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Abstract 

Sanative therapy (ST) can be a highly effective first-line therapy for periodontal disease. 

However, even after successful ST, patients require life-long periodontal maintenance therapy (PMT) to 

maintain their periodontal health. As a result of the COVID-19 global pandemic, stay-at-home orders and 

other public health measures resulted in many patients missing or delaying their regularly scheduled PMT 

appointments. The primary objective of this study was to determine, at 5 to 10 years post-ST, if patients 

who delayed their appointments as a result of COVID-19 experienced significant changes in periodontal 

probing depth (PPD), bleeding on probing (BOP), and plaque index (PI) compared to patients without 

appointment delays. Additionally, lifestyle factors such as dietary intake, physical activity, and oral 

hygiene behaviors were hypothesized to have been altered because of the COVID-19 pandemic, and 

interview questions were used to capture these changes. The study was completed at a private periodontal 

clinic. Patient medical and dental history data was collected retrospectively from patient charts. Due to 

challenges with recruitment, a subset of the required sample size was studied with findings providing 

pilot data for a larger future study. Study participants (n = 12) were asked to complete two different 

physical activity questionnaires, a 24-hour dietary recall, and a supplement and tea questionnaire online. 

Furthermore, a short virtual interview was used to ask participants how they felt COVID-19 impacted 

several lifestyle factors. At 5 to 10 years post-ST, a short delay in PMT appointments of 2 – 6 months did 

not significantly affect PPD, BOP and PI. Most participants reported changes to physical activity (80%) 

and diet (80%), but no changes to oral hygiene behaviors (90%). Overall, physical activity, diet, and body 

mass index data in the study sample closely aligned with findings from larger studies that have assessed 

these aspects in the Canadian population. This pilot study should be used to design future studies aimed 

at investigating the relationship between periodontal health and behavioral changes resulting from the 

COVID-19 pandemic.  
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1.1 Periodontal Disease 

Periodontal disease is a general term used to describe diseases affecting the periodontium which is 

made up of the gingiva, alveolar bone, periodontal ligament, and other connective tissue; these structures 

are important for anchoring the teeth (Williams, 1990). As one of the most prevalent oral diseases, 

periodontal disease affects approximately 50% of adults worldwide (Kassebaum et al., 2014; 

Lertpimonchai et al., 2017; Petersen & Ogawa, 2012). Disease risk increases with age, and data from the 

2009 and 2010 National Health and Nutrition Examination Survey (NHANES) suggests that in the 

United States, 64% of adults over that age of 65 have either moderate or severe periodontitis (Eke et al., 

2012). In Canada, it is estimated that 7 out of 10 Canadians will experience periodontal disease during 

their lifetime (Canadian Dental Association, n.d.).  

The most common periodontal diseases are gingivitis and periodontitis. The two exist along a 

continuum – gingivitis is less severe than periodontitis but can progress into the more severe form of 

periodontal disease if left untreated. When gingivitis is present, the gums become red, swollen, and bleed 

easily upon provocation – this is due to the body’s immune response to the microorganisms in plaque that 

accumulate on tooth surfaces (Christofoli et al., 2019). Periodontitis is a result of the inflammatory 

immune response extending beyond the gingiva and into other areas of the periodontium at and below the 

gingival margin such as the periodontal ligament and alveolar bone (Chapple et al., 2015; Williams, 

1990). As a result, periodontal pockets form, alveolar bone resorption can occur, and connective tissue is 

lost, resulting in irreversible damage (Williams, 1990). This destruction can be caused by local plaque 

accumulation but may also reflect an inadequate immune response. For example, inflammatory diseases 

including diabetes and human immunodeficiency virus infection can predispose individuals to 

periodontal disease (Loesche & Grossman, 2001; Petersen & Ogawa, 2012).  
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The high prevalence of periodontal disease is concerning due to its impact on patient quality of 

life, associated cost of treatment, and the high number of chronic diseases associated with periodontal 

disease (Chapple et al., 2015; Martinez-Herrera et al., 2017; Martínez-Maestre et al., 2010; Petersen & 

Ogawa, 2012; Wang & McCauley, 2016). Additionally, periodontal disease is a leading cause of tooth 

loss in adults. Tooth loss resulting from periodontitis can have negative effects on speech, nutrition, self-

esteem, and quality of life, and is independently associated with several chronic systemic inflammatory 

diseases (Chapple et al., 2015). Once a patient has periodontitis and they are successfully stabilized, they 

will need life-long periodontal maintenance to maintain a state of oral health. Therefore, it is important to 

determine predictors of periodontal health in patients living with periodontitis. 

1.1.1 Classification of Periodontal Diseases 

            A new classification system for periodontal disease was adopted by the European Federation of 

Periodontology and American Academy of Periodontology in 2018 (Appendix 8.1). This classification 

system was developed to replace the 1999 classification system and provide more consistent clinical 

diagnoses (Chapple et al., 2015). The terms chronic periodontitis, previously defined as “the forms of 

destructive periodontal disease that are generally characterized by slow progression” and aggressive 

periodontitis, “a diverse group of highly destructive forms of periodontitis affecting primarily young 

individuals” are no longer used in the 2018 classification system (Papapanou et al., 2018) – instead, 

periodontal disease is now classified into three main categories: a) periodontal health, gingival disease 

and conditions; b) periodontitis; and c) other conditions affecting the periodontium (Appendix 8.1) 

(Dietrich et al., 2019). For the purposes of this research, the focus will be on category b), periodontitis. 

Once a patient is recognized as having periodontitis, they can be further classified into one of the 

following categories: necrotizing periodontitis, periodontitis, and periodontitis as a manifestation of 

systemic disease (Appendix 8.1). A main feature of periodontitis is loss of periodontal tissue support due 
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to inflammation (Papapanou et al., 2018).  The differential diagnosis is based on patient history and the 

presence or absence of the specific signs and symptoms of necrotizing periodontitis and systemic disease. 

With necrotizing periodontal disease, there is a strong association with impairment of the host immune 

system and three clinical features – papilla necrosis, bleeding, and pain – are typically prominent 

(Papapanou et al., 2018). For a diagnosis of periodontitis as a manifestation of systemic disease, only 

“systemic characteristics of a rare immune disorder with a secondary manifestation of periodontitis” 

should be included (Papapanou et al., 2018, p.179). The remaining cases are diagnosed as periodontitis. 

All three categories can be further characterized using the staging (I, II, III, or IV) and grading (A, B or 

C) system (Appendix 8.1). Staging indicates disease severity while grading indicates disease 

susceptibility (Dietrich et al., 2019). Clinically meaningful descriptions of periodontitis also include the 

proportion of sites that bleed on probing (BOP), the number and proportion of teeth with a periodontal 

probing depth (PPD) ≥ 4 mm and ≥ 6 mm, and the number and proportion of teeth with clinical 

attachment loss (CAL) ≥ 3 mm and ≥ 5 mm (Papapanou et al., 2018). Using these criteria, both clinicians 

and researchers can accurately determine the progress of patients and establish whether treatment is 

successful. Successful management of periodontitis allows patients to achieve periodontal health, which 

is defined as the “absence of clinically detectable inflammation” (Chapple et al., 2018). According to this 

newly defined term for periodontal health, this includes patients with a reduced periodontium (Dietrich et 

al., 2019). However, such patients are more prone to relapse, and will require continual monitoring and 

management. 

1.1.2 Clinical Measures of Periodontal Health 

The periodontal parameters used in the new classification system for periodontal disease include 

PPD, CAL, BOP, and the number and proportion of missing teeth (Papapanou et al., 2018). In the present 

study, PPD and BOP and were used to measure periodontal health. CAL is a periodontal parameter that 

accounts for both PPD and recession. However, while CAL is considered the gold standard for assessing 
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periodontal health, PPD was selected as the primary outcome of interest for this study as CAL represents 

previous bone loss while PPD is used to diagnose current periodontal disease (Gupta et al., 2015). PPD is 

measured using a periodontal probe to measure the distance from the gingival margin to the base of the 

gingival sulcus. In a healthy patient, PPD should be less than 3 mm (Chapple et al., 2018). Increases in 

PPD may occur due to gingival swelling that can be a result of inflammation from active periodontal 

disease, or due to reductions of the periodontium. Another periodontal parameter, BOP, assesses areas of 

active inflammation and is usually measured as “bleeding provoked by applying a probe to the bottom of 

a sulcus/pocket” (Lang & Bartold, 2018, p. S12). BOP is an important marker of periodontal 

inflammation which can be used to assess treatment outcomes and residual disease risk post-treatment 

although it is not generally used to classify periodontitis severity (Tonetti et al., 2018). Sites that 

demonstrate BOP with a light pressure of 0.25 Newtons are associated with “a significantly increased 

percentage of cell-rich and collagen-reduced connective tissue but no increase in vascularity or vessel 

lumen size that would justify the bleeding tendency” (Lang & Bartold, 2018, p. S12). Bleeding is a sign 

for gingivitis, occurring before redness and swelling are present. In a healthy mouth, the number of BOP 

sites should be less than 10% of total sites. It is recommended that BOP should be measured at regularly 

scheduled intervals. This will allow for accurate assessment of periodontal status and allow for timely 

prevention of disease progression (Fritz et al., 2018). Additionally, plaque index (PI) scores are a useful 

measure of the patient’s oral hygiene habits. While PI is not used to classify periodontal disease, it 

represents the number of teeth with visible plaque and is a common parameter in periodontal disease 

assessment due to the information it provides on the patient’s oral hygiene diligence.  

1.1.3 Treatment of Periodontitis 

Sanative therapy (ST) is a cost-effective non-surgical treatment option for periodontal patients and 

is the “gold standard” initial treatment for periodontitis (Canadian Agency for Drugs and Technologies in 

Health, 2016; Sanz et al., 2020). ST is generally performed in a periodontal specialty clinic by a 
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registered dental hygienist with specialized training. ST is used to clean the mouth via scaling and root 

planing. Scaling is the “instrumentation of the crown and root surfaces of the teeth to remove plaque, 

calculus, and stains from these surface” while root planing is “designed to remove cementum or surface 

dentin that is rough, impregnated with calculus, or contaminated with toxins or microorganisms” 

(Periodontology AAO: Glossary of Periodontal Terms. 4th Edition, 2001). In this way, the etiological 

agent causing periodontal disease is removed, and healing and some reattachment of the supporting 

structures is possible (Caton et al., 1980; Darby, 2009; Sanz et al., 2012; Sanz et al., 2020). The goal of 

this treatment is to attenuate the spread of periodontal infection and restore gingival health. This can 

prevent tooth loss and restrict bacteria from periodontal infections from entering the blood stream and 

affecting other areas of the body modulating other chronic diseases. If ST is ineffective, surgical 

interventions such as regenerative procedures or periodontal pocket reduction procedures may be needed 

to treat periodontal disease (Caton et al., 1980; Costa et al., 2015; M. Sanz et al., 2020). However, 

successful ST can prevent the need for surgery if the disease is identified early enough, the patient 

adheres to a strict oral hygiene regimen, and attends follow-up appointments post-ST (Costa et al., 2015; 

Darby, 2009; Delatola et al., 2014; Gartenmann et al., 2019; Sparrow et al., 2020). 

Following ST and other periodontal treatments, patients enter a period of periodontal healing, 

defined as “the process of repair or regeneration of injured, lost, or surgically-treated tissue” 

(Periodontology AAo: Glossary of Periodontal Terms. 4th Edition, 2001). Periodontal healing is 

dependent on the resolution of inflammation and reactive oxygen species (D’Aiuto et al., 2004; Tamaki et 

al., 2008). Studies have identified factors associated with periodontal healing to include smoking status 

and diet (Dodington et al., 2015; Heasman et al., 2006; Lau et al., 2013). Regardless of smoking status, a 

marked reduction in PPD, BOP and PI is present in the post-ST healing phase as tissue regeneration and 

reattachment occur (Darby, 2009; Dodington et al., 2015). Once the initial stage of periodontal healing is 
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complete, patients enter the maintenance phase. Maintenance refers to “procedures performed at selected 

intervals to assist the periodontal patient in maintaining oral health” (Periodontology AAO: Glossary of 

Periodontal Terms. 4th Edition, 2001), and the goal of this phase is for patients to remain clinically stable 

and prevent further disease progression.  

Treatment of patients with periodontitis is individualized, however all patients will require 

continual maintenance at personalized intervals. This is often referred to as periodontal maintenance 

therapy (PMT). The goal of PMT is to prevent recurrence or progression of periodontitis and is achieved 

by ensuring the removal of biofilm and calculus and reinforcing oral hygiene instructions (Costa et al., 

2015).  The frequency of PMT visits tend to vary between 3-, 4-, 6- or 12-month intervals depending on 

the patient’s risk profile (Costa et al., 2015). Patients may be treated at a specialized periodontal clinic, 

return to the general dental clinic, or alternate between a periodontist and a dentist for PMT. In patients 

who attended PMT appointments at least every 6 months, recurrence of periodontitis was found to be 

significantly lower compared to patients who did not attend as regularly in a prospective cohort study of 

265 patients over a 5-year period (Costa et al., 2015). Levels of inflammatory cytokines (specifically 

interleukin (IL)-1, IL-6 and tumor necrosis factor alpha (TNF-α)) in gingival crevicular fluid (GCF) were 

also found to be correlated with worse periodontal parameters in periodontal patients who did not 

maintain regular PMT appointments over a 6-year interval (Costa et al., 2018). In this same study, 

patients who maintained regular appointments for 6 years were able to sustain the clinical (significant 

improvements in PPD, BOP and PI) and immunological (significant reduction in gingival crevicular fluid 

levels of IL-1β, TNF-α, and IL-6) benefits that were obtained during their initial periodontal treatment 

(Costa et al., 2018). Overall, PMT appointments are part of a successful periodontitis treatment plan and 

are essential for maintaining periodontal health in patients. 
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1.1.4 Risk Factors for Periodontal Disease 

Periodontal disease is multifactorial – while plaque accumulation contributes significantly to 

disease risk, many individuals with high levels of plaque do not develop periodontitis, whereas others 

who are diligent with oral hygiene may be at high risk. Risk factors for periodontal disease are often 

defined as modifiable and non-modifiable (Figure 1.1).  

 

Figure 1.1 Periodontal Disease Risk Factors: Non-modifiable risk factors for periodontal disease, 

illustrated in yellow, include an older age, being a male, and some genetic factors. Modifiable risk 

factors, illustrated in blue, include obesity, poor diet, low level of physical activity, osteoporosis, diabetes 

mellitus, and some chronic diseases such as cardiovascular disease, habits such as oral hygiene, smoking, 

and maintenance of regular dental appointments, some medications, and low socioeconomic status. One-

way arrows demonstrate the direction of risk (i.e. older age is a risk factor for periodontal disease). Poor 

diet, diabetes, and other chronic diseases are represented with a bidirectional arrow as these risk factors 

can also contribute to development and progression of periodontal disease. Periodontal disease can affect 
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the development of certain chronic diseases (i.e. diabetes and cardiovascular disease), inhibit intake of 

certain nutritious foods (i.e. raw fruits and vegetables), and promote intake of easier to consume foods 

that also tend to be less nutritious foods (i.e. high fat foods, fewer fruits and vegetables). 

1.1.4.1 Modifiable Risk Factors 

The development and progression of periodontal disease can be modified by numerous factors 

(Figure 1.1). These include poor oral hygiene, smoking and tobacco use, diet, stress, obesity, chronic 

diseases such as cardiovascular disease (CVD), rheumatoid arthritis, type II diabetes, and osteoporosis, 

and some medications (oral contraceptives, anti-depressants) (Genco et al., 1999; Gum Disease Risk 

Factors, n.d.; Güncü et al., 2005; Nishida et al., 2000a; Petersen & Ogawa, 2012; Pitiphat et al., 2003; 

Sandberg et al., 2001; Tezal et al., 2001; Vasudevan et al., 2013). In fact, the new classification of 

periodontal diseases takes some of these risk factors into account in the grading of periodontal disease – 

both smoking and glycemic control in diabetic patients are recognized as grade modifiers due to their 

well-established associations with periodontal disease (Papapanou et al., 2018). 

Lifestyle Factors 

Lifestyle factors, such as oral hygiene and smoking/tobacco use, are perhaps the most important 

modifiable risk factors for periodontal disease (Chapple et al., 2015). Mechanical plaque removal, a 

component of oral hygiene, is described as the bedrock of successful periodontal disease management 

and is needed to sustain periodontal health (Chapple et al., 2015). Inadequate plaque removal can occur 

with improper tooth brushing, failure to complete interdental cleaning, and infrequent professional dental 

cleanings (Bakdash, 1994; Lertpimonchai et al., 2017). Successful periodontal treatment is also reliant 

upon smoking cessation. The negative effects of smoking on periodontal health have been demonstrated 

through epidemiological, clinical, and in vitro studies (Barbour et al., 2014; Bergström et al., 2000a, 

2000b). Smokers are more likely to develop periodontal disease than the general population and to also 

develop the disease earlier in life than non-smokers (Warnakulasuriya1 et al., 2010). Tobacco use has 
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negative impacts on alveolar bone as well as associated soft tissues, damaging gingival fibroblasts, 

compromising tissue repair, and inducing microvascular vasoconstriction and fibrosis (Albandar et al., 

2000; Barbour et al., 2014; Chapple et al., 2018). Tobacco smoke also affects host immune response 

which may increase susceptibility to periodontal disease (Warnakulasuriya1 et al., 2010). While smoking 

has a clear negative affect on periodontal health, smoking can mask clinical signs of gingivitis despite 

significant underlying pathological inflammatory cell infiltrate (Chapple et al., 2018).  

While a strong body of evidence supports the roles of oral hygiene and tobacco use in periodontal 

disease risk, there is far less evidence on other lifestyle factors such as diet and physical activity, thus 

causing these factors to be of interest in this study. Despite the limited research, current evidence supports 

the role of diet in periodontal disease risk – malnutrition has been identified as a periodontal disease risk 

factor by the American Academy of Periodontology (Dommisch et al., 2018; Garneata et al., 2015; Gum 

Disease Risk Factors, n.d.). In particular, low levels of serum calcium and low intake of antioxidant 

micronutrients such as vitamins C, E and β-carotene have been significantly correlated with higher levels 

of periodontal disease (Chapple et al., 2017; Iwasaki et al., 2013; Nishida et al., 2000a, 2000b). 

