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Preface 

 

This thesis represents the results of my PhD studies, which have taken me across 

different continents, disciplines, and epidemiological and public health research areas. During 

these three years (2021-2024), I had the opportunity to explore the role of individual and 

global factors in shaping the aging process and influencing health outcomes. The experiences 

of these last three years have profoundly changed my perspectives on health inequalities, both 

personally and as a researcher. 

I began my PhD at the University of Piemonte Orientale, where I had the opportunity 

to work on establishing an aging cohort study, The Novara Cohort Study (NCS), which aims 

to investigate the role of environmental, biological, genetic, and socioeconomic factors in the 

aging process. As I was working toward developing the pilot study, I became increasingly 

fascinated by how the complex interaction of these factors influenced the aging process and 

its trajectories. 

To broaden my understanding of the influence of socioeconomic factors on health 

outcomes, I conducted part of my PhD as a Visiting Graduate Student at Western University, 

Canada. There, I started investigating the role of socioeconomic factors in colorectal cancer 

(CRC) screening uptake in the province of Ontario and the Territories. This research 

highlighted the role of socioeconomic factors on health disparities and how these are 

embedded within communities and societies. While investigating inequalities in access to 

CRC screening in the Territories, I learned about the social, economic, and political 

disadvantages faced by the Canadian Indigenous populations and realized that health 

inequalities are rooted in broader social contexts, historical legacies, and socioeconomic 

policies and not only the result of individual behaviours. 



 

With this realization, while working on projects related to my PhD, I enrolled in a 

Master's in Global Health at Maastricht University, where I got the chance to explore how 

economic, environmental, and structural factors shape health outcomes on a global scale. 

This program has shown me that health is a complex system influenced by global forces such 

as economic policies, climate change, and social inequities. During this master9s, I had the 

opportunity to return to Canada, this time to McMaster University, to investigate refugees' 

health and health economics policies. I also completed my research on socioeconomic 

inequalities and CRC screening uptake in Canada, which became my master9s thesis. 

Throughout these three years, I understood how health is not only an individual 

attribute but is strongly shaped by the economic, social, and environmental factors in which 

one lives. These factors must be considered while carrying out research and designing 

policies. 

Thanks to these experiences, I obtained a traineeship as a Project Officer at the 

European Health and Digitalization Executive Agency (HaDEA), where I saw first-hand how 

health policies are implemented to benefit all State Members and citizens living in the EU. 

As the result of my PhD studies, here I present two studies that examine how 

socioeconomic factors influence aging and health outcomes. The first section of the thesis 

presents the rationale, study procedures, and initial findings from the NCS pilot study, which 

assessed the feasibility and efficacy of the NCS protocol, including data collection in 

preparation for the broader implementation of the cohort study. In this study, we presented 

the socioeconomic, lifestyle characteristics, and health features of the pilot study participants 

and their representativeness of the general population. The second study investigates how 

health status, behaviours, and access to healthcare influence the uptake of breast cancer (BC) 

screening in Ontario, Canada. This study explores the disparities in BC screening 



 

participation among Canadian-born, immigrant, and Indigenous populations, highlighting the 

role of socioeconomic and cultural factors in shaping access to preventive healthcare. 



 

Section 1. Investigating the social determinants of healthy ageing: insights from the Novara 

Cohort Study (NCS) Pilot 



 

1.1 Introduction 

 

One of the main challenges that societies are facing in the 21st century is the rapid 

aging of the population, characterized by an increase in the number of years spent on 

disability (UN Population Division, 2020). Between 1990 and 2020, global life expectancy 

increased by more than 8 years, reaching 72.8 years in 2020. Projections indicate an increase 

in life expectancy, with a rise to approximately 77.2 years by 2050 (UN Population Division, 

2022). Alongside, the population aged 60 years and older is projected to grow significantly, 

increasing from 1.1 billion in 2020 to 1.4 billion by 2030. The rapid growth and aging of the 

global population will be accompanied by an increase in the total number of deaths 

worldwide, rising from 67 million in 2022 to 92 million by 2050 (UN Population Division, 

2022) (Figure 1). 

Figure 1: Global life expectancy at birth (on the left) and number of deaths (on the right), estimates from 1950 

to 2050. Adapted from UN Population Division, 2022 

 

 

 

This societal aging is mainly driven by a reduction in fertility and longevity extension, 

reflecting the advances in public health, medical care, and economic development. These 

factors have led to a population distribution shift from younger to older (UN. Population 

Division, 2022). As highlighted by the United Nations (2020), the population over 60 is 



 

increasing and is expected to rise dramatically worldwide in 2050 while the global fertility 

rate continues to decline (Figure 2). 

Figure 2: Distribution of the world population by age and sex in 1990 (left panel) and in 2050 (right panel). 

