 85  
DmCBL (mm) 0.10 ± 0.31 0.21 ± 0.32 0.030c 

DaCBL (mm/year) 0.04 ± 0.13 0.07 ± 0.16 0.130 
DhCBL (mm) 1.41 ± 0.66 1.60 ± 0.90 0.117 

1-4 years 

N 75 75  
DmCBL (mm) 0.06 ± 0.25 0.16 ± 0.27 0.028c 

DaCBL (mm/year) 0.03 ± 0.14 0.08 ± 0.17 0.102 
DhCBL (mm) 1.34 ± 0.64 1.53 ± 0.87 0.138 

5-7 years 

N 23 13  
DmCBL (mm) 0.13 ± 0.27 0.34 ± 0.38 0.065 

DaCBL (mm/year) 0.02 ± 0.04 0.05 ± 0.06 0.081 
DhCBL (mm) 1.41 ± 0.56 1.74 ± 0.85 0.379 

8-10 years 

N 10 11  
DmCBL (mm) 0.39 ± 0.46 0.50 ± 0.45 0.588 

DaCBL (mm/year) 0.04 ± 0.05 0.05 ± 0.04 0.593 
DhCBL (mm) 1.80 ± 0.77 2.01 ± 0.75 0.537 

> 10 years 

N 4 1  
DmCBL (mm) 0.25 ± 0.96 - - 

DaCBL (mm/year) 0.01 ± 0.07 - - 
DhCBL (mm) 1.78 ± 1.31 - - 

CBL, crestal bone level; DmCBL, mean crestal bone level change; DaCBL, annual mean crestal bone 
level change; DhCBL, highest crestal bone level change, -, not applicable 
a Data are presented as mean ± standard deviation. b P-values were from independent sample t-test or 
Mann-Whitney U test for continuous variable in group comparisons. c Statistical significance is set as 
0.05 level 
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Table 4A. Multiple linear regression (DmCBL)  

Factors 
Mean crestal bone level change (DmCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.173 0.024c - 0.168 0.028c - 0.200 0.049c - 0.189 0.145 
Gender 0.064 0.397 0.046 0.551 0.074 0.475 0.071 0.501 

Age 0.164 0.031c 0.177 0.021c 0.152 0.137 0.153 0.138 
Smoking status - - - 0.063 0.406 0.002 0.985 0.002 0.986 

Systemic diseasesa - - - 0.098 0.206 - 0.174 0.096 - 0.176 0.097 
BMI - - - - 0.156 0.122 0.159 0.125 

Medication for RADs - - - - - - - 0.019 0.888 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL change. c Statistical significance is set as 0.05 level 

 

Table 4B. Multiple linear regression (DaCBL)  

Factors 
Mean crestal bone level change (DaCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.112 0.146 - 0.107 0.168 - 0.072 0.491 - 0.001 0.993 
Gender 0.111 0.149 0.110 0.162 0.080 0.454 0.063 0.563 

Age 0.054 0.479 0.060 0.441 0.012 0.911 0.018 0.865 
Smoking status - - - 0.074 0.340 - 0.006 0.957 - 0.006 0.957 

Systemic diseasesa - - - 0.009 0.914 - 0.022 0.841 - 0.034 0.756 
BMI - - - - 0.132 0.211 0.150 0.163 

Medication for RADs - - - - - - - 0.118 0.393 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL change. 
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Table 4c. Multiple linear regression (DhCBL)  

Factors 
Mean crestal bone level change (DhCBL) 

Model 1 Model 2 Model 3 Model 4 
b-slope p-valueb b-slope p-valueb b-slope p-valueb b-slope p-valueb 

RADs - 0.127 0.099 - 0.122 0.113 - 0.133 0.196 - 0.147 0.265 
Gender 0.068 0.373 0.060 0.439 - 0.006 0.957 - 0.002 0.983 

Age 0.159 0.038c 0.167 0.032c 0.103 0.321 0.102 0.331 
Smoking status - - - 0.062 0.421 0.033 0.751 0.033 0.753 

Systemic diseasesa - - - 0.043 0.585 - 0.155 0.146 - 0.152 0.157 
BMI - - - - 0.171 0.098 0.167 0.114 

Medication for RADs - - - - - - 0.023 0.865 
RADs, respiratory allergic diseases, BMI, body mass index, -, not applicable 
a Systematic diseases which associated with loss of periodontal supporting tissue. b P-values were from multiple linear 
regression for analysis of CBL changes. c Statistical significance is set as 0.05 level 

 

Table 5. CBL changes in different initial periodontal status 

 Groups N Mean ± SD 
95% confidence interval  

for mean p-valuea 
Lower Bound Upper Bound 

DmCBL 
(mm) 

Test 
iCBLs 80 0.10 ± 0.31 0.0385 0.1777 

0.136 
iCBLS 5 - 0.03 ± 0.21 - 0.2901 0.2381 

Control 
iCBLs 69 0.20 ± 0.33 0.1236 0.2810 
iCBLS 16 0.22 ± 0.29 0.0626 0.3762 

DaCBL 
(mm/year) 

Test 
iCBLs 80 0.04 ± 0.13 0.0088 0.0669 

0.274 
iCBLS 5 - 0.01 ± 0.08 - 0.1079 0.0959 

Control 
iCBLs 69 0.08 ± 0.16 0.0376 0.1161 
iCBLS 16 0.03 ± 0.12 - 0.0317 0.1161 

DhCBL 
(mm) 

Test 
iCBLs 80 1.38 ± 0.66c 1.2377 1.5298 

0.024b 
iCBLS 5 1.76 ± 0.68 0.9151 2.6049 

Control 
iCBLs 69 1.46 ± 0.69 1.2937 1.6252 
iCBLS 16 2.19 ± 1.38c 1.4523 2.9227 

DmCBL, mean crestal bone level change; DaCBL, annual mean crestal bone level change; DhCBL, highest crestal bone 
level change; iCBLs, initial mean crestal bone level per patient at baseline ≤ 3 mm; iCBLS, initial crestal bone level 
per patient at baseline > 3 mm; SD, standard deviation 
a P-values were from one-way ANOVA and Kruskal-Wallis test for CBL changes between iCBLs and iCBLS in test 
and control group. b Statistical significance is set as 0.05 level. c The difference between iCBLS in control group and 
iCBLs in test group was statistically significant. 
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