Additionally, results from studies on macronutrients suggest that a diet low in carbohydrates, specifically 

sugar, and high in dietary fibre may help reduce periodontal inflammation (Merchant et al., 2006; Sidi & 

Ashley, 1984), while a diet high in saturated fatty acids may contribute to inflammation and periodontal 

disease progression (Iwasaki et al., 2011). Moreover, the relationship between diet and periodontal 

disease risk appears to be bi-directional (Figure 1.1). Severe periodontal disease and its resulting tooth 

loss have negative implications for quality of life including poorer nutrition (Chapple et al., 2015) which 

in turn can lead to nutrient deficiencies that may worsen periodontal disease. For example, the tooth loss 

that can result from periodontitis promotes intake of easier to consume foods which tend to be less 

nutritious, such as a higher consumption of high fat foods and lower consumption of fruits and vegetables 
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(Beaudette et al., 2017). Consuming this type of diet can result in poor nutrition, thus contributing to an 

increased risk of chronic disease (Beaudette et al., 2017).  

Studies on physical activity and periodontal disease are even more scarce. While limited evidence 

exists, a recent systematic review and meta-analysis found that participants who engaged in physical 

activity more frequently had a lower prevalence of periodontitis (Ferreira et al., 2019). Inadequate levels 

of physical activity and poor diet can also contribute to obesity, another independent risk factor of 

periodontal disease (Gaio et al., 2016; Papageorgiou et al., 2015). Obesity has been significantly 

associated with higher prevalence of periodontitis; this has been demonstrated through many studies (Al-

Zahrani et al., 2005a), systematic reviews (Chaffee & Weston, 2010; Martinez-Herrera et al., 2017; 

Suvan et al., 2011) and narrative reviews (Genco & Borgnakke, 2013; Marchetti et al., 2012). Studies 

relating physical activity, diet, obesity and periodontal disease will be discussed further in a later section. 

Chronic Diseases 

Chronic diseases such as metabolic syndrome, diabetes, and obesity have been associated with 

periodontal disease risk (Goyal et al., 2017; Jepsen et al., 2020; C. W. Wang & McCauley, 2016). 

Undiagnosed or uncontrolled diabetes is one example – a high level of evidence supports an increased 

risk of periodontitis in patients with diabetes and a dose-response relationship between blood glucose 

levels and periodontal disease risk (Chapple et al., 2017; Lamster et al., 2014). Moreover, patients with 

diabetes and periodontal disease show an increased risk of diabetic complications such as ketoacidosis, 

retinopathy and neuropathy when compared to patients with diabetes but without periodontal disease 

(Marchetti et al., 2012). Evidence suggests that proper periodontal disease management can improve 

control of diabetes and likewise diabetes management can improve periodontal health (Herring & Shah, 

2006; P. M. Preshaw et al., 2012; Taylor et al., 1996; Tsai et al., 2002). Thus, the relationship between 

periodontal disease and diabetes is bidirectional (Figure 1).  
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Osteoporosis is another chronic disease associated with periodontal disease (Goyal et al., 2017; 

Gum Disease Risk Factors, n.d.) – both share numerous risk factors, and are characterized by bone 

resorption (Wang & McCauley, 2016). Several studies have found relationships between lower bone 

mineral density (BMD) at the hip and/or spine and periodontal measures such as greater tooth loss, 

alveolar bone loss, and CAL (Esfahanizadeh et al., 2013; LaMonte et al., 2013; Martínez-Maestre et al., 

2010; Payne et al., 1999; Penoni et al., 2017; Singh et al., 2014). Some studies suggest that the 

relationship between osteoporosis and periodontal disease is bi-directional (Goyal et al., 2017; LaMonte 

et al., 2013; Wang & McCauley, 2016), and recognize that post-menopausal women are at risk of 

periodontal disease, particularly if they already have osteoporosis. However, high quality evidence is 

lacking, and more longitudinal and intervention studies are needed to support this claim.  

Medications 

Several medications have been found to increase the risk of periodontal disease (Domingues et al., 

2012; Gum Disease Risk Factors, n.d.; Hughes & Bartold, 2018). A recent review summarizes drugs with 

known effects on periodontal health including calcium channel blockers, anti-platelet drugs, anti-cytokine 

therapies, immunosuppressive agents, anti-cancer therapies, statins, hormone replacement therapy drugs 

and more (Hughes & Bartold, 2018). These drugs may influence periodontal health by affecting gingival 

bleeding, causing gingival overgrowth, affecting inflammatory processes in periodontal tissues, and may 

also influence periodontal breakdown (Hughes & Bartold, 2018). Another medication that has been 

studied in relation to periodontal disease is the oral contraceptive pill. While current day oral 

contraceptives have lower doses of estrogen and progesterone, “first generation” oral contraceptives that 

had higher levels of estrogen have been associated with gingival inflammation (Domingues et al., 2012; 

Machtei et al., 2004; Mullally et al., 2007), gingival enlargement, and increases in gingival crevicular 

fluid production (Machtei et al., 2004). However, oral contraceptives are no longer considered a risk 
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factor for periodontal disease under the new 2017 periodontal classification system as current oral 

contraceptives now contain lower concentrations of hormones and do not have the same affect that were 

reported in earlier studies (Murakami et al., 2018). Despite this change, there are few high-quality studies 

of current day oral contraceptives and periodontal disease risk. One systematic review of current evidence 

concluded that while evidence for oral contraceptives as a risk factor for periodontal disease was low, 

there was more evidence to support an effect of oral contraceptives on existing periodontal disease rather 

than its initiation (Akcalı et al., 2018). This may be due to the involvement of estrogen (Mullally et al., 

2007; Prachi et al., 2019). 

Estrogen 

            Evidence supporting the involvement of estrogen in periodontal disease is largely based on studies 

of women during pregnancy, puberty, and with use of oral contraceptives – states in which estrogen 

levels are elevated (Ali et al., 2016; Asnani et al., 2014). Additionally, estrogen deficiency associated 

with menopause is the main risk factor for osteoporosis and suggests involvement of estrogen deficiency 

in periodontal risk as well (Genco & Grossi, 1998; LaMonte et al., 2013; Tezal et al., 2000; Wang & 

McCauley, 2016; Xu et al., 2015). Given evidence supporting a bidirectional relationship between 

osteoporosis and periodontal disease (Wang & McCauley, 2016), this may suggest an influence of 

menopause on periodontal risk as well. For these reasons, lifetime estrogen exposure was included in our 

analysis. Estrogen and its relation to periodontal disease will be discussed more in a later section. 

1.1.4.2 Non-Modifiable Risk Factors 

The non-modifiable risk factors for periodontal disease consist of genetics, age and sex (Billings 

et al., 2018; R.J. Genco et al., 1999; Oppermann et al., 2015) - a review by Genco & Borgnakke (2013) 

states that older, male, and non-white individuals are more likely to develop periodontitis. Although oral 

bacteria are necessary to initiate periodontal disease, these non-modifiable risk factors are recognized as 
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strong determinants of periodontal disease development and progression. Twin and family studies have 

been used to gather data on genetic involvement in periodontal disease (Laine et al., 2010). One identical 

twin study found that approximately 50% of chronic periodontitis may be due to genetic factors 

(Michalowicz et al., 2000). Other studies have sought to determine specific genes and polymorphisms 

and their relation to periodontal disease, resulting in certain genes being associated with periodontitis 

(Masumoto et al., 2019). In several older studies, interleukin genes showed an association with 

periodontal disease, however more recent studies do not validate these results (Masumoto et al., 2019; 

Michalowicz et al., 2000; Shimizu et al., 2015; Teumer et al., 2013; Vijayalakshmi et al., 2010). More 

recently, three genes – glycosyltransferase 6 domain containing 1 (GLT6D1), defensin α1 and 

α3 (DEFA1A3), and sialic acid-binding Ig-like lectin 5 (SIGLEC5) – have been identified as potential 

genetic risk factors for aggressive periodontitis and DEFA1A3 and SIGLEC5 are also associated with 

chronic periodontitis (Masumoto et al., 2019). The terms chronic and aggressive are no longer used to 

describe periodontitis as per the new classification system, however these findings are still relevant.  

While age and sex are both known to be risk factors for periodontal disease, there is some debate 

as to the underlying causes of these associations. Large, global, population-based surveys have 

demonstrated that a sexual dimorphism exists in the prevalence of periodontal disease (Burt, 2005; 

Carasol et al., 2016; Eke et al., 2012; Grover et al., 2016; Oppermann et al., 2015; Sun et al., 2020). The 

prevalence of severe periodontitis is approximately 4.6% - 12.7% greater in males compared to females, 

depending on the diagnostic criteria used and age of participants included (Shiau, 2018). However, the 

underlying cause may be a result of oral hygiene habits – associations between older age and poorer oral 

hygiene have been shown (Genco, 1996; Shah & Sundaram, 2004). Similarly, oral hygiene habits are 

demonstrated to be significantly greater in females compared to males (Burt, 2005; Coda Bertea et al., 

2007; Genco & Borgnakke, 2013; Sun et al., 2020). Moreover, recent reviews suggest sex-based 
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differences in immune health and immunosenescence could also play a role in periodontal disease 

(Ebersole et al., 2016; Preshaw et al., 2017; Shiau, 2018; Shiau & Reynolds, 2010). Of interest, estrogen 

is known to have immune affects, and has previously been shown to act on periodontal tissues 

(Jitprasertwong et al., 2016; Nebel et al., 2011; Shu et al., 2008). Overall, there is some evidence to 

support both genetic and environmental mechanisms leading to sex differences in periodontal disease risk 

and progression.  

Despite the large body of research exploring periodontal disease risk factors, far fewer studies are 

focused on predictors of tooth loss and other measures of periodontal health during long-term PMT. 

Factors that have been studied included age, smoking status, and initial tooth prognosis (Chambrone et 

al., 2010). Age, sex, BMI, smoking status, and initial PPD were included in this research based on their 

previously identified roles in periodontal health. However, this research was aimed at identifying if 

lifestyle behaviors other than smoking – such as diet and physical activity- are associated with 

periodontal health during the maintenance phase post-ST. 

1.1.5 Lifestyle Factors as Predictors During Periodontal Maintenance  

In the United States, prevalence of periodontitis varies based on socioeconomic factors such as 

race/ethnicity, income, and education (Elani et al., 2012). While a nationally representative study on 

prevalence of periodontitis related to socioeconomic status does not exist in Canada, Canada and the 

United States demonstrated similar disparity gradient patterns (Elani et al., 2012). Thus, lifestyle factors 

may play a role in periodontal disease development in Canada since smoking, physical activity and diet 

are influenced by socioeconomic factors (Al-Zahrani et al., 2005a; Azagba & Sharaf, 2011; Corsi et al., 

2013; Janssen et al., 2006). In a study using data from the third National Health and Nutrition 

Examination Survey (NHANES III), “a 1-unit increase in the number of three health-enhancing behaviors 

was associated with a 16% reduction in the prevalence of periodontitis” after controlling for 
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socioeconomic and other periodontal disease risk factors (Al-Zahrani et al., 2005a). These three behaviors 

are maintaining a normal weight (BMI between 18.5 to 24.9 kg/m2), engaging in the recommended levels 

of exercise (≥5 episodes of moderate or ≥3 episodes of vigorous intensity physical activity per week), and 

consuming a high-quality diet (Healthy Eating Index (HEI) >80). In this study, body weight was assessed 

using BMI cut-off points based on World Health Organization Guidelines (WHO Consultation on 

Obesity, 1998), diet information was collected using a 24-hour dietary recall and assessed using the HEI 

developed by the United States Department of Agriculture (Bowman et al., 1998), and physical activity 

was assessed using a questionnaire assessing the frequency of participation in nine leisure-time physical 

activities  (National Center for Health Statistics, 1994). While the overall benefits of a healthy diet, 

regular exercise, and weight management are well known and widely promoted, their role in periodontal 

health is not well understood. Based on analysis of NHANES III data, individuals who maintained a 

normal body weight, engaged in recommended levels of exercise, and consumed a high-quality diet were 

40% less likely to have periodontitis compared to individuals who did none of the three (Al-Zahrani et 

al., 2005a). While all three factors have been studied in relation to periodontal disease risk, there is a 

paucity of data on their potential impact during the maintenance stage of periodontal treatment (post-ST). 

Existing evidence relating these three lifestyle factors to periodontal health, with a focus on the PMT 

phase, will be discussed in the following sections. Obesity, physical activity, and diet, as measured by 

BMI, physical activity questionnaires, and a 24-hour dietary recall questionnaire respectively, were used 

to study the relationship with periodontal maintenance in this study. 

1.1.5.1 Diet and Maintenance of Periodontal Health 

Several reviews have identified diet as playing an important role in the development and 

progression of periodontal disease (Al-Zahrani et al., 2005a; Genco & Borgnakke, 2013; Kesim et al., 

2016; Lau et al., 2013; Moynihan, 2005; Petersen & Ogawa, 2012). Of particular interest, intake of foods 
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with high antioxidant and anti-inflammatory activity has been associated with a reduced risk of 

periodontal disease (Chapple et al., 2007; Iwasaki et al., 2013; Kuzmanova et al., 2012; Nishida et al., 

2000). In a study of NHANES III participants, serum concentrations of vitamin C, bilirubin, and total 

antioxidant level were inversely associated with periodontitis, with a stronger association shown in severe 

disease (Chapple et al., 2007). In a two-year retrospective cohort study (Iwasaki et al., 2013), intake of 

dietary antioxidants (vitamin C, vitamin E, α-carotene and β-carotene) were assessed with a validated 

food frequency questionnaire, and higher intake of dietary antioxidants was inversely associated with the 

number of teeth. In a small study of twenty-one periodontal disease patients and twenty-one healthy 

controls, dietary vitamin C was assessed using a self-administered dietary record and serum vitamin C 

concentrations were also measured. The results of this study found serum vitamin C to be lower in those 

with periodontitis compared to controls (Kuzmanova et al., 2012). This was confirmed in another study 

using NHANES III data which assessed dietary vitamin C intake with a 24-hour dietary recall and found 

a dose-response relationship between dietary vitamin C and periodontal disease (Nishida et al., 2000). In 

addition to studies of the antioxidant and anti-inflammatory properties of diet, diet has also been found to 

influence periodontal disease through additional local and systemic effects. The type and amount of food 

being consumed by an individual influences the oral microbiome – this food provides a direct nutrient 

source to the plaque biofilm and has been linked with the development and survival of the biofilm 

(Bowden & Li, 1997). The natural texture of foods has been suggested to reduce plaque accumulation – a 

soft diet lacking in fruits and vegetables may contribute to periodontal disease development by increasing 

plaque accumulation (Newman, 1974). However, diets low in fruits and vegetables may also lack 

polyphenols or other bioactives with potential antioxidant and ant-inflammatory properties, so this could 

also explain the association observed. Additionally, diet plays an important role in immune health (Weyh 
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et al., 2020; Wolfe et al., 2008), and a healthy diet can directly affect the virulence of infective 

microorganisms and improve resistance to infection in an individual (Boyd & Madden, 2003).  

While most studies focus on periodontal disease risk, diet has been reviewed for its potential role 

in wound healing following periodontal surgery, though evidence is limited as few studies exist (Lau et 

al., 2013). Four double-blind, randomized control studies of supplement use following periodontal 

surgery were the only studies Lau et al. (2013) found to associate components of diet in relation to post-

operative periodontal healing in their review. These studies reported selenium (Zimmermann et al., 

2005), vitamin B12 (Barroso et al., 2006), vitamin B complex (Neiva et al., 2005), and vitamin D 

(Bashutski et al., 2011) supplements to have significant positive effects on surgical outcomes up to one-

year post-surgery. These micronutrients resulted in reductions in lymphedema for 3 weeks after oral 

tumor surgery (Zimmermann et al., 2005), lower pain scores following tooth extraction, (Barroso et al., 

2006), greater clinical attachment levels in chronic periodontitis patients 30 days after undergoing access 

flap surgery (Neiva et al., 2005), and improved CAL and reduced PPD for in patients with severe chronic 

periodontitis (who were vitamin D sufficient pre-surgery) for up to one year post-surgery (Bashutski et 

al., 2011), respectively. Thus, it was speculated that the antioxidant properties of selenium and important 

role of B vitamins in energy metabolism may facilitate periodontal healing and vitamin D may have 

favorable effects on bone metabolism and immunomodulatory activity (Lau et al., 2013). Despite this 

evidence, there is a paucity of data on the impact of diet in periodontal health post-ST, and most studies 

are short-term.  

The existing evidence on the role of diet in periodontal maintenance is based on three studies. All 

three studies suggest an association between antioxidant and anti-inflammatory properties of diet, and 

periodontal maintenance (Dodington et al., 2015; Iwasaki et al., 2013; Sparrow et al., 2020). Higher 

intakes of vitamin C, vitamin E and β-carotene were associated with less teeth lost due to periodontal 
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disease in a two-year retrospective study of patients who did or did not smoke (Iwasaki et al., 2013). In 

another study of periodontal health post-ST, higher intake of fruits, vegetables, β-carotene, vitamin C, α-

tocopherol, and long chain omega 3 fatty acid intake was associated with reduced PPD at 8 to 16 weeks 

post-ST in non-smokers (Dodington et al., 2015). Because of the relationship between fruit and vegetable 

intake and periodontal health, a follow-up study of the same patients was completed to investigate the 

relationship between flavonoid intake and periodontal health post-ST (Sparrow et al., 2020). Findings 

from this study are discussed in the next section. 

1.1.5.1.1 Flavonoid Intake and Maintenance of Periodontal Health 

A link between higher flavonoid intake and better periodontal healing outcomes has been 

demonstrated by several studies (Amaliya et al., 2015; Graziani et al., 2018; Sparrow et al., 2020) and 

one systematic review of studies on green tea catechin intake (Gartenmann et al., 2019). Epigallocatechin 

gallate (EGCG), a flavonoid catechin present in green tea extract, has been shown to inhibit the 

expression of matrix metalloproteinase-9 by osteoblasts and to also reduce the formation of osteoclasts in 

vitro, using an osteoblast and osteoclast co-culture mouse model (Yun et al., 2004). A follow-up study of 

the previously mentioned study by Dodington et al. (2015) determined that flavonoid intake was 

associated with periodontal outcomes at 3-4 years post-ST (Sparrow et al., 2020). A higher flavonoid 

intake was found to be associated with lower PPD while fruit, vegetable and vitamin C intake were not 

significantly associated with PPD (Sparrow et al., 2020). Elevated levels of salivary IL-1β are considered 

a biomarker for periodontitis (Miller et al., 2006) and in this follow-up study, lower salivary IL-1β was 

associated with increased flavonoid intake (Sparrow et al., 2020). Additionally, flavonoid intake was 

inversely associated with PPD, and there were no significant differences between PPD and BOP at 8 to 

16 weeks post-ST and 3 to 4 years post-ST (Sparrow et al., 2020). Based on differential findings of a 

short-term and long-term follow study of the same patient group (Dodington et al., 2015; Sparrow et al., 
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2020), it has been hypothesized that different components of diet may be important during periodontal 

healing and periodontal maintenance. Fruits, vegetables, and vitamin C may be important for initial 

periodontal healing while other dietary components such as flavonoids may be more important during the 

long-term maintenance period when patients are in a clinically stable phase (Sparrow et al., 2020). Thus, 

we chose to focus on flavonoid intake since our study focuses on periodontal outcomes during long-term 

maintenance of periodontal health post-ST. 