Adapted from the World Population Prospect, 2024, UN. Population Division 

 

 

Global perspective 

 

While aging is a global trend, its pace varies across regions. These variations are 

mainly due to demographic and epidemiological transition, fertility, mortality rates, and 

socioeconomic development. (UN. Population Division, 2022). In high-income countries 

(HIC), such as Europe, North America, and Australia, and a few Asian countries (e.g., Japan), 

populations are aging rapidly due to historically low fertility rates and high life expectancies 

(Chen et al., 2024). These areas have the highest proportion of older population, with 19% of 

the population aged 65 or older in 2022. In 2050, the population aged 65 or older is expected 

to reach 27%. Europe was the first region to undergo demographic transition, with today9s 

European population being the most aged worldwide. Europe is projected to remain the most 

aged region in the upcoming decades, with 34% of the population projected to be 60 years or 

older in 2050, followed by North America (28%) (UN Population Division, 2017). 



 

Low- and middle-income counties (LMICs) have younger populations but are 

undergoing demographic transition at a much faster pace compared to HICs. By 2050, two- 

thirds of the world9s population aged 60 years and older will reside in LMICs, expected to 

outpace the East Asian nations at the population aging rate (Tan, 2022) (Figure 3). 

Figure 3: Percentage of the population aged 60 or older, projected to 2050. Adapted from World Population 

Prospect: the 2017 Revision, UN. Population 

 

 

Challenges and implications of an aging population 

 

Although it is assumed that an increase in the health span accompanies an increase in 

longevity, this is often not the case. Evidence shows that the prevalence of severe and less 

severe disability among the older population is high and increasing worldwide. There is little 

to no evidence that older people today are in better health than the previous generation 

(WHO, 2015). This demographic shift from a predominantly younger to an older population 

presents significant challenges across multiple dimensions, including healthcare systems and 

economies. 

A significant health concern linked to population aging is the increased incidence of 

non-communicable diseases (NCDs or chronic conditions) (Khan et al., 2024). NCDs <tend 

to be of long duration and are the result of a combination of genetic, physiological, 

environmental, and behavioural factors= (WHO, 2023). As individuals grow older, they are 

more susceptible to developing multiple NCDs. NCDs such as cardiovascular disease (CVD), 



 

respiratory diseases, diabetes, obesity, cancer, and neurodegenerative disorders are the 

leading cause of death worldwide, accounting for 71% of all deaths (WHO, 2021). Among 

these, CVD remains the leading cause of death worldwide, followed by cancer, respiratory 

diseases, and diabetes. Approximately 80% of older adults are diagnosed with NCDs, such as 

obesity, diabetes, hypertension, or heart disease, and 50% have at least two diseases (WHO, 

2021). These multimorbidities (defined as the coexistence of multiple two or more chronic 

diseases) significantly affect the conditions within the same individual (Cuschieri et al., 2024) 

and significantly strain the healthcare systems worldwide. For example, in the United States 

(US), NCDs contribute to over 75% of healthcare expenditures, accounting for over $1.5 

trillion in spending (Khan et al., 2024). In the EU, significant NCDs (CVD, cancer, diabetes, 

and chronic respiratory diseases) contribute 25% of healthcare expenditure and almost 2% of 

the GDP (Vandenberghe & Albrecht, 2019). This strain is particularly pronounced in low- 

and middle-income countries (LMICs), where healthcare resources and infrastructure are 

often insufficient to meet the growing demand caused by rapid demographic transitions (Tan, 

2022). 

Population aging also presents significant economic challenges, particularly regarding 

labour force participation and economic growth. The demographic transition to an older 

population is associated with a decline in labour force participation and savings rates 

(including pensions), raising concerns about future economic growth in the fastest-aging 

countries (OECD, 2023; Bloom et al., 2015). This decline is exacerbated by the increasing 

old-age dependency ratio, which financially burdens the working-age population to support 

retirees through social security systems (Hsu & Lo, 2019). This economic shift directly 

impacts healthcare systems by increasing the demand for medical services and long-term care 

while reducing the economic capacity to fund them, creating challenges for the sustainable 

maintenance of these fundamental systems. 



 

Healthy aging and social determinants of health 

 

While the aging population's challenges are considerable, they also emphasize the 

need to shift the focus from increasing life expectancy to improving the quality of life during 

aging. The WHO (2020) defines healthy aging as <the process of developing and maintaining 

the functional ability that enables well-being in older age,= which emphasizes the interaction 

between an individual9s intrinsic capacity and their environment. WHO, in its <UN Decade of 

Healthy Ageing: Plan of Action 2021-2030= (2020), highlights the possible implications of 

additional years of life. Older adults who experience these extra years in good health, 

remaining integral to societies and families, can strengthen societal cohesion and economic 

stability. Conversely, older adults who face poor health, social isolation, and/or dependency 

on care can contribute to a greater societal strain, including increased healthcare costs and 

reduced economic productivity. 

It is important to highlight that healthy aging is influenced by factors that extend 

across the life course, including early life conditions, lifestyle choices, and access to 

healthcare and supportive environments (WHO, 2020). Aging and its trajectories are shaped 

not only by individual choices but are rooted in the broader context of social determinants of 

health (SDH) that accumulate over a lifetime, influencing health outcomes. SDH shapes the 

conditions in which individuals are born, grow, live, work, and age (WHO, 2019). Inequities 

experienced throughout life build cumulatively, leading to advantages or disadvantages that 

manifest more acutely in later years (WHO, 2015). These factors operate within an 

interconnected framework, where social determinants interact to create pathways that either 

enhance or hinder healthy aging. 