In general, flavonoids are widely known for their anti-inflammatory and antioxidant effects, and 

are the most likely dietary component to influence bone health beyond calcium and vitamin D (Weaver et 

al., 2012). Total flavonoid intake has been positively associated with increased BMD in the spine and hip. 

Epidemiological data suggests that flavonoid consumption rather than fruit and vegetable intake may be 

more strongly related to higher BMD (Weaver et al., 2012). Post-menopausal women are at high risk of 

osteoporosis due to estrogen deficiency; thus, many prevention strategies have been targeted at this 

population to prevent bone loss. In a study of healthy postmenopausal women, higher BMD was 

correlated with retention of more teeth when compared to women with low BMD or those with 

osteoporosis, even if they had deep periodontal pockets (Buencamino et al., 2009). Women with 

osteoporosis were also found to have significantly greater CAL compared women without osteoporosis 

(Buencamino et al., 2009). The Buffalo OsteoPerio Study, a follow-up study ancillary to the Women’s 

Health Initiative, examined 5-year changes in periodontal disease among postmenopausal females. 

Having pre-existing periodontal disease was not a requirement of study participation. In this study of 

1,025 female participants, periodontal changes did not differ according to baseline age, hormone therapy 

use, smoking status, or age at menopause. However, females with a history of severe periodontitis or 

osteoporosis showed accelerated oral bone loss (measured using alveolar crest height from oral 

radiographs) despite small improvements in PPD (LaMonte et al., 2013). Given the links between 
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periodontal disease and osteoporosis, many studies have sought to determine whether a positive 

association exists between bone health and flavonoid consumption. While many cross-sectional studies 

have found varying results, a review in 2017 found tea consumption in women to be associated with 

higher BMD at multiple sites (Nash & Ward, 2017) though cause and effect has not been shown. Few 

studies have assessed the relationship between tea consumption and fracture with one study in older 

women showing an associated with higher intake of tea and lower risk of fracture (Myers et al., 2015). 

Tea is known to have high flavonoid content which may interact with osteoblasts to increase the 

production of minerals, regulate bone markers, and inhibit the activity of and/or increase apoptosis in 

osteoclasts (Cooper et al., 2005; Marnewick et al., 2000). Thus, it has been hypothesized that flavonoid 

intake will be important in long-term periodontal maintenance and prevention of tooth loss.  

1.1.5.1.2 Protein Intake and Maintenance of Periodontal Health 

Protein intake has also been associated with bone health in post-menopausal women. A narrative 

review (Rizzoli et al., 2014) states that in older adults with osteoporosis, “increased levels of protein 

intake (≥0.8 g/kg body weight/day or 24% of total energy intake) are associated with higher BMD, a 

slower rate of bone loss, and a reduced risk of hip fracture”. However, meeting these required levels can 

be challenging for older adults, particularly females (Baum et al., 2016). Furthermore, a large body of 

evidence supports that the RDA for protein should be higher for older adults. Currently, the RDA for 

protein for adults is 0.8 g protein/kg body weight/day, yet evidence suggests an RDA of 1.2 to 2.0 g 

protein/kg body weight/day should be recommended for older adults based on a higher need for protein 

intake (Bauer et al., 2013; Baum et al., 2016; Wolfe, 2012; Wolfe et al., 2008). Protein is needed to 

prevent loss of muscle mass, strength and function in older adults (Baum et al., 2016) – thus protein is 

highly important for older adults to maintain their health, quality of life, and ability to remain 

independent (Wolfe, 2012). Given that adequate protein intake is needed to support bone health (Hannan 
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et al., 2000; Rizzoli et al., 2014), it has been hypothesized that protein intake may influence periodontal 

maintenance. To the best of our knowledge, only one study has assessed protein intake and periodontal 

outcomes during the healing and maintenance phases post-ST (Ward et al., 2018). Given the evidence for 

a relationship between increased risk of periodontal disease and increased risk of osteoporosis, the role of 

protein in risk of fracture may also be an important factor in periodontal health. Overall, evidence from 

studies on diet and periodontal health suggest that flavonoid and protein intake may be particularly 

important to maintaining periodontal health given their relationship with inflammation and bone health. 

1.1.5.2 Physical Activity and Maintenance of Periodontal Health 

While no studies exist on the relationship between physical activity and maintenance of 

periodontal health, associations between increased physical activity and decreased risk of chronic 

diseases such as cancer, diabetes, CVD and metabolic syndrome (Booth et al., 2012) have led researchers 

to believe the many benefits of physical activity on overall health may also extend to the periodontium. 

Given the paucity of data, the relationship between periodontitis and physical activity was of interest to 

be addressed in this study. Physical activity is defined as “any bodily movement produced by skeletal 

muscles that results in energy expenditure” (Caspersen et al., 1985). Physical activity, which includes 

activities such as gardening, housework, and some modes of transportation, is often divided into domains 

such as leisure-time, occupational, household work, and commuting (Troiano et al., 2012). Leisure-time 

physical activity (LTPA), which refers to “all of the behavior connected with physical activity that people 

engage in in their freely disposable time” (Steinbach & Graf, 2008), is considered one of the most 

important physical activity domains for public health intervention and research (Church et al., 2011; 

Troiano et al., 2012). The LTPA domain largely consists of exercise, defined as “physical activity that is 

planned, structured, repetitive, and purposive in the sense that improvement or maintenance of one or 

more components of physical fitness is an objective” (Caspersen et al., 1985). Thus, LTPA and exercise 
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provide the greatest opportunity for enjoyment and improvement of fitness- and health-related benefits 

when compared to other domains such as household work, occupational, and commuting (Bouchard et 

al., 2007; Caspersen et al., 1985). LTPA and exercise are often included in research assessing the 

relationship between physical activity and chronic disease, and both can be measured through self-report 

questionnaires and interviews. The Godin-Shepard Leisure Time Exercise Questionnaire (GSLTEQ) is a 

frequently used measure of LTPA which was used in conjunction with the International Physical Activity 

Questionnaire (IPAQ), a commonly used assessment of total physical activity across all domains (leisure-

time, occupational, household work, and commuting). Both questionnaires are easily adaptable to an 

online format and are relatively easy for research participants to complete. 

The relationship between physical activity and periodontal disease risk is supported by one 

systematic review and meta-analysis of seven studies which found the frequency of physical activity to be 

directly related to a lower occurrence of periodontitis (Ferreira et al., 2019). Evidence from this 

systematic review, and additional studies on the relationship between physical activity and periodontal 

disease have been summarized in Table 1.1. Of interest, several cross-sectional studies support a 

relationship between lower prevalence of periodontal disease and increased frequency of both LTPA and 

total physical activity as measured by self-report questionnaires (Al-Zahrani et al., 2005a, 2005b; 

Merchant et al., 2003). Multiple studies reported individuals who participated in physical activity at a 

frequency of at least 3 and 5 times per week to demonstrate lower prevalence of periodontitis when 

compared to controls (Al-Zahrani et al., 2005a, 2005b; Merchant et al., 2003; Sakki et al., 1995). One 

such study was an analysis of NHANES III data which revealed a significant association between 

engaging in recommended levels of physical activity (≥5 episodes of moderate or ≥3 episodes of vigorous 

intensity physical activity per week) and lower prevalence of periodontitis when other predictive factors 

for periodontitis were controlled for (Al-Zahrani et al., 2005b). Another cross-sectional study found 
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participants with at least one tooth with CAL ≥4 mm to have significantly lower fitness test scores 

compared with those without this status (Oliveira et al., 2015).  

While cross-sectional studies do not allow for determination of causation, physical activity is 

known to reduce chronic low-grade inflammation, and may play a particularly important role in immune 

health during aging (Weyh et al., 2020), suggesting physical activity might have a significant affect 

during PMT. Only one intervention study investigating the effect of physical activity was retrieved by the 

literature search. This 12-week prospective intervention of sedentary males with periodontal disease 

found the exercise group to experience significant reductions in number of teeth with PPD ≥ 4 mm and 

number of teeth with BOP compared to the control group (Omori et al., 2018). This suggests that 

engaging in exercise may have protective effects on the periodontium. 

Of note, only five of the studies included in Table 1.1 assess LTPA/exercise (Al-Zahrani et al., 

2005a, 2005b; Oliveira et al., 2015; Omori et al., 2018; Sanders et al., 2009) and of these five studies, 

only one study contained an intervention (Omori et al., 2018). The remaining studies use more broad 

definitions of physical activity and used observational study designs (Bawadi et al., 2011; Merchant et al., 

2003; Sakki et al., 1995; Samnieng et al., 2013).  Using total physical activity as opposed to LTPA may 

be beneficial as it captures a wider range of activities. It is known that different dimensions of physical 

activity may be differentially related to specific health outcomes (Troiano et al., 2012). Engagement in 

LTPA/exercise is almost always discretionary and self-report measures of exercise may have less error as 

planned exercise is less sporadic, more routine, and thus should be easier to recall and report (Troiano et 

al., 2012). For this reason, many studies choose to focus on LTPA – however other components of 

physical activity need to be explored. For example, research on sedentary behavior is growing as physical 

inactivity (also referred to as sedentary behavior) has been recognized as contributing to health more than 

was initially thought. Sedentary behavior, defined as “any waking behavior characterized by an energy 
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expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or lying posture” (Tremblay 

et al., 2017), has been independently associated with increased health risks (Saunders et al., 2020; 

Troiano et al., 2012). Sedentary behaviors include watching TV, computer and game-console use, 

workplace sitting, and time spent in automobiles (Troiano et al., 2012). The new Canadian 24-Hour 

Movement Guidelines recommend that all adults aged 18-64 limit sedentary time to 8 hours a day or less 

(Ross et al., 2020; Saunders et al., 2020). In this thesis research, total physical activity, exercise, and 

sedentary time were measured and included in the final analysis to determine their impact on periodontal 

outcomes post-ST. It was hypothesized that more physical activity and exercise and less sedentary time 

would result in better periodontal health outcomes post-ST. Given that most studies focus on the 

relationship between LTPA or exercise and periodontal disease, this was done to allow for a broader 

understanding of the relationship between physical activity and periodontal health. 

Table 1.1: Observational Studies of the Relationship Between Periodontal Disease and Physical 

Activity 

Study 

Author, 

Year 

Study Design  Participant 

Details 

Periodontitis 

Diagnosis 

Physical Activity 

Evaluation 

Al-

Zahrani et 

al., 2005a 

Cross-sectional. Multivariate 

regression analysis was used 

to determine association 

between physical activity 

and periodontitis prevalence 

n= 2,521 

Male= 1,245 

Female= 1,276 

Mean age with 

periodontitis= 

50.3 years 

Mean age without 

periodontitis= 

47.4 years 

At least one 

site with PPD 

≥ 4 mm and 

CAL ≥ 3 mm 

Questionnaires on the 

frequency of nine 

leisure-time physical 

activities 

Conclusion: Engaging in recommended levels of physical activity was associated with lower 

prevalence of periodontitis in males and females. 
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Al-

Zahrani et 

al., 2005b 

Cross-sectional. Multivariate 

regression analysis was used 

to determine association 

between the number of 

health- enhancing behaviors 

and periodontitis prevalence 

n= 12,110 

Mean age= 39.7-

48.8 years for 

each group 

At least one 

site with PPD 

≥ 4 mm and a 

CAL ≥ 3 mm 

Questionnaires on the 

frequency of nine 

leisure-time physical 

activities 

Conclusion: Engaging in recommended levels of physical activity, eating a high-quality diet (healthy 

eating index >80) and maintaining a healthy BMI were associated with lower prevalence of 

periodontitis. 

Bawadi et 

al., 2011 

Cross-sectional. Multivariate 

regression analysis was used 

to determine association 

between physical activity 

and periodontal disease 

prevalence.  

n= 340 

Male= 168 

Female= 172 

Age= 18-70 years 

Four or more 

teeth with one 

site or more 

with a PPD ≥ 4 

mm and CAL 

≥ 3 mm 

Short-form of the 

International Physical 

Activity Questionnaire 

(IPAQ) 

Conclusion: For individuals who engaged in higher levels of physical activity, there was an association 

with significantly lower PI, average GI, average CAL, and % sites with CAL ≥ 3 mm compared to those 

who had lower levels of physical activity. 

Merchant 

et al., 

2003 

12-year prospective cohort. 

Compared relative risk of 

periodontitis based on 

quintile of physical activity. 

n= 2,123 

All male 

participants 

Age= 40-75 years 

Self-reported 

on recent 

professional 

diagnosis of 

periodontitis 

Self-reported physical 

activity from 

questionnaires 

Conclusion: In this study population of male American health professionals, an inverse association 

between sustained physical activity and periodontitis was found to be independent of known risk 

factors. 
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Oliveira et 

al., 2015 

Cross-sectional. Multivariate 

regression analysis was used 

to determine association 

between physical fitness test 

scores and periodontal 

measures. 

n= 111 

All male 

participants 

Mean age= 34.8 ± 

10.3 years 

Two or more 

interproximal 

sites with CAL 

≥ 4 mm, not on 

the same tooth, 

or two or more 

interproximal 

sites with PPD 

≥ 5 mm, not on 

the same tooth 

Physical fitness test 

composed of 4 

exercises: 1) push‐

ups; 2) pull‐ups; 3) 

sit‐ups; and 4) 

running for 12 minutes 

Conclusion: Men presenting with at least one tooth with CAL ≥ 4 mm demonstrated significantly lower 

performance on the physical fitness test. This association suggests periodontal disease may be a risk 

factor for poor physical fitness in males. 

  

Omori et 

al., 2018 

12-week prospective 

intervention. Investigated 

intraindividual differences in 

periodontal parameters pre- 

and post-intervention. 

n= 71  

Exercise 

intervention 

(n=50) 

Dietary 

intervention 

(n=21) 

All male 

participants 

Age= 31-64 years 

All patients 

had a “serious 

disease of the 

oral cavity”. 

Examined 

number of 

teeth with PPD 

≥ 4 mm and 

the number of 

teeth with BOP 

among of the 

number of 

residual teeth 

Exercise program:  

Resistance training 

(exercise volume 

=170~190 kcal/ 

session), intensity 

(50%–70% 1 repetition 

maximum, 1–2 

minutes rest, total 3 

sets), or aerobic 

training in cycling 

session for 20~40 

minutes at 60%–85% 

VO2max 

(exercise volume 

=180–360 

kcal/session). 

Conclusion: In the exercise intervention group, significant reductions in number of teeth with PPD ≥ 4 

mm and BOP were observed suggesting exercise may contribute to improvements in periodontal 

disease. Only men were studied. 



28 

 

Sakki et 

al., 1995 

Cross-sectional. Spearman 

correlation coefficients were 

used to determine 

associations between 

lifestyle factors (smoking, 

diet, physical activity, 

alcohol consumption) and 

PPD. 

n= 527 

Male= 266 

Female= 261 

Age= 55 years 

PPD ≥ 3 mm Questionnaire: Low 

exercise was 

considered <15 min 

walking, cycling, 

walking to work and 

exercised only once or 

less a week. High 

exercise was any 

amount of exercise 

above this. 

Conclusion: A healthier lifestyle, including increased levels of physical activity, had an independent 

association with lower prevalence of periodontal pockets and could explain some of the social and sex 

differences observed in periodontal health. 

Samnieng 

et al., 

2013 

Cross-sectional. Analysis of 

covariance was used to 

determine associations 

between physical activity 

and periodontal disease 

prevalence. 

n=612 

Male=158 

Female=454 

Mean age=68.8 ± 

5.9 years 

At least one 

site with PPD 

≥ 4 mm and a 

CAL ≥ 3 mm 

Questionnaire (no 

details reported) 

Conclusion: Higher physical activity was associated with both lower periodontal disease prevalence 

and higher salivary flow rate in older adults (> 60 years). 

Sanders et 

al., 2009 

Case-control comparing 

individuals with moderate to 

severe periodontitis with 

controls (mild or no 

periodontitis). 

n= 751 

Case= 359 

Control= 392 

Age= 

18-44 years 

(n=143) 

45-64 years 

(n=201) 

65+ years (n=108) 

Two or more 

interproximal 

sites with CAL 

≥ 4 mm, not on 

the same tooth, 

or two or more 

interproximal 

sites with PPD 

≥ 5 mm, not on 

the same tooth 

Eight core questions 

from the Active 

Australia Survey 

measured leisure-time 

physical activity. A 

sufficiently active 

group was defined as 

(>150 min over 5 

sessions) versus an 

insufficiently active 

group (<150 min over 

5 session) 
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Conclusion: No association was found between leisure-time physical activity and periodontitis. 

However, higher quartiles of physical activity were associated with lower levels of C-reactive protein in 

the gingival crevicular fluid of periodontitis patients. 

 

Many studies have explored mechanisms that relate physical activity to numerous chronic 

diseases. The anti-inflammatory effects of physical activity are well known and have been reviewed 

extensively (Cronin et al., 2017; Monteiro-Junior et al., 2018; Nimmo et al., 2013; Petersen & Pedersen, 

2005). Regular exercise reduces the risk of CVD and type II diabetes, as well as providing protection 

from all-cause mortality (Petersen & Pedersen, 2005; Ross et al., 2020). Physical activity is often 

prescribed for treatment of chronic diseases such as ischemic heart disease (Heran et al., 2011), type II 

diabetes (Boulé et al., 2001), and chronic obstructive pulmonary disease (Lacasse et al., 2001). Evidence 

supporting the anti-inflammatory effects of exercise also include numerous cross-sectional studies 

reporting associations between physical inactivity and low-grade systemic inflammation as measured by 

various inflammatory markers including CRP (Abramson & Vaccarino, 2002; Fallon et al., 2001; 

Fernandes et al., 2018; Mattusch et al., 2000). Serum IL-6 is thought to have an anti-inflammatory effect 

when it is released from muscle during acute exercise (Badenhorst et al., 2016; Steensberg et al., 2003). 

Given the anti-inflammatory effects of exercise and the relationship between physical activity and 

periodontal disease seen in NHANES III data and reported by Al-Zahrani et al. (2005a), we predicted that 

patients who meet the Canadian guidelines for physical (moderate intensity aerobic physical activity for a 

minimum of 30 minutes per day, 5 days a week or vigorous intensity aerobic activity for a minimum of 

25 minutes, 3 days a week) would have better periodontal health than individuals who do not meet these 

guidelines. These guidelines are based on evidence of significant reductions in risk of chronic disease, 

premature death, and improvements seen in fitness, body composition, and mental health of individuals 

who meet the guidelines (Tremblay et al., 2011). It is also known that the health benefits of physical 
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activity are dose-dependent, with greater physical activity providing greater health benefits (Tremblay et 

al., 2011). While both strength training and aerobic training provide benefits for reducing inflammation 

and improving bone health (Nimmo et al., 2013; Warburton et al., 2010), the Canadian guidelines state 

that strength training should be completed in addition to the aerobic exercise recommendations 

(Tremblay et al., 2011). However, for the purposes of our analysis, no differentiation between strength 

and aerobic activities was used when determining whether a participant had met the guidelines for 150 

minutes of moderate or 75 minutes of vigorous physical activity a week. We hypothesize that physical 

activity will be a predictor of better periodontal health in patients 5-10 years post-ST, with better 

periodontal health for individuals who meet the Canadian guidelines of 150 minutes of moderate or 75 

minutes of vigorous  physical activity a week. In addition to physical activity, we will also assess the 

relationship between exercise, sedentary time, and periodontal disease, as this may provide a better 

indication of an individual’s overall physical activity and physical fitness. 

1.1.5.3 Obesity and Maintenance of Periodontal Health  

As stated previously, obesity has been significantly associated with a higher prevalence of 

periodontitis; this has been demonstrated in many studies (Al-Zahrani et al., 2005a) as well as systematic 

(Chaffee & Weston, 2010; Martinez-Herrera et al., 2017; Suvan et al., 2011) and narrative reviews 

(Genco & Borgnakke, 2013; Marchetti et al., 2012). It is worth noting that in a systematic review and 

meta-analysis on the association of chronic periodontitis and obesity, it was found that individuals who 

are younger, non-smokers and female demonstrated a stronger association between periodontitis and 

obesity (Chaffee & Weston, 2010). Interestingly, some recent studies suggest the relationship between 

periodontal disease and body mass index (BMI) is sex dependent. While large epidemiologic surveys 

demonstrate a lower prevalence and severity of periodontitis in women compared to men, women also 

exhibit higher levels of serum inflammatory markers (Meisel et al., 2019; Shiau & Reynolds, 2010). For 
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example, one study has found serum C-reactive protein (CRP) to be associated with PPD in men but not 

women (Meisel et al., 2019). In another study, BMI correlated significantly with higher prevalence of 

periodontitis in females but not in males (Dalla Vecchia et al., 2005). A study of gingivitis in school 

children also found sex-based differences – females who were obese presented with a greater chance of 

having gingivitis, but a similar relationship was not found in males who were obese (Lock et al., 2020). 

Finally, in a recent epidemiological study where having periodontal disease was not an inclusion factor, 

adiposity was a more significant risk factor for periodontal disease in women than men (Meisel et al., 

2019).   

Evidence of a relationship between obesity and periodontal health outcomes during PMT also 

exists. While the underlying mechanisms remain unclear, low-grade chronic inflammation and oxidative 

stress have been suggested as plausible linkages between obesity and periodontal health (Chaffee & 

Weston, 2010; Genco & Borgnakke, 2013; Khan et al., 2018; Martinez-Herrera et al., 2017). Adipose 

tissue contributes to serum levels of inflammatory cytokines including IL-6 and TNF-α, both of which are 

known to be associated with periodontal tissue destruction (Al-Zahrani et al., 2005a; Kershaw & Flier, 

2004). However, according to a systematic review and meta-analysis (Papageorgiou et al., 2015), no 

significant differences were found in any periodontal parameters (PPD, CAL, BOP, PI) between 

overweight or obese (BMI >25 kg/m2) and normal-weight patients (BMI <25 kg/m2) after receiving ST. 

Given that sex was not considered during data analysis, the sex-based discrepancies discussed earlier may 

contribute to these findings. Other periodontal disease risk factors such as age and diet were not taken 

into consideration during this analysis, and there was a large amount of heterogeneity so few conclusions 

could be drawn (Papageorgiou et al., 2015). Additionally, most studies utilized a very short follow-up 

period of less than six months. Large changes in periodontal parameters are expected during the initial 

healing phase post-ST. However, the effects of obesity and other lifestyle factors may show up in longer-
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term studies after periodontal health has stabilized – this has been demonstrated in a study following 

patients for 3 to 4-years post-ST (Sparrow et al., 2020). Finally, many of the studies included in the 

review were found to be low quality and have high risk of bias due to inconsistency and imprecision, and 

only four of the 15 studies were randomized control trials (Papageorgiou et al., 2015). Therefore, based 

on evidence indicating that obesity is a risk factor for periodontitis, it is hypothesized that BMI will be a 

significant predictor of periodontal health during the maintenance phase post-ST. 

1.1.5.4 Other Factors Affecting Maintenance of Periodontal Health 

As previously mentioned, age, smoking status, and initial tooth prognosis have been identified as 

predictors of long-term periodontal maintenance according to one systematic review (Chambrone et al., 

2010). Fifteen publications reporting on thirteen retrospective case-control studies were included in the 

review – all studies followed patients who had undergone PMT for at least 5 years and included tooth 

loss as a measure of periodontal health. The percentage of teeth lost due to periodontal reasons varied 

from 1.5% to 9.8% in the included studies (Chambrone et al., 2010). Given the large amount of 

heterogeneity between studies, a meta-analysis was not possible, but older age, current smoking status, 

and initial tooth prognosis were all found to be associated with tooth loss during PMT (Chambrone et al., 

2010). Given these findings, we chose to include smoking status and age in our analysis as predictors of 

periodontal health during PMT. Additionally, baseline PPD (pre-ST) was included as a predictor of 

periodontal health as PPD is used to determine initial tooth prognosis. PPD and BOP, a measure of acute 

inflammation and indicator of oral hygiene care, were chosen as indicators of periodontal health to be 

used as outcome variables for this study. Both baseline PPD and BOP have been positively associated 

with follow-up PPD in patients 8-16 weeks after undergoing ST (Dodington et al., 2015). A timeline of 5 

to 10 years post-ST was chosen for analysis to capture long-term changes to periodontal health.  
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1.2 Periodontal Disease in Women  

While age and sex are risk factors for periodontitis, there is also evidence suggesting a positive 

association between periodontitis and osteoporosis, with a higher odds ratio observed amongst women 

(OR: 1.96; 95% CI 1.17–3.26) than men (OR: 2.37; 95% CI 0.88–6.39) (Lin et al., 2015). In post-

menopausal women, systemic bone loss has been related to oral bone loss and may be a factor in 

periodontal disease progression (LaMonte et al., 2013). As women approach menopause, estrogen 

production drops as the ovaries cease to produce estrogen. Of particular interest, hormones play an 

important role in immune health and are thought to contribute to the sexual dimorphism seen in 

periodontal disease (Bouman et al., 2005). Estradiol, the primary female sex hormone, is known to 

produce either immunostimulant or immunosuppressive effects (Jitprasertwong et al., 2016). Low 

estrogen levels have been observed to mitigate immune response and predispose post-menopausal women 

to infection and disease (Gameiro et al., 2010; Olsen & Kovacs, 1996). Post-menopausal women are 

more prone to stroke, heart disease, lead poisoning, urinary incontinence, osteoporosis, and oral health 

issues such as dry mouth, cavities, and periodontal disease when compared to pre-menopausal women 

(Buencamino et al., 2009; Becker, 2005; Buencamino et al., 2009; Crandall et al., 2015; Jackson et al., 

2010; Menopause and Your Health, 2018; Shifren et al., 2014). Given that estrogen has implications for 

bone health and immune health, studying the association between estrogen exposure and periodontitis 

was also of interest. 

1.2.1 Estrogen and Periodontal Disease 

Women experience periodic increases in female sex hormones throughout their reproductive life, 

and gingival inflammation has been reported extensively during these times, particularly pregnancy and 

puberty (Kumar, 2013; Shifren et al., 2014). Estrogen is a primary female sex hormone, produced 

predominantly in the female ovaries in pre-menopausal women and adipose tissue of post-menopausal 

women. Estrogen spikes during puberty and leads to secondary sexual characteristics in females while 
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also playing a large role in menstrual cycle regulation. However, estrogen affects numerous non-

reproductive tissues as well. Estrogen receptor beta (ER-β) is found in oral tissues such as the gingival 

epithelium, periodontal ligament, and salivary glands (Alves et al., 2015; Nebel et al., 2011; Pan et al., 

2011). Thus, it has been suggested that gingival inflammation can be aggravated by elevations in estrogen 

(Güncü et al., 2005; Jitprasertwong et al., 2016). However, estrogen deficiency has also been associated 

with gingival thinning and recession (Shifren et al., 2014). Estrogen is thought to contribute to gingival 

inflammation by altering the composition of dental plaque and increasing vascular permeability in 

gingival tissues (Tiainen et al., 1992). Thus, it is possible that a lack of estrogen could also influence 

periodontitis through these changes. Estrogen may also be involved in the modulation of inflammatory 

cytokines such as IL-6, thus influencing host inflammatory response with the potential to affect the 

development of localized swelling in gingival tissues (Alves et al., 2015). This evidence suggests both 

high and low levels of estrogen have negative implications for periodontal health – however these links 

need to be explored further. In addition to studies suggesting estrogen may affect periodontal tissue 

directly (Alves et al., 2015; Nebel et al., 2011; Pan et al., 2011), estrogen also plays an important role in 

bone metabolism (Khosla et al., 2005; Riggs et al., 2002), which may contribute to bone loss seen in 

periodontal disease (Martínez-Maestre et al., 2010; Ronderos et al., 2000). 

1.2.2 Menopause and Periodontal Disease 

Some studies report statistically significant positive correlations between periodontal disease and 

estrogen deficiency (Kim & Amar, 2006; Payne et al., 1999; Shu et al., 2008). Menopause is the time 

during which a woman has her last menstrual cycle, a result of the ovaries permanently ceasing to 

produce estrogen. It has been suggested that menopause-associated estrogen deficiency, which increases 

the risk of osteoporosis, may also cause alterations in oral hard and soft tissues, making them more 

susceptible to destruction in periodontitis (Doğan et al., 2018). Changes to the gingival epithelium that 
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are thought to be caused by low estrogen during menopause include becoming thinner, atrophic and more 

prone to inflammatory changes (Alves et al., 2015; Forabosco et al., 1992). Menopause has also been 

associated with increases in body weight and abdominal adiposity, increased low-density lipoproteins, 

triglycerides, and changes in lipid metabolism – these changes constitute risk factors for cardiovascular 

disease, which is an independent risk factor for periodontal disease (Doğan et al., 2018). In general, the 

incidence of periodontitis in post-menopausal women correlates with signs of generalized osteoporosis 

(Groen et al., 1968; Güncü et al., 2005). Estrogen deficiency contributes to an imbalance in the 

remodeling sequence of periodontal tissue and could result in loss of BMD and tooth loss by modulating 

tissue responses to lipopolysaccharides (Shu et al., 2008). Cross-sectional studies suggest a lower 

systemic BMD to be associated with worse periodontal disease parameters (LaMonte et al., 2013). Both 

osteoporosis and periodontal disease are characterized by bone resorption, and share many common risk 

factors – smoking, diabetes, age, genetics, hormonal changes, calcium and vitamin D deficiency (Wang 

& McCauley, 2016). Hormone replacement therapy (HRT) has been found to positively affect bone 

health by increasing levels of circulating estrogens. Thus, studies have explored whether HRT may also 

have positive implications for periodontal disease in post-menopausal women. One study has suggested 

that estrogen exerts bone sparing effects on the periodontal tissues by altering expression of inflammatory 

cytokines (Shu et al., 2008).  

By acting through estrogen receptor alpha, estrogen may stimulate osteoclast apoptosis, thus 

suppressing osteoblast and osteocyte apoptosis – this increases the lifespan of osteoclasts while 

decreasing the osteoblastic lifespan (Shapiro & Freeman, 2014; Shu et al., 2008). Thus, it seems plausible 

that HRT may exert positive effects on periodontal disease. Post-menopausal women using HRT were 

found to have less severe alveolar bone loss compared to nonusers in an analysis of data from 613 

postmenopausal women in the Buffalo OsteoPerio study (Wang et al., 2015). Other studies have found an 



36 

 

increase in tooth retention and reductions in gingival inflammation and attachment loss in women 

receiving HRT (Grodstein et al., 1996; Haas et al., 2009; López-Marcos et al., 2005; Reinhardt et al., 

1999; Ronderos et al., 2000; Taguchi et al., 2004) suggesting a protective role of estrogen therapy on 

periodontal disease in post-menopausal women. Additionally, in a large study of NHANES III data where 

having periodontal disease was not a requirement of study participation, it was found that female 

participants with periodontitis were more likely to have never used oral contraceptives or HRT than 

females without periodontitis (Chapple et al., 2007). Evidence also suggests that longer durations of 

menstruation are associated with increased BMD and lower risk of fracture (Parker et al., 2014). Also, 

women with osteoporosis entered menopause at a significantly younger age compared to women without 

osteoporosis (Kapetanović et al., 2018). Estrogen deficiency is a risk factor for osteoporosis, and 

numerous links between osteoporosis and periodontal disease exist. Therefore, it seems plausible that the 

cumulative exposure to estrogen that a women experiences throughout her lifetime could impact 

periodontal health through the direct effects of estrogen on bone and gingival tissue. 

1.2.3 Lifetime Estrogen Exposure 

In post-menopausal women, lifetime estrogen exposure (LEE) has been associated with several 

chronic diseases (Cumming & Klineberg, 1993; De Kleijn et al., 2002; Eisman, 1998; Hamajima et al., 

2012; Johansson et al., 2019; Simon et al., 2006). A higher LEE has been correlated with better cognitive 

functioning (Hesson, 2012; Smith et al., 1999), increased risk of breast cancer (Johansson et al., 2019), 

increased risk of venous thromboembolism (Simon et al., 2006), and increased cardiovascular mortality 

(De Kleijn et al., 2002). However, the results for osteoporosis have been inconsistent – while some 

studies report a reduced risk of osteoporosis with increased LEE (Kapetanović et al., 2018; Parker et al., 

2014), several studies report no association between LEE and BMD or fracture (Banks et al., 2009; 

Gerdhem & Obrant, 2004). 
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LEE has been measured in many studies, and consequently, tools such as the Index of Estrogen 

Exposure and Index of Cumulative Estrogen Exposure have been developed (Hesson, 2012; Smith et al., 

1999). While these tools have been used in numerous studies and associations between LEE and various 

diseases have been found, these tools have not been sufficiently tested for validity and reliability. 

However, strong test-retest reliability has been demonstrated through strong significant correlations being 

observed for most estrogen exposure indices such as age at menarche (r =0.86, p<0.01), number of 

pregnancies (r =0.92, p<0.01), duration of use of contraceptive pill (r =0.85, p<0.01), age at HRT 

cessation (r =0.85, p< 0.01), and duration of HRT use (r =0.89, p <0.01) (Lord et al., 2009). Studies 

assessing validity of these self-reported age at menarche report moderate to good agreement later in life 

(Casey et al., 1991; R. Cooper et al., 2006). Studies of LEE often include different variables, making it 

difficult to compare results from different studies as well. For example, while parity, age of menarche, 

and age of menopause are widely used to measure LEE (Alves et al., 2015; Hesson, 2012; Kapetanović et 

al., 2018; Simon et al., 2006; Smith et al., 1999), breastfeeding, use of oral contraceptives and hormone 

therapy have also been identified as important markers of estrogen exposure (Lord et al., 2009).  

No study has sought to determine whether lifetime estrogen exposure affects periodontal disease, 

and more specifically, women already undergoing PMT. In this study, we planned to measure LEE using 

the estimated lifetime estrogen exposure (ELEE) model (Johansson et al., 2019). The ELEE reflects the 

reproductive span, comprising a woman’s time between age at menarche and age at menopause minus 1 

year for each pregnancy and duration of breastfeeding, calculated at the time at recruitment (Johansson et 

al., 2019). In breast cancer studies, a longer reproductive span (younger age at menarche and an older age 

at menopause), results in higher LEE which has been associated with greater breast cancer risk 

(Hamajima et al., 2012; Horn et al., 2013). Additionally, both the number of pregnancies and longer time 

spent breastfeeding contribute to decreased estrogen exposure in women, and these factors have also been 
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shown to contribute to decreased breast cancer risk (Beral et al., 2002; Bernstein et al., 1985; Chowdhury 

et al., 2015; Ewertz et al., 1990). While age at menarche and menopause have been described as having 

unequivocal implications for LEE (Smith et al., 1999), other factors that may impact lifetime estrogen 

exposure such as HRT and oral contraceptives are not included in this model as their effects are less 

clear. Additionally, oral contraceptives and HRT are known to increase risk of breast cancer during use, 

but this risk is reduced back to baseline when women cease their use for 5 to 10 years (Johansson et al., 

2019). While measuring LEE accurately is challenging, this study was designed to measure LEE in 

relation to periodontal disease. Given the difficulty in measuring serum estrogen levels and the positive 

associations reported between LEE and numerous chronic diseases, LEE may still be useful in 

determining the involvement of estrogen in periodontal health. However, the inconsistent findings in 

studies relating osteoporosis to LEE, make it unclear whether LEE has significant implications for bone 

health. Additionally, the impacts of estrogen on immune health and/or directly on the periodontium are 

not well understood. Based on the relationship between osteoporosis and periodontitis, it is hypothesized 

that a lower LEE will be associated with better periodontal health outcomes. 

1.3 Summary and Rationale 

1.3.1   Predictors of Periodontal Health 

Currently, there is a lack of data on factors that may serve as predictors of periodontal health 

following ST. While ST is a highly successful treatment, some factors have been identified as being 

positively associated with better periodontal outcomes post-ST. These factors include higher intakes of 

flavonoids, fruits and vegetables, vitamin C, beta-carotene, alpha-tocopherol and fish oils (Dodington et 

al., 2015; Sparrow et al., 2020). However, these studies are few and other dietary components such as 

protein, and lifestyle factors such as obesity and physical activity have not been comprehensively studied. 

The overall goal of PMT after ST is to prevent periodontal health from deteriorating, as patients with 

periodontitis are at risk of recurrence of periodontal disease, which can lead to tooth loss. Physical 
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activity, obesity, protein intake, flavonoid intake, sex, age, and smoking status have all been studied as 

risk factors for periodontal disease, however there is a paucity of data on their role in PMT. Additionally, 

baseline PPD (pre-ST) has been associated with periodontal outcomes 8-16 weeks post-ST (Dodington et 

al., 2015). As such, it was hypothesized that these factors will play a role in periodontal parameters 

during PMT (Figure 1.3.1). Additionally, we were interested in studying the effects of estrogen on 

periodontal maintenance, since estrogen deficiency has been associated with bone loss in women, which 

may also have repercussions for periodontal health. Therefore, the effects of lifetime estrogen exposure 

on the periodontal parameters of post-menopausal women during PMT, 5 to 10 years post-ST, were of 

interest. 