Socioeconomic status (SES) plays an important role in determining access to 

resources such as safe housing, quality healthcare, and other resources. Individuals with 



 

lower SES (income, education, social class) often face disadvantages, which can lead to 

poorer health outcomes later in life (Glymour et al., 2014). Studies indicate that individuals 

with lower SES have, on average, poorer health compared with those with higher SES 

(Darin-Mattsson et al., 2017). However, the influence of SDH extends beyond socioeconomic 

factors, including systemic and structural inequalities that are present in various aspects of 

life. For instance, disparities in access to transportation or safe public spaces can limit 

opportunities for older adults to remain active and engaged (MacLeod et al., 2022). 

The multifaceted nature of SDH highlights the importance of using an integrated 

approach to promoting healthy aging. Rather than addressing individual determinants, 

interventions must focus on addressing systemic inequities and support holistic well-being. 

Policies aimed at improving housing, transportation, education, and social support not only 

enhance health outcomes but also foster equity, strengthening the social fabric. By reducing 

barriers to access and nurturing environments that promote equity, societies can mitigate the 

long-term effects of adverse social determinants and support healthy aging initiatives. 

Investigating Ageing and the Novara Cohort Study 

 

The complex interplay between SDH and aging trajectories highlights the need for 

comprehensive, population-based studies to better understand these dynamics. While it is 

well established that SDH, such as socioeconomic status, education, and access to healthcare, 

shape health outcomes, their cumulative effects on aging remain less understood. These 

social factors, alongside regional, cultural, and environmental influences, interact with 

biological determinants such as genetic predispositions and molecular aging processes, 

creating complex pathways that affect individual aging trajectories. Epidemiological studies 

are essential to investigate these interactions and address factors influencing healthy and 

unhealthy aging. 



 

Several epidemiological cohorts have been established in the last decades to examine 

the burden of NCDs and the population's aging. Some cohorts have focused on investigating 

specific types of disease, some on particular age ranges, and others have limited data due to 

their large size (questionnaire-based cohort studies). The Novara Cohort Study (NCS), a 

population-based study with a longitudinal design, uses a multidisciplinary approach to 

studying aging, considering all the factors possibly involved in the aging process. For its 

interdisciplinary approach, the NCS was established in collaboration with the UPO-Biobank, 

infrastructure of the University of Piemonte Orientale created to collect and store biological 

samples and associated data, the <Maggiore della Carità= Hospital in Novara and the 

Territorial Health Care Service in Novara (ASL13 Novara). These collaborations guarantee 

continuous interaction with the local population, raising awareness of a more conscious 

approach to health. The NCS was designed to gather a wide range of data, including physical 

function, well-being, mental health, quality of life, medical history, and biological samples. 

These data provide essential information on the population's health status and are critical for 

the stakeholders and policymakers in designing interventions for an aging population. 

Here, the rationale, methodology, and preliminary findings of the Novara Cohort 

Study (NCS) pilot, completed in January 2024, are presented. The pilot assessed the 

feasibility of the study9s methodology and examined the baseline characteristics and 

representativeness of the enrolled population. 



 

1.2 Rationale and design of the Novara Cohort Study and its pilot study 

 

Study objectives 

 

The Novara Cohort Study was designed with the aim to: 

 
1. Identify determinants of healthy and unhealthy aging and describe the health status of 

the population living in Novara province 

2. Collaborate with policymakers and stakeholders to design interventions to improve 

the quality of life and health in aging 

3. Involve the general population in scientific research, raising awareness towards 

improving quality of life in aging and prevention of chronic disease 

4. Proof of concept for identifying molecular markers of accelerated aging 

 
The NCS pilot study was specifically designed to assess the feasibility and practicality of the 

study9s methodology, including participant recruitment, data collection, and protocol 

adherence while gathering preliminary data to refine the full-scale study design. 

Study design and participants 

 

The NCS is a longitudinal population study aiming to include a minimum of 10,000 

participants aged 18 or older, representing Novara Province residents. Situated in northwest 

Italy within the industrialized region known as the 'Pianura Padana,' Novara Province spans 

88 municipalities and is positioned between two of Italy's largest and most polluted 

metropolitan urban areas of the country, Milan and Turin. As of January 2023, the Novara 

Province had 362,502 residents, with a demographic breakdown of 48.8% male and 51.2% 

female, an average age of 46.9 years, and an aging index of 201. Approximately 25% of the 

population is over 65 years old, including 8% who are over 80 years old. 

Recruitment process 



 

In the study's first phase, the Novara province population over 35 was invited to 

participate through informative and mass media campaigns. To reach the entire population, 

NCS investigators have presented the NCS and its objectives to the general population, GPs, 

other healthcare professionals, and municipality councils. Different public meetings were 

held where the study was presented to the population. These meetings were a crucial 

opportunity to involve the public in scientific research discussions. In the study's second 

phase, a letter of invitation or a phone call will be sent to random people in the eligible 

population identified through the Territorial Health Care Service in Novara (ASL13 Novara) 

lists. This will ensure that the population study is representative of the target population, 

allowing for statistical inference. 