 

Figure 1.3.1. Proposed Predictors of Sanative Therapy Outcomes in Patients 5 to 10 Years Post-

Sanative Therapy: There are eight proposed predictors of periodontal health included in this study. In 

yellow, the non-modifiable predictors (sex, age, and baseline probing depth) are included. Modifiable 

predictors include physical activity and exercise, sedentary time, flavonoid intake, protein intake, 

smoking status, and body mass index (shown in blue). 

 

1.3.2 COVID-19 and Periodontal Health 

In March 2020, the World Health Organization declared a global pandemic of coronavirus disease 

(COVID-19) resulting in mass lockdowns, stay-at-home orders, and the closure of dental offices in 
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Ontario for 11 weeks. While effective for slowing down and preventing the spread of COVID-19, these 

measures have also had significant impacts on the mental and physical health of Canadians. Many 

Canadians have reported increased sedentary time, increased screen time, decreased physical activity, 

eating more, consuming more alcohol, and increased anxiety (Ammar et al., 2020; Carroll et al., 2020; 

Lesser & Nienhuis, 2020; Zajacova et al., 2020). Given that the pandemic is still ongoing, the long-term 

effects on periodontal health remain largely unknown. As a result of COVID-19, we were interested in 

understanding how periodontal patients altered their eating, exercise, and oral hygiene habits, as well as 

any other changes in their daily routines to gain an understanding of how these factors might impact 

periodontal health. 

1.3.3 COVID-19 Considerations 

 While this study was designed to collect data on physical activity, exercise, sedentary time, 

flavonoid intake, protein intake, and lifetime estrogen exposure, pandemic-related challenges with patient 

recruitment led to a small sample size of 12 participants. Therefore, the originally planned multiple 

regression analysis was not used as the results would have been extremely underpowered and therefore 

not meaningful. While we had planned on asking interview questions relating to patient experiences with 

COVID-19 to be included as supplemental information, the study hypotheses were altered after data 

collection and we chose to use this study as a pilot study focusing on experiences of patients relating to 

COVID-19. Therefore, the results of this pilot study should be used to design future studies aimed at 

exploring the relationship between periodontal health and behavioral changes resulting from the COVID-

19 pandemic. The original study objectives and hypotheses can be found in Appendix 8.12.    
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CHAPTER 2 OBJECTIVES AND HYPOTHESES 
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2.1 Objectives  

The primary objective was to determine if patients who are 5 to 10 years post-ST experienced significant 

changes in periodontal health (PPD, BOP, PI) resulting from delays in their regular periodontal 

maintenance appointments caused by the COVID-19 global pandemic.  

The secondary objectives were:  

• To assess the changes that patients experienced in terms of diet, physical activity, and oral 

hygiene behaviors due to the COVID-19 pandemic.  

• To characterize the physical activity, protein intake, fruit and vegetable intake, age, sex, smoking 

status, and body mass index of patients 5 to 10 years post-ST.  

2.2 Hypotheses  

Primary hypothesis: Patients whose care is interrupted by the COVID-19 pandemic would experience 

significant increases in number of sites with PPD ≥ 4 mm, number of sites with BOP and plaque 

index scores.  

The following hypotheses were related to the secondary objectives of the study:  

• Patients would report poorer diet quality, reduced physical activity, and no changes in oral 

hygiene behaviors as a result of COVID-19.  

• At 5 to 10 years post-ST, patients would exhibit levels of physical activity that do not 

meet Canadian guidelines, consume less than recommended levels of fruits, vegetables, and 

protein, have a BMI > 25, and be current smokers.  
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3.1 Study Design 

This study was registered at clinicaltrials.gov in November 2020 (NCT04639661) and approved 

by the Human Bioscience Research Ethics Board at Brock University, St. Catharines, Ontario (File #20-

070-Ward, Appendix 8.2). The study was conducted at a private periodontal clinic in Southern Ontario. A 

retrospective study design was used with the main study outcome being ‘change in periodontal health’ 

(measured as PPD, BOP and PI) and the two exposure groups as patients who experienced a delay in 

PMT appointments due to COVID-19 (Delay Group) and patients who did not experience delays (No 

Delay Group). Patients were invited to the study if they had received ST at the clinic 5 to 10 years ago, 

and routinely visited the clinic for periodontal maintenance appointments. Participants had to be able and 

willing to complete online questionnaires from home and give permission for access to their periodontal 

records from the time of ST to present day. Exclusion criteria included women who were currently 

pregnant or breastfeeding (hormonal changes during pregnancy are known to cause gingival 

inflammation), and individuals less than 19 years of age as they are unable to provide their own consent. 

Patients with known risk factors for periodontal disease such as smoking and chronic diseases such as 

diabetes mellitus, cardiovascular disease, and osteoporosis were included so study results would be 

clinically meaningful as many patients with periodontitis have coexistent chronic health conditions. 

All patients who had periodontal maintenance therapy (PMT) appointments scheduled between 

November 2020 and May 2021 and had received ST 5 to 10 years ago were initially invited to the study 

one week prior to their appointment during a routine reminder phone call from the clinic. If patients 

indicated interest in the study over the phone, they were emailed the study information including the 

Letter of Invitation (Appendix 8.3) and Letter of Informed Consent (Appendix 8.4). If the patient could 

not be reached by phone, a voicemail was left for the patient indicating they would receive an email with 

the study information. The email received by patients outlined instructions to access three online 
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questionnaires: A Physical Activity & Reproductive History questionnaire, Supplement & Tea Intake 

Questionnaire, and the ASA-24 dietary recall. Additionally, patients were given a link to an availability 

form to schedule a meeting with the student researcher (H.E.Y.). During this meeting, the patient was 

screened for inclusion and exclusion criteria and given a chance to review all study requirements and ask 

questions. Additionally, the student researcher asked the participants four interview questions related to 

the impacts of COVID-19 on their lifestyle (Appendix 8.5). Patients received follow-up email and phone 

call reminders to complete the study if necessary. 

3.2 Periodontal Examination 

Periodontal parameters were recorded from pre-ST to Present Day. Four main time points were 

used for data analysis: Pre-ST, 8 to 16 weeks Post-ST, the patient’s last appointment prior to the COVID-

19 pandemic (Pre-COVID), and the Present Day appointment (Figure 3.1). Given that the COVID-19 

pandemic resulted in closure of the clinic and interrupted the regularly scheduled maintenance 

appointments for many patients, periodontal parameters from the patient’s last appointment prior to 

March 23, 2020 (when the province of Ontario closed all non-essential businesses as a result of the 

COVID-19 global pandemic) were compared to their most recent appointment. This allowed for 

determination of a significant effect of COVID-19 on periodontal health. The Pre-ST, Post-ST, and Pre-

COVID data points were obtained retrospectively through patient records, and the 5 to 10 years post-ST 

data collection took place during the patient’s Present Day appointment. The 5 to 10-year post-ST 

timeframe was selected to reflect that patients undergoing routine periodontal maintenance have likely 

reached a relatively stable state with respect to their periodontal health. 

At each time point, PPD, BOP, and PI were recorded and used for analysis. No changes were 

made to the patient appointments as these are all routine measures of periodontal health recorded by the 

dental hygienist at each visit. PPD was measured at six sites per tooth (mesiobuccal, buccal, distobuccal, 



46 

 

mesiolingual, lingual, and distolingual) using a UNC15 Probe (Hu-Friedy) and the number of sites with a 

PPD ≥ 4 mm was used for analysis. The number of sites with BOP were visually assessed and recorded 

immediately following PPD measurements to accurately assess active sites of periodontal disease. Both 

PPD and BOP measurements were completed at the beginning of the appointment, prior to cleaning. PI 

was calculated using the O’Leary Plaque Index by assessing the percentage of tooth surfaces covered in 

soft deposits, either plaque or dental biofilm. The dental hygienists recording PPD, BOP and PI were 

blinded to the study process, and would not be aware of who was participating in the study during the 

routine collection of any periodontal parameters at the Present Day appointment.  

3.3 Patient Information/Medical History 

Patient information including age, gender, smoking status (recorded as never, former or current), 

allergies, health conditions and medication use were collected from the patient’s medical history forms 

(Appendix 8.6). Additional information regarding oral hygiene habits, frequency and rotation of 

periodontal and dental appointments, and information regarding changes to appointments was collected 

from patient charts. 

3.4 Questionnaires and Assessment Tools 

At the Present Day time point, participants were given instructions to complete the following 

online questionnaires to be submitted to the researchers: Godin-Shepard Leisure Time Exercise 

Questionnaire (GSLTEQ), International Physical Activity Questionnaire (IPAQ), Automated Self-

Administered 24-Hour (ASA-24®) Dietary Assessment Tool, and a Supplement and Tea Intake 

Questionnaire. A modified Lifetime Estrogen Exposure Index (Appendix 8.11) was also required for 

female participants. The Letter of Informed Consent, GSLTEQ, IPAQ and modified Lifetime Estrogen 

Exposure Index were combined into one Qualtrics survey that also asked patients to self-report their 
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height, weight, and sex. Study participants completed questionnaires on their own but were offered 

technical support from the student researcher if necessary.  

3.5.1 Physical Activity Measures 

The GSLTEQ (Appendix 8.7) and IPAQ (Appendix 8.8) were used to measure exercise and 

physical activity. The GSLTEQ is a four-item self-administered questionnaire that measures the number 

of times one engages in mild (minimal effort), moderate (not exhausting), and strenuous (heart beats 

rapidly) exercise of at least 15-minute duration recalled during a 7-day period (Amireault & Godin, 2015; 

Godin, 2011; Godin & Shepard, 1985). The GSLTEQ shows accuracy in measuring high intensity 

activity but is less robust in measuring light or moderate activity (Besson et al., 2010; Jacobs et al., 1993; 

Sylvia et al., 2014). Using only moderate and strenuous components of the GSLTEQ, patients were 

classified as active or insufficiently active (Amireault & Godin, 2015; Godin, 2011). The cut-off point for 

this classification is based on both the weekly frequency (i.e., ≥ 3 times/wk.) and energy expenditure (i.e., 

about ≥ 1000 kcal/wk or ≥ 14 Kcal/kg/wk) from moderate-to-vigorous physical activity that are 

associated with substantial health- and fitness-related benefits (Amireault & Godin, 2015) and aligns with 

the Canadian Physical Activity Guidelines (Tremblay et al., 2011). The study methods were selected 

prior to the recent release of the Canadian 24-Hour Movement Guidelines (Ross et al, 2020), and as a 

result, the Canadian Physical Activity Guidelines were used to group patients into active or insufficiently 

active categories since previous research used these groupings.  

To capture all domains of physical activity, the IPAQ self-administered long-form was used in 

addition to the GSLTEQ. The IPAQ is a standardized questionnaire used to estimate habitual practice of 

physical activities of populations based on a 7-day recall. The IPAQ long-form can be used to determine 

domain-specific scores for walking, moderate-intensity, and vigorous-intensity activities within four 

domains: work, transportation, domestic chores and gardening, and leisure-time. In this pilot study, the 
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IPAQ was used to group participants into one of three categories: low, moderate, and high physical 

activity. Participants in the moderate or high categories were considered to have met the Canadian 

physical activity guidelines of 150 min/week of moderate or 75 min/week of vigorous-intensity activity, 

which is equivalent to expending 450–750 METs·min/week (Haskell et al., 2007). Additionally, the 

IPAQ was used to provide a measure of sedentary time in the form of minutes spent sitting. This measure 

was generated by combining the answers to several questions that estimate time spent sitting on a typical 

weekday, weekend day and time spent sitting during travel. The IPAQ was designed to be used by people 

from a variety of cultural and socioeconomic backgrounds, is validated for use in populations from age 

15-69 years old (Gauthier et al., 2009; Y. Kim et al., 2013; van der Ploeg et al., 2010), and has also been 

used in the Canadian Health Measures Survey. The IPAQ long-form has demonstrated very 

good/excellent repeatability over a one- or two-week period (Craig et al., 2003; Maddison et al., 2007; 

Meriwether et al., 2006), despite sample sizes of less than 100 participants (Maddison et al., 2007; 

Meriwether et al., 2006). Additionally, the IPAQ long-form has demonstrated moderate validity with both 

accelerometer and doubly labeled water technique (Maddison et al., 2007; van der Ploeg et al., 2010).  

3.5.2 Dietary Intake Assessment  

To assess dietary intake, specifically of protein, fruit, and vegetable intake, the 2018 Canadian 

version of the Automated Self-Administered 24-Hour (ASA-24®) Dietary Assessment Tool was used 

(Appendix 8.9). Participants were asked to complete the ASA-24 on three non-consecutive days – two 

weekdays and one weekend day. This method was recommended to minimize patient burden while 

getting a more accurate representation of actual dietary intake. A 24-hour dietary recall is considered 

appropriate for use in cross-sectional studies and has been found to result in less error due to recall bias 

and systematic error when compared with food frequency questionnaires (Park et al., 2018). The ASA-24 

is a web-based system that uses the United States Department of Agriculture's Automated Multiple-Pass 
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Method, which has been validated and shown to estimate mean total energy and protein intakes that are 

somewhat lower than those estimated from recovery biomarkers, demonstrating better results than food 

frequency questionnaires (Moshfegh et al., 2008; Park et al., 2018; Subar et al., 2003). The ASA-24 has 

been used in population studies including both male and female participants between the ages of 30-74 

years (Moshfegh et al., 2008; Park et al., 2018; Subar et al., 2003). The ASA24-Canada (2018) was used 

to estimate protein, fruit, and vegetable intake as this version was adapted using the Canadian Nutrient 

File and has been found to be a viable tool for use in Canadian adult populations (Kirkpatrick et al., 

2017).  

3.5.3 Supplement and Tea Intake 

Intakes of supplements and tea was recorded using an online questionnaire available on the 

clinic’s website (Appendix 8.10). This form is routinely used by the clinic to gather information to be 

kept in patient charts. Patients were asked to provide the dose, brand, frequency, and duration of their 

supplement intake. If the exact brand was not reported, the most commonly used brand was used. 

Participants were also asked to provide their frequency of tea intake, and indicate the type of tea (herbal, 

rooibos, black, green, white, oolong, pu’er or other) they consumed.  

3.5.4 Anthropometric Measures 

As body mass index (BMI) is a potential confounder for periodontal disease, patients were asked 

to self-report their height and weight during completion of their online surveys. This self-report method 

was chosen because of COVID-19, to limit the potential exposure of patients and clinic staff.  

3.5.5 COVID-19 Interview Questions 

To gain an understanding of how patients were impacted by the COVID-19 global pandemic, 

study participants were asked the following interview questions:  

1. Have your physical activity habits been affected by COVID-19 in any way?  
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2. Has COVID-19 led to any changes in your eating habits? 

3. Have your oral hygiene behaviors (such as brushing and flossing) changed due to COVID-19? 

4. Has the COVID-19 pandemic led to any major changes in your daily routine such as working 

from home?  

The full interview script can be found in Appendix 8.5. For each question, if the participant responded 

‘yes’, they were asked how they thought their behavior had changed.
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Figure 3.1 Retrospective Study Design. Periodontal parameters were collected at 4 time points – Pre-Sanative Therapy (ST), 8-16 

weeks Post-ST, pre-COVID and at an appointment 5-10 years post-ST. Information obtained from the pre-ST appointment included a 

baseline medical and dental history, probing depth, bleeding on probing, plaque index and number of teeth present. After ST, patients 

underwent maintenance at regularly scheduled 3-, 4-, 6- or 12-month intervals, as determined by the periodontist. At the first 

appointment 8-16 weeks post-ST, data collected for analysis included any changes to medications, probing depth, bleeding on 

probing, plaque index and any teeth lost due to periodontitis. At the 5-10 years post-ST appointment, data collected included an update 

to the baseline medical and dental history, medication use, probing depth, bleeding on probing, plaque index, tooth loss, and additional 

questionnaires for physical activity, diet, and lifetime estrogen exposure. Patients were also asked interview questions regarding their 

experience with COVID-19.
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3.6 Statistical Analysis 

 To address the primary objective, three independent t-tests were used to determine if there was a 

significant difference between two groups: patients who experienced a delay in appointments and patients 

who did not experience delays in appointments as a result of COVID-19. The average number of sites 

with PPD ≥ 4 mm, number of sites with BOP and plaque index scores were compared between the two 

groups. Univariate normality, homoscedasticity, and independence of observation assumptions were 

tested. There was one identifiable outlier for Present Day PPD which was replaced with a value equal to 

two standard deviations above the mean. Given that PPD, BOP and PI did not meet the assumption of 

normality, presumably due to a small sample size, the Independent-Samples Mann-Whitney U-test was 

used in place of the independent t-tests. To address the secondary objectives, only descriptive statistics 

were used (mean and standard deviation). SPSS version 27 was used to analyze all statistical procedures 

(Armonk, New York). Statistical significance was defined as p < 0.05. 

Analysis of Responses to Interview Questions 

The COVID-19 interview questions resulted in four ‘yes’ or ‘no’ responses that were intended to 

be used to quantify the interview results. Participants were also asked why they responded ‘yes’ or ‘no’, 

and the interviewer summarized these responses. Responses beyond ‘yes’ or ‘no’ were recorded to 

understand how COVID-19 may have affected the lifestyle behaviors of participants.  
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CHAPTER 4 RESULTS 
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 4.1 Participant Characteristics 

  All patients who met study inclusion criteria and who attended PMT appointments between 

November 2020 and May 2021 were invited to the study. Figure 4.1 summarizes patient recruitment and 

final sample size. 126 patients were contacted about the study and 52 patients expressed interest in 

participating while 74 patients were either not interested in participating or never responded to the email 

invitation. Of the 52 patients who expressed interest, a total of 12 patients provided informed consent and 

completed the study. Patient characteristics and clinical outcomes are shown in Table 4.1. 

 

Figure 4.1 Patient recruitment flow diagram  
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Table 4.1 Characteristics and Clinical Outcomes of Study Participants  

 All Participants 

(n = 12) 

Female 

(n = 7) 

Male 

(n = 5) 

Present Day Patient Characteristics 

     Male 5 (42%) - - 

     Female  7 (58%) - - 

     Age (years) 64 ± 8 64 ± 12 64 ± 6 

     BMI (Kg/m2) 29.2 ± 6.9 30.5 ± 4.5 28.4 ± 8.5 

Normal (18.5 - 24.9 kg/m2) 4 (33%) 3 (43%) 1 (20%) 

Overweight (25.0 - 29.9 kg/m2) 4 (33%) 3 (43%) 1 (20%) 

Obese (≥ 30.0 kg/m2) 4 (33%) 1 (14%) 3 (60%) 

   Current Smokers 0 0 0 

     Former smokers 8 (67%) 5 (71%) 3 (60%) 

Quit (# of years ago) 18 ± 11 22 ± 10 10 ± 7 

Years smoked 17 ± 9 14 ± 9 22 ± 9 

     Non-smokers 4 (33%) 2 (29%) 2 (40%) 

Comorbidities 

     Diabetes 3 (25%) 0  3 (60%) 

     HTN or CAD 6 (50%) 2 (29%) 4 (80%) 

     Osteoporosis 0  0 0 

     Number of medications 4 ± 3 4 ± 3 3 ± 3 

Oral Hygiene  

     Brushing (times/day) 2 ± 0 2 ± 0 2 ± 0 

     Flossing (times/week) 7 ± 3 5 ± 2 8 ± 3 
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     Electric toothbrush use 12 (100%)  7 (100%) 5 (100%)  

     Frequency of cleanings (months) 3 ± 1 3 ± 0 4 ± 1 

     Alternating cleanings with dentist 8 (67%) 4 (57%) 4 (80%) 

Pre-ST Clinical Outcomes     

     Number of teeth 25 ± 4 23 ± 6 26 ± 2 

     PD (# sites ≥ 4 mm) 83 ± 39 89 ± 51 78 ± 31 

     BOP (# sites) 52 ± 41 44 ± 33 57 ± 48 

     Plaque index (%) 67 ± 28 90 ± 22 50 ± 18 

     Follow-up time (days)* 66 ± 28 109 ± 158 35 ± 36 

1 All values are means ± SDs for continuous variables and counts (%) for categorical variables. 

Abbreviations: BOP, bleeding on probing; CAD, coronary artery disease; HTN, hypertension; PPD, 

periodontal probing depth.  

*Follow-up time is the time between sanative therapy and the first appointment post-sanative therapy, 

which is generally scheduled 8-12 weeks after sanative therapy. 

 

4.2 Exploratory Analyses 

            Due to the COVID-19 pandemic, the recruitment of participants was challenging and resulted in 

markedly fewer participants than needed for the original objectives. Thus, the objectives of this study 

were determined a posteriori. Therefore, the findings of this study are intended to guide future research 

and can provide useful insights into the practical considerations when designing a clinical study that 

requires participants to complete several different types of questionnaires and within a virtual 

environment. 

Tracking of Patient Periodontal Parameters over Time 

Measures of periodontal health, including PPD, BOP and PI are shown in Figures 4.2.1 to 4.2.6 

illustrate changes in periodontal parameters that have occurred since the pre-ST appointment for each 

patient. Figures 4.2.2, 4.2.4 and 4.2.6 reflect the changes since the post-ST appointment to focus on the 

periodontal maintenance phase rather than the periodontal healing phase.  
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Figure 4.2.7 illustrates the average number of sites with PPD ≥ 4 mm for all patient appointments 

over time period for which retrospective data was collected. For each patient, the average number of sites 

with PPD ≥ 4 mm was calculated for every year they attended PMT. Then, a combined average number 

of sites with PPD ≥ 4 mm for all patients was calculated for each year from 2011 to 2021. For 

individuals, the number of sites with PPD ≥ 4 mm ranged from 0 to 57 sites for all PMT appointments. 

The mean number of sites with PPD ≥ 4 mm for all patients ranged from an average of 9 to 15 sites 

across all years. 

 

Figure 4.2.1 Probing depth at Pre-ST appointment, Post-ST, Pre-COVID and Present Day. Time from 

Pre-ST to Post-ST appointment ranged from 2 to 15 months, time from Post-ST appointment to Pre-

COVID appointment ranges from 4 to 9 years, and time from Pre-COVID appointment to Present Day 

ranges from 10 to 18 months. Females are denoted as F and Males are denoted as M. Patients who had 2 

– 6 month delays in appointments are represented by dashed lines, patients without delayed appointments 

are represented by solid lines. 
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Figure 4.2.2 Probing depth at Post-ST, Pre-COVID and Present Day appointments. Time from Post-ST 

appointment to Pre-COVID appointment ranges from 4 to 9 years, and time from Pre-COVID 

appointment to Present Day ranges from 10 to 18 months. Females are denoted as F and Males are 

denoted as M. Patients who had who had 2 – 6 month delays in appointments are represented by dashed 

lines, patients without delayed appointments are represented by solid lines. 
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Figure 4.2.3 Bleeding on probing at Pre-ST appointment, Post-ST, Pre-COVID and Present Day. Time 

from Pre-ST to Post-ST appointment ranged from 2 to 15 months, time from Post-ST appointment to Pre-

COVID appointment ranges from 4 to 9 years, and time from Pre-COVID appointment to Present Day 

ranges from 10 to 18 months. Females are denoted as F and Males are denoted as M. Patients who had 2 

– 6 month delays in appointments are represented by dashed lines, patients without delayed appointments 

are represented by solid lines. 
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Figure 4.2.4 Bleeding on probing at Post-ST, Pre-COVID and Present Day appointments. Time from 

Post-ST appointment to Pre-COVID appointment ranges from 4 to 9 years, and time from Pre-COVID 

appointment to Present Day ranges from 10 to 18 months. Females are denoted as F and Males are 

denoted as M. Patients who had 2 – 6 month delays in appointments are represented by dashed lines, 

patients without delayed appointments are represented by solid lines. 
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Figure 4.2.5 Plaque index at Pre-ST appointment, Post-ST, Pre-COVID and Present Day. Time from Pre-

ST to Post-ST appointment ranged from 2 to 15 months, time from Post-ST appointment to Pre-COVID 

appointment ranges from 4 to 9 years, and time from Pre-COVID appointment to Present Day ranges 

from 10 to 18 months. Females are denoted as F and Males are denoted as M. Patients who had 2 – 6 

month delays in appointments are represented by dashed lines, patients without delayed appointments are 

represented by solid lines. 
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Figure 4.2.6 Plaque index at Post-ST, Pre-COVID and Present Day appointments. Time from Post-ST 

appointment to Pre-COVID appointment ranges from 4 to 9 years, and time from Pre-COVID 

appointment to Present Day ranges from 10 to 18 months. Females are denoted as F and Males are 

denoted as M. Patients who had 2 – 6 month delays in appointments are represented by dashed lines, 

patients without delayed appointments are represented by solid lines. 

Figure 4.2.7 Average probing depth post-ST, measured as number of sites with PD ≥ 4mm, of (a) female, 

(b) male, and (c) all patients combined. Data is expressed as mean PD from 2011-2021. Due to the 

retrospective design, sample size increases with time as patients who received ST in the previous 5-

10 years were recruited to the study. N decreases in 2021 because four participants completed their 

Present Day measurements in 2020. 
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The Pre-COVID and Present Day PPD, BOP, and PI measures were compared between two 

groups: patients who had their PMT appointment delayed as a result of the COVID-19 pandemic (Delay 

Group) and patients who maintained their regularly scheduled appointment interval (No Delay Group) 

(Table 4.2.1, Figure 4.2.8). For the No Delay Group, the mean number of sites with PPD ≥ 4 mm was 11 

± 10, mean number of sites with BOP was 16 ± 18, and mean plaque index score was 46 ± 29%. For the 

Delay Group, mean number of sites with PPD ≥ 4 mm was 7 ± 6, mean number of sites with BOP was 7 

± 6, and mean plaque index score was 51 ± 26%. There were no significant differences in PPD, BOP and 

PI between the groups at the pre-COVID appointment or Present Day appointment (p > 0.05).  

Table 4.2.1. Pre-COVID and Present Day Periodontal Parameters Among Patients With and Without 

Delayed Appointments 

 Patients with Delayed 

Appointment (n = 6) 

Patients with No Delayed 

Appointment (n=6) 

p-value 

Pre-COVID  

PPD (# of sites ≥ 4 mm) 6 ± 3 15 ± 19 0.589 

BOP (# of sites) 7 ± 6 11 ± 15 0.699 

Plaque Index (%) 59 ± 31 45 ± 29 0.310 

Present Day 

PPD (# of sites ≥ 4 mm) 7 ± 6 11 ± 10 0.589 

BOP (# of sites) 7 ± 6 16 ± 18 0.589 

Plaque Index (%) 51 ± 26 46 ± 29 0.699 

1 All values are means ± SDs. Abbreviations: BOP, bleeding on probing; PPD, periodontal probing depth. 

Significance level of p < 0.05. 
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Figure 4.2.8 (a) Average number of sites with probing depth ≥ 4mm, (b) average number of sites with 

bleeding on probing, and (c) average plaque index scores at the Present Day appointment in patients with 

appointments delayed 2-6 months due to COVID-19 versus patients who did not experience delayed 

appointments.  
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Table 4.2.2 Change in Periodontal Parameters from Pre-COVID to Present Day Appointment  

2-6 Month Delay in Appointment No Delay in Appointment 

Patient 

ID 

From Pre-COVID to Present Day Patient 

ID 

From Pre-COVID to Present Day 

Change in 

# sites PD 

≥ 4mm 

Change 

in # sites 

BOP 

Change in 

Plaque 

Index 

Change in # 

sites PD ≥ 

4mm 

Change 

in # sites 

BOP 

Change in 

Plaque 

Index 

F2 +6 +5 +20% F1 -1 0 0 

F3 0 +3 0 F6 0 -2 -9.3% 

F4 0 +7 -25% F7 +4 +13 +5% 

F5 -1 -12 -42.3% M1 0 +5 +16% 

M2 +4 -1 -53.4% M3 -8 +16 -28.6 

M5 0 -4 +50.6% M4 0 0 +25.4% 

1 Patients in red are patients who experienced a change in stage/grade or stability classification. 

While many patients experience changes in PD, BOP and PI, no clear patters emerged between 

the two groups (Table 4.2.2). Based on the new 2017 classification guidelines for periodontal disease, 

only 3 patients had a change in stability and/or stage and grade of periodontal disease.  

4.3 Responses to COVID-19 Interview Questions  

The results of the interview questions are compiled in Table 4.3. Ten of the 12 study participants 

completed the interview questions over the phone with the student researcher (HEY). For each question, 

if participants responded “yes” to perceived changes in physical activity, dietary habits, oral hygiene 

behaviors, and/or changes to daily routine, they were also asked to provide details as to how or why they 

thought these changes had occurred. 
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Table 4.3 Responses About How COVID-19 Altered Lifestyle Behaviors  

 Patient Responses (#) 

Yes No 

Have your physical activity habits been affected by 

COVID-19 in any way?  
8 2 

Has COVID-19 led to any changes in your eating habits?  8 2 

Have your oral hygiene behaviors (such as brushing and 

flossing) changed due to COVID-19?  
1 9 

Has the COVID-19 pandemic led to any major changes in 

your daily routine such as working from home?  
4 6 

When asked about physical activity, 4 participants reported decreased levels of activity, two 

participants reported increased levels, and two participants reported changes in the type or physical 

activity they were doing but did not state an increase or a decrease in the level of activity. Decreased 

physical activity was reported due to being unable to participate in activities such as golfing, hockey, and 

baseball; not leaving the house as much for errands and shopping; and walking less. In participants who 

reported increased physical activity, this change was attributed to going outside to walk more and doing 

more house or yardwork. Two participants reported no change in physical activity.  

When asked if their eating habits changed as a result of COVID-19, 8 participants reported ‘yes’. 

These changes were attributed to eating out less, snacking more, eating out of boredom, and cooking or 

baking more. Two participants reported no changes in eating habits – one individual reported that they 

were already cooking and eating at home most of the time, and the other individual reported that they 

switched from eating out to ordering takeout but otherwise had not changed their eating habits.  

When asked if their oral hygiene habits were affected by COVID-19, all participants said no 

except one participant who reported flossing more. Another stated that they might be brushing their teeth 

slightly more often, but still replied “no” when asked if their oral hygiene habits had changed. Finally, 
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when asked if the COVID-19 pandemic led to any major changes in daily routine, 4 participants 

responded “yes”. Two reported working from home more, two reported that they were retired but had 

been engaging in less social activities, and one reported leaving the house less for errands and groceries. 

Of the 6 participants who replied “no”, 4 reported that they were retired, one reported being an essential 

worker, and one did not state a reason for their response. 

4.4 Physical Activity Questionnaire Results  

All 12 study participants completed both physical activity questionnaires (GSLTEQ and IPAQ); 

however, two participants were removed from the IPAQ analysis due to unreasonably high and/or 

missing data. Figure 4.4a shows the responses to the GSLTEQ questionnaire, a measure of exercise. 

Figure 4.4b shows the responses to the IPAQ questionnaire, a measure of total physical activity. The 

GSLTEQ found 3 participants to have met the Canadian Physical Activity Guidelines recommendation 

for 150 minutes of moderate or 75 minutes of vigorous physical activity per week while IPAQ results 

indicated 8 participants met the Canadian Physical Activity Guidelines.  
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Figure 4.4 Physical activity in participants who had delays in appointments due to COVID-19 and 

patients without delays. (a) Godin-Shephard Leisure Time Exercise Questionnaire (GSLTEQ) scores. (b) 

International Physical Activity Questionnaire (IPAQ) scores. Moderate and high scores are grouped 

together to align with Canadian 24-Hour Movement Guidelines (Ross et al., 2020). Participants scoring 

moderate/high are considered to have met Canadian guidelines. 

 

4.5 Dietary Intake Results 

Ten participants completed the ASA-24, and eleven participants completed the Tea and 

Supplement Questionnaire. Fruit, vegetable, and tea intake were calculated in cup equivalents (273ml) 

per day (Figure 4.5.1). No statistical analyses were performed on this data given the small sample size 

and high level of error associated with use of dietary recalls. Overall, average fruit intake (0.41 cups/d) 

and vegetable intake (1.7 cups/d) were below recommended intakes. Tea intake was an average of 2.5 

cups/week. Six participants reported consuming herbal tea, seven reported consuming black tea, and three 

reported consuming green tea. Protein intake is shown in Figure 4.5.2a and b. Average protein intake was 
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73.7 ± 23.0 g or 0.93 ± 0.31 g/kg of bodyweight. Fruit, vegetable, and nutrient intakes were energy 

adjusted and standardized to a 2000 Kcal diet using the residual method (Willett & Howe, 1997). 

  

Figure 4.5.1 Average fruit, vegetable, and tea intake in participants who had delays in appointments due 

to COVID-19 and patients without delays measured in cup equivalents (237ml). Fruit and vegetable 

intakes were energy adjusted and standardized to a 2000 Kcal diet using the residual method (Willett & 

Howe, 1997). 
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Figure 4.5.2a and b. Protein intake in participants who had delays in appointments due to COVID-19 

and patients without delays. Measured in (a) grams, and (b) grams/kg body weight. The current 

recommended dietary allowance (RDA) for protein intake is 0.8 g/kg body weight/day. 
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CHAPTER 5 DISCUSSION 
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5.1 Discussion 

While numerous studies have investigated the relationship between periodontal health and 

frequency of PMT appointments, this pilot study was the first to explore if short-term delays in patient 

appointments – specifically related to the COVID-19 global pandemic - resulted in significant changes in 

periodontal health in long-term PMT patients. The results of this study demonstrate that at 5 to 10 years 

post-ST, a small gap in care of 2 – 6 months did not result in significant changes in PPD, BOP and PI. 

The mean number of sites with PPD ≥ 4 mm ranged from 9 to 15 sites between 2011 and 2021, 

demonstrating very little change over a 5 to 10-year period. All patients experienced large decreases in 

PPD following initial ST, and these changes were well maintained over the course of 5 to 10 years of 

PMT. Similar findings were reported in a study by Sparrow et al. (2021) where at 1 to 5 years post-ST, 

PPD measures were significantly lower than PPD at pre-ST and post-ST appointments. Patients from this 

study were recruited from the same clinic as the present study. Sparrow et al. (2021) reported an average 

of 16.5 sites with PPD ≥ 4mm in patients with dry mouth, and 14.9 sites with PPD ≥ 4mm in patients 

without dry mouth at the present-day time point. Overall, the findings of the present study align with 

current literature which suggests that ST is highly effective for the treatment and management of 

periodontal disease in most subjects (Sanz et al., 2012), and attending regular PMT appointments after ST 

is important to maintaining periodontal health (Costa et al., 2015, 2018; Tonetti et al., 2017).  

As expected, based on previous studies and known effectiveness of ST in the initial management 

of periodontal disease, decreases in number of sites with BOP and PI scores were also observed from pre-

ST to post-ST– these changes were observed in most, but not all patients. Compared to PPD, there were 

larger fluctuations in BOP and PI over the 5 to 10-year time span, likely due to BOP and PI being more 

sensitive measures of periodontal health. Changes in oral hygiene habits and increased inflammation can 

result in acute changes in BOP and PI that indicate worsening of periodontal health, but do not always 
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result in changes to PPD. Thus, it is likely that with regular PMT and motivated oral hygiene behavior, 

many changes to PPD can be prevented. A 5-year longitudinal study by Costa et al. (2015) reported that 

patients experienced greater reductions in BOP in the first year following initial surgical or non-surgical 

treatment of periodontal disease, and higher values (36.7% for the irregular complier group and 31.4% for 

the regular complier group) were observed at 3 years. Furthermore, the study by Costa et al. (2015) found 

no difference in BOP between patients who attended all their PMT appointments at intervals of 6 months 

or less (regular compliers) compared to patients who attended PMT appointments less frequently 

(irregular compliers). However, regular compliers had significantly lower PI scores than irregular 

compliers 5 years after initial treatment.  

In the present study, no significant difference in PPD, BOP, and PI was found between patients 

who experienced appointment delays and patients without appointment delays. This is likely a result of 

the appointment delays in this cohort being relatively short – the longest delay experienced by 

participants in this study was 6 months. For significant changes in PPD, BOP and PI to occur, a larger 

appointment delay may be necessary. The COVID-19 pandemic was ongoing throughout the course of 

this study, and many patients were continuing to delay or cancel appointments at the time that recruitment 

closed. Therefore, many of the patients who delayed their appointments for greater than 6 months were 

not contacted for the study, and are anticipated to have larger changes in PPD, BOP and PI when they do 

return to the clinic. Moreover, patients in this study reported brushing their teeth twice a day and flossing 

an average of 7 times a week – only one patient reported experiencing changes in oral hygiene behaviors 

as a result of the COVID-19 pandemic and attributed this change to flossing more. Thus, oral hygiene 

habits in this study sample were very good and did not appear to be altered by the pandemic – this may 

have contributed to the non-significant results. Additionally, the patients who were willing to participate 

in this study were likely highly motivated and interested in their general health, which may have 
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contributed to their oral hygiene diligence. Based on the findings of the current study, future studies 

assessing the impact of delayed appointments may benefit from grouping patients based on a cutoff point 

of 6 months or greater rather than the 2-month cutoff point used in this study. The lack of significant 

results in this study is likely due to the small sample size, high motivation levels of patients, and 

relatively short appointment delays, and further research will be needed to determine the impact of 

COVID-19 appointment delays on periodontal health in patients 5 to 10 years post-ST. 