Participants were stratified into two age categories: 35-64 and over 65. Based on the 

participant's age, active follow-ups will be carried out every 5 years for participants under 65 

and every 3 years for participants over 65. During active follow-up, participants will repeat 

questionnaires completed during the baseline assessment. Passive follow-ups will be based on 

the linkage between administrative data and health and death registries upon consent from the 

participant. This follow-up strategy will allow NCS to collect participant data to assess their 

health status. 

Pilot study enrolment and procedure 

 

The pilot study was carried out between November 2022 and January 2024 and 

included a total of 123 participants. These underwent a comprehensive assessment, which 

included collecting biological samples, questionnaires, medical examinations, and functional 

and cognitive tests, with the entire process taking up to four hours. The assessment team 

consisted of a medical doctor, a nurse practitioner, and three researchers of the NCS staff. 

The testing center was in Novara, within the University of Piemonte Orientale (UPO) 



 

research biobank (UPO Biobank) rooms. The UPO Biobank outpatient clinic and laboratories 

ensured adherence to ethical and quality standards for all protocol procedures and the 

collection of high-quality biological samples and data. 

Questionnaire data collection 

 

All participants, after the informed consent procedure, complete a self-administered 

questionnaire reporting: 

1) Lifestyle, physical activity, and sleep: information about smoking habits, exposure to 

tobacco smoking, use of electronic cigarettes, and alcohol consumption habits were 

collected in the lifestyle questionnaire along with information about social network 

usage and cultural activities (<How many times in a year do you go to the 

movies/theatre or art exhibitions?). Information about physical activity was collected 

using the International Physical Activity Questionnaire (IPAQ) (Hagströmer et al., 

2006). The questionnaire focused on the physical activity carried out during working 

hours and outside the working place (physical activity was ranked as light, moderate 

and intense). Information about sleeping habits was collected using the Pittsburgh 

Sleep Quality Index (PSQI) (Buysse et al., 1989) and the Epworth Sleepiness Scale 

(ESS) (Johns, 1991). This questionnaire collects information about snoring 

frequencies, nocturnal apnoea, daytime sleepiness, frequency of unrested sleep, and 

the presence of OSAS. 

2) Diet: General information about diet was collected with a modified version of the 

EPIC questionnaire (Riboli et al., 2002). The questionnaire focused on the frequency 

and quantity of meat (red and white), vegetables/fruits, and carbohydrates consumed 

monthly. It also included photos of each food category that estimated the quantity of 

food eaten in every portion. 



 

3) Quality of life: A novel questionnaire was developed to assess quality of life. It 

collected information about life satisfaction, physical and psychological health, social 

behaviour, and sexual satisfaction. 

4) Mental health: current level of depression, anxiety, and attachment style was 

measured using the Beck Depression Inventory-II (BDI) (Beck et al., 1996), Beck 

Anxiety Inventory (BAI) (Beck et al., 1988) respectively,) and Attachment Style 

Questionnaire (Feeney & Ryan, 1994).) 

Furthermore, participants were also interviewed by a healthcare professional involved in the 

NCS pilot study regarding: 

5) Demographic data: information about age, sex, place of birth, ethnicity, education 

level, marital status, occupational history (and occupational exposure), and family 

history were collected. 

6) Medical history: information on the current use of prescription or non-prescription 

medications and supplements was collected along with medical history, including the 

age of diagnosis of different chronic diseases (i.e., cardiovascular, endocrine, mental 

health, neurological disorder, cancer diagnosis, autoimmune diseases, diabetes, 

hepatic cirrhosis, chronic kidney diseases); 

7) Family medical history: Participants were asked for information on the age of each 

participant9s biological parents and siblings and the cause of death (if deceased). A 

family history of common medical conditions (chronic diseases) was also collected. 

8) Cognitive functions: Each participant's cognitive function was evaluated through the 

Montreal Cognitive Assessment (MOCA), a scoring system with high sensitivity and 

specificity in detecting early mild cognitive impairment (Nasreddine et al., 2005). A 

healthcare provider administered the test. 



 

A healthcare professional involved in the study assessed the participant's frailty status using 

the Clinical Frailty Scale (CFS) (Rockwood, 2005). 

Functional status 

 

The functional status of NCS participants was assessed using: 

 
1) Handgrip test: used to assess physical fitness and frailty in the elderly. 

 
2) Timed up-and-go test: This test estimates the risk of falls, especially in older adults 

and community-dwelling people. Physicians often use it as a screening tool 

(Nightingale et al., 2018). 

3) The 6-minute walking test estimates cardiorespiratory fitness and is strictly related to 

cardiovascular risk and all-cause mortality (Kammin, 2022). 

4) Short Physical Performance Battery (SPPB): This scale explores the reduction of 

physical performance in older persons, particularly muscle strength of lower 

extremities and balance (Western & Malkowski, 2022). 

These measures were used to assess the general physical fitness of the participants in the 

study. 

Anthropometric data 

 

During the physical assessment, two healthcare professionals (a medical doctor and a 

nurse) collected information about height, weight, body mass index (BMI), waist 

circumference, waist-to-hip ratio (WHR), blood pressure, heart and respiratory rate, and 

blood oxygen saturation. 

Biological sample collection and biomarkers 

 

Blood, saliva, and urine samples were collected, processed, and stored in UPO 

Biobank. Participants autonomously collected their saliva and urine samples while a trained 



 

nurse collected the blood samples following standardized procedures. Blood collection 

occurred after the participants had fasted overnight. Upon completion of the biospecimen 

collection, breakfast was offered to all participants. Approximately 50 ml of blood was drawn 

from each participant, using a variety of tubes to accommodate different analyses and storage 

requirements (Table 1): i) Ethylenediaminetetraacetic acid (EDTA) tubes, used for fresh 

hematological analyses, as well as for biobanking dedicated to nucleic acid extractions, 

peripheral blood mononuclear cells (PBMC) cryopreservation, and plasma proteomic and 

metabolomic analyses; ii) Lithium Heparin (LH) tubes, for plasma dedicated to biochemical 

analyses and biobanking; iii) Na-Citrate-containing tubes, for coagulation tests iv) Gel serum 

separator tubes, for easy separation of serum from the clot, dedicated to serological and 

immunological analyses. A portion of the fresh blood samples was immediately subjected to 

a series of hematological and biochemical assessments. The panel includes biomarkers 

associated with electrolyte balance, inflammation, cardiovascular disease risk, and indicators 

of renal damage, bone marrow, thyroid, and liver function (Table 1). Participants received the 

results of these tests and guidance on how to discuss them with their general practitioner. 



 

Table 1. Biospecimens: collection tubes, volumes, blood analyses on fresh samples, and biobanking 

 
   

Blood biomarkers 

on fresh samples 

 Biobanking  

Collection tubes Volume (ml) Material 
N° of 

aliquots 

Aliquots volume 

(μl) 
Storage temp. 

(°C) 

Serum gel 

(BD Vacutainer) 

 
15 

 
Serum 

CYSC, protein 

electrophoresis, TP 

 
4 

 
500 

 
-180 

 

 
K2-EDTA 

(BD Vacutainer) 

 
 

 
16 

 
 

 
EDTA plasma 

WBC, RBC, HGB, HCT, 

MCV, MCH, MCHC, 

RDW-SD, RDW-CV, PDW, 

MPV, P-LCR, PLT, NEU, 

LYMPHO, MONO, EOS, 

BASO, EB, IG, HbA1c 

 
 

 
6 

 
 

 
500 

 
 

 
-180 

  EDTA buffy coat  1 300 -80 

  Whole blood in 

RNA later 

 
2 1600 -20 

  PBMC  2 500 (2.0 mln) -180 

Sodium-Citrate 

(BD Vacutainer) 
3 Citrate plasma FBG, DD 4 500 -180 

  Citrate buffy coat  2 300 -80 

 

 
Gel Lithium- 

Heparin 

(BD Vacutainer) 

 
 

 
13.5 

 
 

 
Heparin plasma 

 
ALT, AST, BIL, BUN, Ca, 

TC, CR, FER, FA, ALP, P, 

GGT, HDL, IL-6, LDL, 

CRP, K, Na, FT4, TRF, TG, 

TSH, UA, B12 

 
 

 
6 

 
 

 
500 

 
 

 
-180 

Vacutest 

(Securlab) 

 
80-100 

 
Urine 

 
 

10 

 
5000; 

500 

 
-80 

Salivette 

(Sarstedt) 
0.5 Saliva 

   
-80 

ALT, Alanine Aminotransferase; ALP, Alkaline Phosphatase; AST, Aspartate Aminotransferase; BASO, Basophils; BIL, 

Bilirubin; BUN, Blood Urea Nitrogen; CA, Calcium; CR, Creatinine; CRP, C-Reactive Protein; CYSC, Cystatin C; DD, 

D-dimer; EB, Erythroblasts; EOS, Eosinophils; FA, Folic Acid; FBG, Fibrinogen; FER, Ferritin; FT4, Free-thyroxine 

(FT4); GGT, Gamma-Glutamyl transferase; HbA1c, Glycated Hemoglobin; HDL, High-Density Lipoprotein; HCT, 

Hematocrit; HGB, Hemoglobin; IG, Immature Granulocytes; IL-6, Interleukin-6; K, Potassium; LDL, Low-Density 

Lipoprotein; LYMPHO, Lymphocytes; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin; MCHC, 

Mean Corpuscular Hemoglobin Concentration; MONO, Monocytes; MPV, Mean Platelet Volume; Na, Sodium; NEU, 

Neutrophils; P, Phosphorus; PDW, Platelet Distribution Width; PLT, Platelets; P-LCR, Platelet Larger Cell Ratio; RBC, 

Red Blood Cells; RDW-CV, Red Cell Distribution Width-Coefficient of Variation; RDW-SD, Red Cell Distribution Width- 

Standard Deviation; TSH, Thyroid Stimulating Hormone; TP, Total Proteins; TRF, Transferrin; UA, Uric Acid; WBC, 

White Blood Cells. 

 

 

 

Data collection and analysis 

 

The study utilized REDCap version 14.0.33 for secure pseudonymized data storage. 
 

Descriptive analyses presented categorical variables as counts and percentages, while 

continuous variables were reported using mean and standard deviations (SD) for normally 



 

distributed variables or median and interquartile ranges (IQR) for skewed variables. 