Assessment of Lifestyle Changes due to the COVID-19 Pandemic 

Overall, 40% of interviewed participants reported a decrease in level of physical activity due to 

COVID-19. Numerous studies support the idea that Canadian adults have decreased their physical 

activity levels during the pandemic (di Sebastiano et al., 2020; Lesser & Nienhuis, 2020; Manuel et al., 

2021; Woodruff et al., 2021). However, one study did find that 33% of inactive individuals became more 

active during the first 2 months of the pandemic (Lesser & Nienhuis, 2020). Interestingly, two 

participants reported increased levels of physical activity in the present study – both reported that they 

were still working during the pandemic, while 3 of the 4 individuals who reported decreased physical 

activity were retired. Both participants who reported increased physical activity attributed this change to 

going outside to walk and do yardwork or house chores more often. The 3 retired individuals who 

reported decreased physical activity attributed this change to less shopping, golfing, yardwork, and 

walking, and were classified as ‘insufficiently active’ by the GLTEQ, suggesting that they were already 

quite sedentary. Current literature suggests that individuals who were inactive prior to the pandemic were 

more likely to reduce their physical activity levels during the pandemic compared to individuals who 

were active prior to the pandemic (Lesser & Nienhuis, 2020). While the present study was not able to 

capture activity levels prior to the pandemic, the data suggests that these individuals were not highly 
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active prior to the pandemic as they reported decreases in low intensity activities during their interviews 

and did not report any high intensity activities on the GLTEQ.  

Most studies assessing the relationship between physical activity and the COVID-19 pandemic 

have focused on measuring moderate and vigorous physical activity in adults < 65 years of age (di 

Sebastiano et al., 2020; Lesser & Nienhuis, 2020; Woodruff et al., 2021). While several participants in 

the present study did report decreases in moderate and vigorous physical activity, our data is more 

supportive of decreased participation in light physical activity in adults (< 65) and older adults (≥ 65). 

While moderate and vigorous physical activity is more widely recognized for its health benefits, light 

physical activity has been demonstrated to have positive effects on health in a dose-dependent manner 

(Chastin et al., 2019; Ekelund et al., 2019), and the Canadian 24-Hour Movement Guidelines recommend 

several hours of light physical activity per day (Ross et al., 2020). Thus, stressing the importance of 

maintaining light physical activity may be important during the pandemic, particularly in individuals with 

periodontal disease – periodontal disease is associated with increased risk of numerous chronic diseases 

(Goyal et al., 2017; Jepsen et al., 2020; Martinez-Herrera et al., 2017; Winning & Linden, 2015), and 

reducing or breaking up sedentary behavior may be beneficial for markers of cardiometabolic risk, and 

reducing all-cause mortality (Saunders et al., 2020). Furthermore, preliminary evidence suggests a 

potential positive association between periodontitis, higher risk of ICU admission, and need for assisted 

ventilation and death of COVID-19 patients (Larvin et al., 2020; Marouf et al., 2021). Physical inactivity 

has also been associated with higher risk of severe COVID-19 outcomes (Sallis et al., 2021; Woods et al., 

2020), again suggesting reductions in physical activity could be particularly harmful to the health of 

periodontitis patients during the COVID-19 pandemic. 

Moreover, a study by di Sebastiano et al. (2020) found that while many adults decreased moderate 

and vigorous physical activity during the early weeks of the pandemic, they returned to pre-pandemic 
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levels of moderate and vigorous physical activity after 6 weeks, but light physical activity and steps 

remained significantly lower 6 weeks after the pandemic began. Our study captured research participants 

after the pandemic had been ongoing for 8 to 14 months and suggests changes in light physical activity 

resulting from the pandemic may be sustained for longer durations of time. More research with larger 

sample sizes will be necessary to determine the long-term effects of the COVID-19 pandemic on physical 

activity. 

In addition to the changes in physical activity, 80% of respondents in the present study reported 

changes to dietary habits which were attributed to eating out less, snacking more, eating out of boredom, 

and cooking or baking more. An international survey of over 7700 adults found that significantly more 

meals were being cooked at home, and significantly fewer meals were from prepared foods or food from 

restaurants during the COVID-19 pandemic (Flanagan et al., 2021). However, this data was relatively 

short-term as it was collected in April and May 2020. Our data aligns with the findings of this survey and 

suggests that these changes in dietary habits may have continued several months into the pandemic. An 

additional finding of Flanagan et al. (2021) was an increase in consumption of sweets and sugar-

sweetened beverages, with 43.5% of survey respondents reporting increases in unhealthy snacking during 

the COVID-19 pandemic. Again, our data suggests similar changes in dietary habits, indicating that 

periodontal patients responded similarly to the general population in terms of changes to dietary habits 

during the pandemic. 

As previously mentioned, only one participant reported changes to their oral hygiene behaviors 

because of the pandemic, which was attributed to flossing more. All participants in this study reported 

brushing their teeth with an electric toothbrush at least twice a day and flossing at least twice per week, 

suggesting good oral hygiene habits overall. To the best of our knowledge, no study has reported on 

changes in oral hygiene behaviors related to the COVID-19 pandemic. Given that the participants in this 
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study have received 5 to 10 years of regular PMT appointments where oral hygiene instructions were 

provided, good oral hygiene habits were expected as patients were likely to be highly motivated. Thus, it 

is not surprising that these patients maintained these habits during the pandemic. Oral hygiene instruction 

is recognized as an important part of PMT appointments and can lead to statistically significant 

reductions in plaque and gingivitis (Chapple et al., 2015). It is possible that patients who experience 

delays in appointments for greater than 6 months may not maintain oral hygiene as well as patients in this 

study given that they are not receiving oral hygiene instruction as frequently. Future studies are needed to 

determine if patient oral hygiene behaviors are impacted after longer appointment delays, however, for 

the 2 - 6 month delays reported in this study, oral hygiene behavior was not altered. 

Characteristics of Patients at 5 to 10 Years Post-ST 

Based on the findings of the GSLTEQ, 25% of study participants met the level of activity 

recommended by Canadian Physical Activity Guidelines. Prior to the COVID-19 pandemic, research 

suggests only 16% of adults aged 18 to 79 met recommended levels of physical activity (Tracking 

Physical Activity Levels of Canadians, 2016 and 2017, 2019). Given that many participants reported 

decreased physical activity because of the pandemic, the reported level of patients meeting physical 

activity guidelines in the present study appears higher than may be expected. However, it is common for 

perceived levels of physical activity to be higher than actual physical activity participation (Colley et al., 

2018). Therefore, the apparent higher level of physical activity seen in this study may be a result of the 

use of a 7-day physical activity recall being used to collect physical activity data. Given that meeting the 

Canadian Physical Activity Guidelines confers many health benefits including reductions in the risk of 

cardiovascular disease and diabetes, reductions in levels of physical activity resulting from the COVID-

19 pandemic are cause for concern. However, the results of the GSLTEQ align with Canadian data which 

suggests a highly sedentary population.  
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While the GSLTEQ survey results demonstrate alignment with population-level physical activity 

data in Canadians, the IPAQ form, used to determine total physical activity from all domains (leisure 

time, domestic and gardening, work-related and transport-related physical activity), reported 80% of 

participants to have met physical activity guidelines. The low agreement between the GSLTEQ and IPAQ 

is likely due to overreporting of physical activity on the IPAQ. While both surveys required participants 

to recall activity from the past 7 days, the IPAQ asked for much more detail and was heavily reliant on 

participants being able to accurately self-report the intensity of their physical activity. Additionally, 

individuals tend to be able to report leisure time physical activity more accurately as leisure time 

activities tend to be planned and purposeful (Colley et al., 2018). Furthermore, the age of participants in 

the present study ranged from 45 to 74, however the IPAQ has been validated for use in populations from 

age 15-69 years old (Gauthier et al., 2009; Kim et al., 2013; van der Ploeg et al., 2010). There is some 

evidence to suggest that older adults find questionnaires such as the IPAQ more challenging as they 

participate in lower intensity activities compared to younger adults, and this lower intensity physical 

activity is more difficult to recall than higher intensity activities (Colley et al., 2018; Heesch et al., 2010). 

Additionally, older adults may face more difficulty in recalling physical activity due to memory 

challenges and cognitive decline (Heesch et al., 2010; Tomioka et al., 2011). Future studies of long-term 

periodontal patients may consider using the GSLTEQ or a physical activity questionnaire designed for 

older adults to measure physical activity. 

When characterizing the diet of periodontal patients at 5 to 10 years post-ST, protein, fruit, and 

vegetable intake were of particular interest. Tea intake was also recorded to provide an estimate of 

flavonoid intake. Mean protein intake was 0.93 g/kg body weight, and 60% of participants met the 

recommended dietary protein intake level of 0.8 g/kg body weight/d (Rodriguez, 2015). However, a 

protein intake of 1.0 to 1.5 g/kg/day has been recommended for adults over the age of 65 by several 
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organizations as this level of protein intake may be more appropriate to reduce risk of sarcopenia and its 

resultant loss in quality of life (Bauer et al., 2013; Baum et al., 2016; Phillips, 2017). In the present study, 

only 30% of participants consumed > 1 g protein/kg body weight/day. While the relationship between 

periodontal disease and protein intake is poorly understood, the general health benefits of consuming at 

least 0.8 g protein/kg body weight/day suggests that several participants in this study may benefit from 

increasing their protein intake. Further research is necessary to determine if there is an association 

between periodontal health and protein intake. 

Overall, average fruit and vegetable intake in this study was low (0.41 cups/d and 1.7 cups/d 

respectively). In 2017, Statistics Canada reported that 28.6% of Canadians over the age of 12 consumed 

fruits and vegetables 5 or more times per day (Fruit and Vegetable Consumption, 2017, 2019). While the 

new Canadian Food Guide no longer has a recommended number of servings of fruits and vegetables per 

day, it recommends half of your plate should be fruits and vegetables at every meal – this level of intake 

would likely be greater than 5 servings a day. The Canadian Food Guide currently recommends regular 

intake of fruits and vegetables as this has been associated with lower risk of CVD (Health Canada, 2019). 

In a study by Dodington et al. (2015), higher intake of fruit and vegetables was associated with reduced 

probing depth in non-smoking patients with chronic periodontitis 6 to 8 weeks post-ST, but not in current 

smokers. There was a significantly lower percentage of sites with PPD > 3 mm in patients in the middle 

tertile of fruit and vegetable intake (consuming 5.1 – 6.7 servings/d, equal to 2.7 to 3.5 cup equivalents) 

compared to the lowest tertile group (1.5 – 5 serving/d) (Dodington et al., 2015). Mean fruit and 

vegetable intakes in the present study population was well below this level with a combined average of 

2.11 cups/d of fruits and vegetables. However, the Dodington et al. (2015) study recorded dietary intake 

using a food frequency questionnaire which is known to overestimate food intakes compared to a 24-hour 

dietary recall (Park et al., 2018; Shu et al., 2004).  
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Of the 12 study participants, average age was 64 years, 58% of participants were female, and 66% 

were overweight or obese – these findings are similar to other studies reporting on patient characteristics 

at the same clinic (Dodington et al., 2015; Sparrow et al., 2021). While none of the participants were 

current smokers, 67% were former smokers, and three of these former smokers had been current smokers 

at the time of ST. The high number of former smokers was anticipated as smoking is one of the most 

important risk factors for periodontal disease. (Chapple et al., 2015). Despite the small sample size, the 

BMI of the study participants was similarly distributed to the general Canadian population, with 63.1% of 

Canadians 18 or older being considered overweight/obese (Statistics Canada, 2019). Compared to other 

studies from the same clinic, average BMI results were quite similar to what has previously been 

published previously (Dodington et al., 2015; Sparrow et al., 2020). 

5.2 Strengths 

All patients attended PMT at the periodontal clinic consistently, other than the reported 

appointment delays related to COVID-19. Patients who did not attend PMT appointments at least once 

per year were not invited to the study. Another strength of this study was the use of a 24-hour dietary 

recall to collect dietary data. Dietary recalls demonstrate less error due to recall bias and systematic error 

when compared with food frequency questionnaires (Park et al., 2018). Each participant completed the 

ASA-24 on three non-consecutive days, two weekdays and one weekend day to get a more accurate 

representation of their usual eating habits. All but one participant completed the ASA-24 three times, 

again increasing the accuracy of dietary intake data. 

Given the challenges presented by the COVID-19 pandemic, an additional strength was the 

inclusion of interview questions designed to help understand if and how COVID-19 affected the study 

participants. While the physical activity and dietary intake questionnaires used may not be representative 

of pre-pandemic behaviors, some insight into how participants felt their behavior had been altered by the 
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pandemic strengthened the analysis. Finally, the study had a relatively equal number of male and female 

participants, and all participants were very consistent in attending their regular appointments. All study 

participants attended their PMT appointments at least once per year, for a minimum duration of 5 years. 

5.3 Limitations 

The main limitations of this study were a result of the COVID-19 global pandemic. Perhaps not 

surprisingly, patient recruitment proved to be quite challenging, and this may have been due to the higher 

reported stress levels of Canadians during the pandemic (Carroll et al., 2020; Woodruff et al., 2021). 

COVID-19 health and safety considerations also added to recruitment challenges, including the fact that 

the student researcher was not permitted to have in person contact with participants as per guidance from 

public health and the institution. Thus, the student researcher invited patients to the study over the phone, 

and study information was then emailed to interested patients. Due to the older age of many patients who 

were eligible to participate in the study, it is possible that many patients were not interested in the study 

as they may have been unfamiliar or uncomfortable completing surveys online. Additionally, some 

eligible patients could not be contacted during study recruitment as they did not have cell phones or email 

addresses on file, again indicating that technology may have served as a barrier to participation. The 

length of the surveys and requirement to complete an ASA-24 on a separate webpage also appeared to be 

a barrier to participation as 2 participants completed all study components except for the ASA-24, despite 

email reminders.  

Given the hardships faced by many Canadians because of the COVID-19 pandemic, the study 

sample is particularly prone to bias as only participants with the access to technology and time to 

complete the study surveys would have agreed to participate. Many study participants were retired (n = 7) 

and were likely of high socioeconomic status given that Canadians of low socioeconomic status are less 

likely to attend dental appointments (Dental Care, 2018, n.d.; Zangiabadi et al., 2017). The majority of 
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study participants were female and retired; therefore, caution should be used when interpreting study 

results as they may not be generalizable to all periodontal patients. 

Finally, the ethics protocol was adapted to allow the student researcher to make phone calls to 

patients to increase recruitment, however due to physical distancing and restrictions on where the student 

researcher could be in the clinic, the phone calls had to be completed using a personal cell phone with an 

out-of-province phone number which may have resulted in patients not answering their phones as they 

did not recognize the phone number. Additionally, several patients did pick up the phone, but 

immediately hung up, perhaps due to not recognizing the phone number.  

In addition to the limitations resulting from the COVID-19 global pandemic, this study is also 

limited due to the use of surveys which were only completed at one time point. To gain a better 

understanding of the dietary and physical activity habits of participants, it would be beneficial to gather 

this data at multiple timepoints. However, given the short time period for completing a study during a 

Master’s degree program, the study design chosen was the best fit for this thesis research.  To minimize 

the impact of dietary information being collected at only one time-point, the participants were asked to 

complete the ASA-24 on three non-consecutive days (two weekdays and one weekend day) as this has 

been demonstrated to result in more accurate dietary data. Given that participants were required to self-

report their behaviors using surveys, their responses are likely impacted by recall bias and social 

desirability bias. 

5.4 Conclusions 

The findings of this pilot study suggest that a 2–6-month delay in PMT appointments did not 

significantly affect the PPD, BOP and PI of patients at 5 to 10 years post-ST when compared to patients 

who did not experience appointment delays. Most study participants did not meet physical activity 

guidelines, consumed low levels of fruits and vegetables, and were considered overweight or obese – 
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these findings aligned with Canadian population data. Like other Canadians, most study participants 

reported changes to physical activity and diet as a result of the COVID-19 pandemic, often attributing 

these changes to staying home more. In terms of oral hygiene behavior, all participants reported daily 

brushing and frequent flossing, and only one patient reported an increase in oral hygiene diligence as a 

result of the COVID-19 pandemic. Overall, this pilot study provides novel insights into the impacts of 

COVID-19 appointment delays on periodontal health in patients undergoing PMT. Findings from this 

study as well as the challenges experienced with conducting this study could be used to guide further 

studies analyzing the impacts of COVID-19 on periodontal health, or studies determining the effects of 

delays in PMT appointments. 
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CHAPTER 6 FUTURE DIRECTIONS 
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6.1 Aspects for Consideration in Future Studies 

Recruitment 

While interacting with patients face-to-face at the clinic was not possible due to COVID-19, this 

face-to-face interaction may aid in recruitment for future studies as questions could be easily addressed 

by the student researcher. The participation experience may have been more engaging if face-to-face 

interaction was used as patients would not have to independently read through all the study information 

over email and could instead interact with the student researcher. Also, interacting with the student 

researcher during the informed consent process and having patients complete all study surveys at the 

clinic at the time of their appointment may have reduced the burden placed on patients.  

Physical Activity 

To measure physical activity, a short survey focused on leisure time physical activity should be 

sufficient to group patients as having met or not met the Canadian Physical Activity Guidelines. Given 

the relationship between leisure time physical activity and measures of overall health, a short survey such 

as the GSLTEQ may be preferred to reduce the burden on study participants and generate useable data. 

The IPAQ was used in this study but was not preferred as two participants completed it incorrectly, 

resulting in data that was not useable. Additionally, the IPAQ appeared to lead to more overreporting of 

physical activity, as the results suggested at 80% of participants were meeting Canadian Physical Activity 

Guidelines, while Statistics Canada suggests only 16% of adults aged 18 to 79 met recommended levels 

of physical activity (Tracking Physical Activity Levels of Canadians, 2016 and 2017, 2019).  

Dietary Intake 

            While a 24-hour dietary recall was preferred to a food frequency questionnaire, providing 

additional support to patients when completing this type of dietary assessment may be necessary, 

especially when studying older adults. While having study participants complete the dietary recall on 
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their own was necessary to comply with public health measures and prevent the spread of COVID-19, it 

would be ideal to have participants complete the first dietary recall while supervised in the clinic. This 

way, they could receive assistance and ask questions, reducing the patient burden and shortening the time 

necessary to complete the survey.  