Pearson9s chi-square test was used to verify associations between categorical variables. 

NCS pilot demographic and lifestyle characteristics were compared to those obtained from 

the PASSI (Progressi delle Aziende Sanitarie per la Salute in Italia) surveillance system (ISS, 

2014). PASSI employs a random sampling technique for collecting information about 

lifestyle and risk factors for non-communicable diseases (NCDs) among the general adult 

population. For this study, data from residents in the Local Health Authority (LHA) of 

Novara between 60-69 years old were retrieved. Statistical analyses were performed using 

STATA version 17. All tests were two-tailed, with a type I error set to 0.05. 

 
 

Ethical considerations and privacy 

 

The local Ethical Committee approved the study protocol (Comitato Etico Interaziendale 

AOU Maggiore della Carità di Novara, Protocol Number CE137/2022). Participants were 

required to provide informed consent, ensuring their voluntary participation and 

understanding of the study's purpose and procedures. All data collection and management 

procedures adhere to the guidelines outlined in the EU General Data Protection Regulation 

(GDPR) 2016/679. 



 

1.3 Preliminary results from the NCS pilot 

 

Demographic and lifestyle characteristics of NCS pilot study participants 

 

This section provides an overview of the results of the NCS pilot study. This pilot 

aimed to evaluate the feasibility of recruitment methods, data collection processes, and 

participant engagement while also gathering preliminary data on the cohort's demographic 

and health characteristics. An overview of the NCS pilot participants' demographic 

characteristics is provided in Table 2. The NCS pilot study included 123 participants, 68 

(55.3%) women and 55 (44.7%) men; 45.5% were under 65, while 54.5% were 65 or older. 

Most participants had an upper secondary school diploma, with 45.4% of men and 55.9% of 

women receiving this qualification. Most participants were married (men 80%, women 

58.8%), living with someone (men 85.5%, women 79.4%), and retired (men 67.3%, women 

66.2%). 
 

Lifestyle characteristics and risk factors are presented in Table 3. Most participants 

identified themselves as either non-smokers or former smokers (76.4% of men and 95.6% of 

women). Almost all identified as omnivorous (92.7% of men and 89.7% of women). 

Adherence to a vegetarian diet was reported by 5.9% of women. Regarding alcohol 

consumption, the majority of NCS pilot participants (70.9% of men and 82.3% of women) 

reported consuming less than one alcoholic unit daily. Data on physical activity using the 

IPAQ questionnaire indicated that most of the NCS pilot population was at least moderately 

active (71.0% of men and 64.7% of women). The Pittsburgh Sleep Quality Index (PSQI) 

revealed that most NCS pilot participants experienced poor sleep quality (56.4% of men and 

60.3% of women). 



 

 
 

Table 2. NCS pilot participant demographic characteristics 
 

   
NCS participants 

 

 
Men 

n=55 

Women 

n=68 

Total 

n=123 

Age (years)-mean (SD) 65.5 (10.0) 64.7 (8.1) 65.1 (9.0) 
Age ≤65    

Mean (SD) 56.5 (7.2) 58.8 (6.1) 57.9 (6.6) 
Median (min-max) 57 (44-65) 61.5 (36-65) 61 (36-65) 
Age >65    

Mean (SD) 72.0 (5.7) 71.4 (4.0) 71.7 (4.9) 

Median (min-max) 71 (66-93) 71 (66-80) 71 (66-93) 

 
n (%) n (%) n (%) 

Education    

Primary or lower middle school 9 (16.4) 9 (13.2) 18 (14.7) 
High school 25 (45.4) 38 (55.9) 63 (51.2) 

University degree 21 (38.2) 21 (30.9) 42 (34.1) 

Marital status 
   

Single, divorced or widower 10 (18.2) 27 (39.7) 37 (30.1) 
Married 44 (80.0) 40 (58.8) 84 (68.3) 

Missing 1 (1.8) 1 (1.5) 2 (1.6) 

Cohabitation status 
   

Living alone 8 (14.5) 14 (20.6) 22 (17.9) 

Cohabiting 47 (85.5) 54 (79.4) 101 (82.1) 

Employment status 
   

Employed 18 (32.7) 15 (22.0) 33 (26.8) 
Unemployed 0 (0.0) 8 (11.8) 8 (6.5) 

Retired 37 (67.3) 45 (66.2) 82 (66.7) 

 
n, number; SD, standard deviation. 



 

Table 3. NCS pilot participant lifestyle and risk factors 

 
  

NCS participants 
 

 
Men 

n=55 

Women 

n=68 

Total 

n=123 

  
n (%) 

 
n (%) 

 
n (%) 

Smoking habits    

Never smoker 21 (38.2) 34 (50.0) 55 (44.7) 
Past smoker 21 (38.2) 31 (45.6) 52 (42.3) 
Current smoker 9 (16.3) 2 (2.9) 11 (8.9) 

Missing 4 (7.3) 1 (1.5) 5 (4.1) 

Alcohol consumption 
   

Never to seldom 11 (20.0) 23 (33.8) 34 (27.6) 
<1 alcohol unit/day 28 (50.9) 33 (48.5) 61 (49.6) 

≥1 alcohol unit/day 9 (16.4) 7 (10.3) 16 (13.0) 

Missing 7 (12.7) 5 (7.4) 12 (9.8) 

Physical activity 
   

Low 11 (20.0) 19 (27.9) 30 (24.4) 
Moderate 23 (41.9) 27 (39.7) 50 (40.7) 
High 16 (29.1) 17 (25.0) 33 (26.8) 

Missing 5 (9.1) 5 (7.4) 10 (8.1) 

Participation in screening 

programs 

   

No 25 (45.5) 2 (2.9) 27 (21.9) 

Yes 30 (54.5) 66 (97.1) 96 (78.1) 

BMI 
   

< 25 28 (50.9) 33 (48.6) 61 (49.6) 
25-29.99 20 (36.4) 24 (35.3) 44 (35.8) 

≥ 30 7 (12.7) 10 (14.6) 17 (13.8) 

Missing 
 

Diet 

- 1 (1.5) 1 (0.8) 

Omnivorous diet 51 (92.7) 61 (89.7) 111 (90.2) 
Vegetarian diet 0 4 (5.9) 4 (3.3) 
Other 1 (1.8) 1 (1.5) 2 (1.6) 

Missing 3 (5.5) 2 (2.9) 5 (4.1) 

Sleep Quality 
   

Poor 31 (56.4) 41 (60.3) 72 (58.6) 
Good 18 (32.7) 24 (35.3) 42 (34.1) 

Missing 6 (10.9) 3 (4.4) 9 (7.3) 

 
n, number; BMI, Body Mass Index 



 

Health status of the NCS pilot study participants 

 

Common cardiovascular disease (CVD) risk factors were evaluated (Table 3 and Table 4). 

Almost one in two participants was overweight (BMIg25), in particular 49.1% of men and 

49.9% of women. The average systolic blood pressure (BP) recorded during the visits was 

122.9 (13.6) mmHg for men and 123.8 (15.8) mmHg for women, both slightly above the 

recommended level (<120mmHg). In contrast, diastolic BP remained within the normal range 

(<80mmHg), averaging 76.4 mmHg for men and 77.3 mmHg for women. 

 
 

Table 4. Blood pressure, self-reported NCD, OTC, and prescription medications 
 

  
NCS participants 

 

 Men 

n=55 
Women 

n=68 
Total 

n=123 

Blood pressure - mean (SD)    

Systolic BP (mmHg) 122.9 (13.6) 123.8 (15.8) 123.3 (14.8) 

Diastolic BP (mmHg) 76.4 (9.0) 77.3 (10.5) 76.9 (9.8) 

Self-reported diagnosis of NCD (excluding hypertension and hypercholesterolemia) 

 n (%) n (%) n (%) 

0 13 (23.6) 20 (29.4) 33 (26.8) 
1 22 (40.0) 19 (27.9) 41 (33.3) 
2-3 12 (21.8) 18 (26.5) 30 (24.4) 

≥ 4 8 (14.6) 11 (16.2) 19 (15.5) 

Self-reported number of OTC and prescription medications 

 n (%) n (%) n (%) 

None 16 (29.1) 11 (16.2) 27 (22.0) 
1-4 32 (58.2) 49 (72.1) 81 (65.9) 

≥ 5 7 (12.7) 8 (11.8) 15 (12.2) 

 
NCD, non-communicable diseases; OTC, over the counter; n, number; SD, standard deviation; BP, 

blood pressure. 

 

 

 

Among the participants, 29.1% of men and 42.6% of women reported a diagnosis of 

hypertension. Despite all of them claiming full adherence to antihypertensive therapy, 

elevated blood pressure readings were found in 47.0% of men and 55.2% of women during 



 

the visit. On the other hand, of those who did not report having hypertension, 42.2% of men 

and 41.0% of women still exhibited blood pressure readings above the normal range. Forty 

percent of men and 27.9% of women reported having one chronic disease, while 36.4% of 

men and 42.7% of women declared having two or more conditions. The most frequent 

conditions were endocrine and metabolic diseases (34.5% of men and 57.4% of women), 

followed by cardiovascular disease (30.9% of men and 25% of women) and neoplasia (16.4% 

of men and 22.1% of women). Osteoporosis was reported by 1.8% of men and 29.4% of 

women. 

Women reported a higher (83.9%), albeit not statistically significant, use of over-the-counter 

(OTC) and prescription medications compared to men (70.9%). The most used prescribed 

drug classes were antihypertensives (27.3% of men and 35.3% of women), endocrine therapy 

(14.5% of men and 22.1% of women), lipid-lowering drugs (10.9% of men and 11.8% of 

women), antithrombotic drugs (16.4% of men and 10.3% of women), and beta-blockers 

(10.9% of men and 10.3% of women). 

 
 

Representativeness of the NCS pilot population compared to the general population 

To evaluate the representativeness of the NCS pilot sample, we compared the 

demographic and lifestyle characteristics of the NCS pilot study participants with those of 

residents aged 60-69 in the ASL Novara, as derived from the PASSI surveillance system. 