Oral Hygiene 

            Based on the current findings, future studies determining the impact of appointment delays 

resulting from COVID-19, oral hygiene behavior should be considered as a potential confounding 

variable. It may also be interesting to see if patient’s oral hygiene diligence declines with longer 

appointment delays, based on studies suggesting oral hygiene instruction during dental appointments 

significantly impacts plaque and gingivitis by maintaining patient motivation (Chapple et al., 2015). 

6.2 Future Observational Studies 

Future studies may investigate if there is a correlation between length of appointment delay, and 

measures of periodontal health (PPD, BOP, PI). These studies should attempt to capture longer delays in 

patient appointments – the present study only captured patients with up to 6 months in appointment 

delays, while many patients will experience delays much greater than 6 months because of COVID-19. It 

may also be useful to group patients using a cutoff point of < 6 months in appointment delay compared to 

≥ 6 months in appointment delays. Given that there was no observed difference between groups in the 

present study, the 2 – 6 month appointment delays seen in these patients may not have been long enough 

to see differences in periodontal parameters between groups, so a 6 month cutoff point may be more 

useful. 

Further research will also be needed to determine if there are significant changes in physical 

activity, diet, and oral hygiene behaviors in periodontal patients as a result of the COVID-19 pandemic, 

and to determine if these changes have implications for periodontal health. Currently, there are few 
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studies on diet and physical activity as predictors of periodontal health in patients post-ST, and the 

COVID-19 pandemic may present a unique opportunity to observe if changes in lifestyle significantly 

alter periodontal health.  Future studies with retrospective designs may be useful to capture changes in 

physical activity, diet, and oral hygiene before and after the pandemic. However, this would only be 

possible if there was existing data from prior to the pandemic; otherwise, well-structured qualitative 

interviews could be used to capture this information.  

6.3 Future Intervention Studies 

Intervention studies will be necessary to strengthen the current literature which suggests that 

physical activity and diet may be predictive of periodontal health in patients post-ST. There are very few 

studies in this area, and most are observational. Future studies may consider using a physical activity 

intervention such as having sedentary individuals with periodontal disease complete an exercise program 

three times a week, or dietary interventions such as supplements. Given that tea is an excellent source of 

flavonoids and tea is relatively inexpensive, an intervention where participants are asked to drink tea on a 

daily basis may be an option for studying the impacts of flavonoid intake on periodontal health. Future 

intervention studies should carefully consider the length of the study design as patients who are 5 to 10 

years post-ST, the number of sites with PPD ≥ 4mm remained quite stable over time in the present study. 

Therefore, intervention studies should include BOP and PI as measures of periodontal health, as BOP and 

PI are more sensitive measures and fluctuated much more over the 5-to-10-year timespan used in this 

patient population.  Using the updated periodontal classification system to stage and grade periodontal 

disease would also be a useful element in designing future studies when assessing the changes due to 

perturbations in recall frequency due to the COVID-19 delay.   
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Appendix 8.1: Periodontal Disease Classification System 
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Appendix 8.2: Ethics Clearance Document 

 



118 

 

Appendix 8.3: Letter of Invitation 
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Appendix 8.4: Letter of Informed Consent 

This form has been adapted to an online format available here: 

https://brock.ca1.qualtrics.com/jfe/form/SV_e9TtuQwlhlfhBMV 

 

https://brock.ca1.qualtrics.com/jfe/form/SV_e9TtuQwlhlfhBMV
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Appendix 8.5: Script for One-on-One Virtual Meeting with Student Researcher 

 

Interviewer: Hello (patient name), thank you for meeting with me today. I really appreciate you taking 

time out of your day to be involved in my research. My name is Hannah Young and I am a Master of 

Applied Health Science student at Brock University. Before we get started, have you had a chance to 

review the letter of invitation and letter of informed consent? (If the answer is no, go over the letters with 

them).  

Patient response 

Interviewer: Next, I want to ask you a couple of screening questions to make sure you are eligible for 

this study. Is it ok if I ask you a couple of questions? 

Patient response 

Interviewer: Thank you. First, do you have access to internet and a computer, tablet or smartphone at 

home? This study requires you to fill out some online questionnaires. 

Patient response 

Interviewer: (For female participants only) In this study, we will be looking at some hormonal factors 

affecting periodontal disease. Pregnancy is known to cause swelling in the gums. Could you please tell 

me if you are currently pregnant or breastfeeding? 

Patient response 

Interviewer: Thank you. Based on your answers, you are eligible to participate in the study. The next 

thing I am going to do is go over the details of the study with you. Then you will have an opportunity to 

ask questions before you decide if you would like to participate. Does that sound ok? 

Patient response 

Interviewer: Alright, the next thing we are going to do is go over the letter of informed consent. This 

letter will provide you with more information so you can make an informed decision about your 

participation. Then, you can choose to sign the letter if you would like to participate in the study.  

(read out the letter of informed consent to patient) 

Interviewer: Do you have any more questions? 

Patient response 

Interviewer: Now that you have read the letter, please select “yes” to indicate your consent if you are 

willing to sign up for this study. If you would no longer like to participate, please let me know.  

Patient response 
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Interviewer: Thank you! Now you have read this letter, you are able to continue with the physical 

activity questionnaire. If you would like, I can stay on the line with you if you have any questions while 

you fill out the first page of the questionnaire. (I will only go over the first page with the patient where 

they fill in weight, height, and sex. If the patient is concerned about difficulty filling it out, I will remind 

them to fill it out to the best of their ability). 

Interviewer: The first question asks you to enter your unique code. This code should have been sent to 

you in an encrypted email when you submitted the letter of informed consent. Please do not tell me your 

code but let me know if you received the email. You will need this code to enter in your survey 

responses. 

Patient response 

Interviewer:  The last thing we are going to do today is I am going to ask you some questions related to 

your experience with COVID-19. Please answer these questions to the best of your ability. Then I will 

give you some time to fill out the rest of the questionnaire. 

1. Have your physical activity habits been affected by COVID-19 in any way? 

a. If yes, how so? 

b. If no, move to question 2. 

2. Has COVID-19 led to any changes in your eating habits? 

a. If yes, how? 

b. If no, move to question 3. 

3. Have your oral hygiene behaviors (such as brushing and flossing) changed due to COVID-19? 

a. If yes, how? 

b. How frequently do you brush? 

c. How frequently do you floss or use interdental brushes? 

d. If no, move to question 4. 

4. Has the COVID-19 pandemic led to any major changes in your daily routine such as working 

from home? 

a. If yes, how? 

Interviewer: Thank you so much for your time! You will receive an email with a link to the dietary 

recall questionnaire sometime today. You will be asked to enter your unique code again to login to this 

questionnaire. Please fill out the first 24-hour recall and the rest of the physical activity questionnaire 

today if you have the time. Once you have completed the first dietary recall, you will be asked to fill it 

out on 2 more days, ____ and ____. 
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We will send reminder emails about filling out these questionnaires if necessary. We have now reached 

the end of our call. Do you have any last questions? 

Patient response 

Interviewer: Enjoy the rest of your day, and again, please do not hesitate to contact me if you have any 

further questions. 
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Appendix 8.6: Medical/Dental History Form and Sample Patient Chart Note 
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Appendix 8.7: Godin-Shephard Leisure Time Exercise Questionnaire 

 

INSTRUCTIONS  

In this excerpt from the Godin Leisure-Time Exercise Questionnaire, the individual is asked to complete 

a self-explanatory, brief four-item query of usual leisure-time exercise habits.  

CALCULATIONS  

For the first question, weekly frequencies of strenuous, moderate, and light activities are multiplied by 

nine, five, and three, respectively. Total weekly leisure activity is calculated in arbitrary units by 

summing the products of the separate components, as shown in the following formula:  

Weekly leisure activity score = (9 × Strenuous) + (5 × Moderate) + (3 × Light)  

The second question is used to calculate the frequency of weekly leisure-time activities pursued “long 

enough to work up a sweat“ (see questionnaire).  

EXAMPLE 

Strenuous = 3 times/wk 

Moderate = 6 times/wk 

Light = 14 times/wk 

Total leisure activity score = (9 × 3) + (5 × 6) + (3 × 14) = 27 + 30 + 42 = 99 

 

Godin Leisure-Time Exercise Questionnaire 

1. During a typical 7-Day period (a week), how many times on the average do you do the following kinds 

of exercise for more than 15 minutes during your free time (write on each line the appropriate number). 

Times Per Week  

                 Times Per Week 

a) STRENUOUS EXERCISE (HEART BEATS RAPIDLY)      

__________  
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(e.g., running, jogging, hockey, football, soccer, 

squash, basketball, cross country skiing, judo, roller 

skating, vigorous swimming, vigorous long distance 

bicycling) 

b) MODERATE EXERCISE (NOT EXHAUSTING)      

 __________  

(e.g., fast walking, baseball, tennis, easy bicycling, 

volleyball, badminton, easy swimming, alpine skiing, 

popular and folk dancing)  

c) MILD EXERCISE (MINIMAL EFFORT)        

__________  

(e.g., yoga, archery, fishing from river bank, 

bowling, horseshoes, golf, snow-mobiling, easy 

walking) 

 

2. During a typical 7-Day period (a week), in your leisure time, how often do you engage in any regular 

activity long enough to work up a sweat (heart beats rapidly)? 

 OFTEN   SOMETIMES    NEVER/RARELY  

1) [ ]  2) [ ]    3) [ ] 
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Appendix 8.8: International Physical Activity Questionnaire Long Last 7 Days Self-Administered 

Format 

https://sites.google.com/site/theipaq/home 

Appendix 8.9: Automated Self-Administered 24-Hour (ASA-24®) Dietary Assessment Tool 

ASA24 Respondent Website Features 

The ASA24 Respondent Website guides the participant through the completion of either a 24-hour recall 

for the previous day or a single or multiple day food record. The ASA24 instrument: 

• Flows as per modified United States Department of Agriculture (USDA) Automated Multiple-

Pass Method for 24-hour recalls, which was further adapted for collection of food records; 

• Allows researchers to specify timing of recall, either from midnight-to-midnight or for the past 

24-hours from time of login; 

• Asks Respondents to report eating occasion and time of consumption; 

• Enables Respondents to search to find foods, drinks and supplements; 

o Presents Respondents with search results for misspelled and related food items; 

o ASA24-2018 includes >13,670 misspellings and synonyms; 

• Asks detailed questions about food form, preparation, portion size, and additions using an 

extensive branching question database with greater than 13 million pathways so that food codes 

can be assigned; 

• Uses images to assist Respondents in reporting portion size; 

• Allows the Respondent to add or modify food, drink, and supplement choices at multiple points 

during the recall or record; 

• Includes optional modules to query where meals were eaten, whether meals were eaten alone or 

with others, television and computer use during meals, and source of foods consumed; 

• Includes an optional module to query dietary supplement intake; 

• Is available in English and Spanish; 

• Offers an optional Respondent Nutrition Report that Researchers can choose to make available to 

Respondents. The Respondent Nutrition Report provides feedback on nutrient and food group 

intake in comparison with U.S. dietary guidance. This report is available in English or Spanish for 

Respondents completing food recalls ASA24-2018, and English only for Respondents completing 

food records.  

• Is accessible by individuals using assistive technologies, such as screen readers. 

• Provides a means for Respondents to report, save, and modify recipes. 

Data Security and Protections to Confidentiality of Participants Using the ASA24 System 

https://sites.google.com/site/theipaq/home
http://www.ars.usda.gov/Services/docs.htm?docid=7710
http://www.ars.usda.gov/Services/docs.htm?docid=7710
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Researchers using the ASA24 system do not provide the NCI, Westat, or the ASA24 system with any 

identifying data for participants of their studies. Rather, researchers specify a unique numeric identifier 

for each Respondent and download system-generated usernames and encrypted passwords that they 

provide to Respondents so that they may access the application.  

The ASA24 system also does not collect any identifying data directly from Respondents. However, IP 

address information is accessed for the purpose of routing information between the server and the 

respondent's computer—often the IP address is that of the user's Internet Service Provider (ISP). IP 

addresses are not stored or tracked by the ASA24 system. However, logs of connections are kept in the 

hosting environment for audit trail purposes. This information is not mined in any way but would be 

available if there were a legal obligation to release it. 

Response data are secured at the hosting site using industry standard security controls, including firewalls 

and encryption. All data entered into the ASA24 system at the Respondent’s computer is encrypted by the 

internet browser (e.g., Internet Explorer, Firefox) before they are transmitted to our servers using Secure 

Socket Layer (SSL) Technology. SSL allows for the authentication of the sending and receiving 

computers.  

Only a particular study’s investigator(s) and the ASA24 operations team can access response data. Access 

is gained through usernames and strong passwords. 
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Appendix 8.10: Supplement and Tea Intake Questionnaire 
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Appendix 8.11: Revised version of the questionnaire ‘Indices of estrogen exposure ’ 

ID: _____________________________________ Date of birth: __________________________ 

Many studies attempt to understand the influence of sex hormones on our physical and mental health. In 

this questionnaire, we focus on determining the variations of estrogen over the course of one’s life. Many 

factors can affect endogenous estrogen levels; for example, menstrual cycle, pregnancies and menopause. 

Other factors, like synthetic hormones, such as the contraceptive pill or hormone therapy after 

menopause, vary the level of hormones in the body. Therefore, this questionnaire will ask some questions 

relating to factors that may influence estrogen levels in order to determine the impact of this hormone on 

one’s health. 

The questionnaire is divided in 4 sections; please respond to the following questions to the best of your 

knowledge with as many details as you can remember. 

1. Menstrual cycle  

At what age did you have your first menstruation? ____________________ 

Over the course of your life would you consider your periods to be regular, i.e. a cycle that lasts between 

24 and 35 days? (y/n) ____________________ 

Cycle length: ____________________ days 

If not, please explain what your approximate cycle was like. 

____________________________________________________________________________________

________________________________________________________________________ 

Did you ever go through periods where you stopped menstruating (besides menopause and pregnancies)? 

(y/n) ____________________ 

If yes, do you remember how many months you skipped and do you know the reason why this may have 

occurred? 

______________________________________________________________________________ 

______________________________________________________________________________ 

Have you ever taken the contraceptive pill? (y/n) ____________________ 

Are you currently using the contraceptive pill? (y/n) ___________________ 
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2. Motherhood  

Do you have any children? (y/n) ____________________  

If yes, please complete the following table. 

Child        Date of birth Your age Is this child 

adopted? (y/n) 

Did you breast 

feed? (y/n) 

If yes, for how 

many months? 

1     

2     

3     

4     

5     

6     

Did you have any interruptions of your pregnancies (abortions, stillbirths or miscarriages)? (y/n) 

_________________ 

If yes, please specify how many and the duration of each pregnancy using the following table.  

Pregnancy Your age Duration of pregnancy (months) 

1   

2   

3   

3. Menopause  

The third and fourth sections are aimed at determining information about the menopausal phase of your 

life. Menopause is the point in time during which you stop ovulating permanently. Before menopause, 

most women undergo a phase of fluctuation during which their menstrual cycles are irregular. 
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Approximately when did your menstrual cycle start becoming irregular, if applicable? (Ex: around 10 

months prior to my last period) 

______________________________________________________________________________ 

At what age did you have your last menstruation? ____________________ Have you encountered 

menopause naturally or through surgery? Please specify. 

¤ Natural  

¤ Surgical  

¤ Hysterectomy (removal of the uterus)  

¤ Ovariectomy (removal of the ovaries) 

 ¤ Both  

¤ Don’t know 

If your menopause was surgically induced (i.e. ovariectomy and/or hysterectomy), and if you know the 

reasons for this intervention, please tell us to the best of your knowledge. 

______________________________________________________________________________ 

At what age did you get the surgery? _______________________ 

4. Hormone therapy  

Have you ever taken hormone therapy? (y/n) _________________ 

If you have ever taken or currently take hormone therapy, could you please complete the table below, 

including every prescription that you have ever had, as precisely as you can remember? 

Hormone therapy brand and dosage (Ex.: Premarin 

0.625 mg/day, Provera 10 mg/day) 

Age at start 

of treatment 

Age at end 

of treatment 

Treatment 

duration 

 

____________________________________  

¤ pill      ¤ patch       ¤ gel       ¤___________ 

   



136 

 

 

____________________________________  

¤ pill      ¤ patch       ¤ gel       ¤___________ 

   

 

____________________________________  

¤ pill      ¤ patch       ¤ gel       ¤___________ 

   

 

____________________________________  

¤ pill      ¤ patch       ¤ gel       ¤___________ 

   

When taking hormone therapy, would you say that you took it: 

¤ Regularly, as prescribed  

¤ Irregularly. Please describe: ______________________________________  

Thank you for your participation 
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Appendix 8.12: Original Objectives and Hypotheses (Pre-COVID-19) 

Objectives 

The primary objective is to determine, at 5 to 10 years post-ST, if physical activity, exercise, sedentary 

time, flavonoid intake, protein intake, BMI, sex, age, smoking status, and number of sites with 

periodontal probing depth ≥4mm at baseline are significant predictors of the following measures of 

periodontal health:  

i. Number of sites with periodontal probing depth ≥4mm 

ii. Number of teeth lost due to periodontal disease 

iii. Plaque index score > 20% 

iv. Number of sites with bleeding on probing 

Secondary objectives are to determine if lifetime estrogen exposure impacts periodontal health in women 

as measured by the periodontal measures (i-iv) listed above; to determine if a patient’s periodontal health 

has been impacted due to the closure of the periodontal clinic during COVID-19 as these patients are 

typically attending the clinic every 3 to 4 months for periodontal maintenance appointments; and whether 

their physical activity and/or diet has been altered by COVID-19 and may thereby impact periodontal 

health. 

Hypotheses 

1. Lower levels of physical activity and exercise, increased sedentary time, lower flavonoid and 

protein intake, higher BMI, male sex, increased age, being a current smoker, and a higher number 

of sites with PPD >4mm at baseline will be predictive of a greater number of sites with PPD 

≥4mm, a higher number of sites with BOP, a higher plaque index score, and higher number of 

teeth lost due to periodontal disease 5 to 10 years post-ST as these are all risk factors for 

periodontal disease. 
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2. Lower lifetime estrogen exposure will be a significant predictor of worse periodontal health as 

measured by number of sites with PPD ≥4mm, number of sites with BOP, a higher plaque index 

score, and number of teeth lost in female periodontitis patients post-ST. This has been 

hypothesized based on data indicating a significant role of estrogen in bone health which may 

impact periodontal disease. 

3. Periodontal patients will report poorer diet quality and reduced physical activity as a result of 

COVID-19. 