Compared with data from PASSI, the NCS pilot participants had a significantly higher level 

of education (p<0.001). Specifically, only 14.7% of NCS participants had primary or lower 

middle school education compared to 55.5% in PASSI; 51.2% had high school education 

compared to 34.9% in PASSI; and 34.1% had a university degree compared to 9.6% in 

PASSI. In terms of smoking habits, the NCS pilot participants exhibited a significantly lower 

prevalence of current smokers (8.9% vs. 17.0%, p=0.04). Alcohol consumption data showed 



 

that NCS pilot participants drank more alcohol, with 13.0% consuming g1 alcohol unit/day 

compared to 5.2% in PASSI (p=0.009). Conversely, those consuming <1 alcohol unit/day 

were more prevalent in PASSI than in the NCS pilot (77.2% vs 94.8%). Physical activity 

levels revealed a significantly higher proportion of individuals with low physical activity in 

the PASSI group (45.1%, p<0.001) compared to the NCS pilot group (24.4%). Moderate 

activity levels showed no significant difference between the groups (40.7% in NCS vs. 32.4% 

in PASSI), nor did high activity levels (26.8% in NCS vs. 22.5% in PASSI). There were no 

significant differences between the NCS pilot and PASSI data regarding marital status, 

cohabitation, employment status, participation in cancer screening programs, or BMI 

category distribution. However, some variations were observed, which may reflect 

differences in sample composition or the influence of sample size on statistical power. 



Table 5. Representativeness of the NCS Pilot cohort compared to the general population  
 

 

 
 NCS pilot PASSI  

   p-value 

 n=123 n=218  

Age (years) - mean (SD) 65.1 (9.0) 64.0 (2.92) 0.190 

 n (%) n (%)  

Education    

Primary or lower middle school 18 (14.7) 121 (55.5) <0.001 

High school 63 (51.2) 76 (34.9) <0.001 

University degree 42 (34.1) 21 (9.6) <0.001 

Marital status 
   

Single, divorced or widower 37 (30.1) 53 (24.3) 0.250 

Married 84 (68.3) 165 (75.7) 0.250 

Missing 2 (1.6)   

Cohabitation status 
   

Living alone 22 (17.9) 27 (12.4) 0.160 

Cohabiting 101 (82.1) 191 (87.6) 0.160 

Employment status 
   

Employed 33 (26.8) 57 (26.1) 0.890 

Unemployed 8 (6.5) 7 (3.2) 0.150 

Retired 82 (66.7) 152 (69.7) 0.550 

Smoking habits 
   

Never smoker 55 (44.7) 106 (48.6) 0.487 

Past smoker 52 (42.3) 75 (34.4) 0.132 

Current smoker 11 (8.9) 37 (17.0) 0.040 

Missing 5 (4.1) - - 

Alcohol consumption 
   

Never to seldom 34 (27.6) 82 (38.1) 0.060 

<1 alcohol unit/day 61 (49.6) 125 (56.7) 0.168 

g1 alcohol unit/day 16 (13.0) 11 (5.2) 0.009 

Missing 12 (9.8) - - 

Physical activity 
   

Low 30 (24.4) 96 (45.1) <0.001 

Moderate 50 (40.7) 69 (32.4) 0.090 

High 33 (26.8) 48 (22.5) 0.316 

Missing 10 (8.1) - - 

Participation in cancer screening 

programs 

   

No 27 (21.9) 37 (17.0) 0.258 

Yes 96 (78.1) 181 (83.0) 0.258 

BMI 
   

< 25 61 (49.6) 105 (48.4) 0.800 

25-29.9 44 (35.8) 84 (38.7) 0.613 

≥ 30 17 (13.8) 28 (12.9) 0.798 

Missing 1 (0.8) - - 

n, number; SD, standard deviation; BMI, body mass index 



1.4 Discussion 
 

 

 

The NCS represents an important endeavour in the field of aging research, as it aims 

to comprehensively investigate both cross-sectional and longitudinal aspects of aging within 

the Novara population. By examining multiple dimensions of aging, including 

socioeconomic, environmental, physical, cognitive, biological, and psychological aspects, the 

NCS aims to help elucidate the complex interplay of factors influencing aging trajectories 

and outcomes and inform evidence-based interventions and strategies to promote well-being 

and longevity. The pilot study has demonstrated the feasibility of scaling the NCS to a larger 

cohort. It tested recruitment strategies, data collection methods, and participant engagement 

processes, providing insights into logistical and methodological challenges. These results 

confirm the ability to implement a larger longitudinal investigation while identifying possible 

areas for refinement, such as questionnaires, improving public engagement strategies, and 

addressing cohort representativeness. The longitudinal follow-ups will allow researchers to 

evaluate participants' changes in health outcomes, functional abilities, lifestyle factors, and 

environmental exposures as they age. In particular, the NCS pilot has been instrumental in 

identifying critical areas for improvement across all phases of the NCS, including public 

engagement, participant procedures, and the types of questionnaires and functional tests 

administered. This study also aimed to describe the baseline characteristics of the population 

enrolled in the pilot study and evaluate its representativeness. This was assessed by 

comparing the characteristics of the NCS Pilot population with a random sample of the 

Province of Novara, the study's area. The sample is represented by citizens aged 60-69 years 

contacted by the PASSI Survey (ISS, 2014), a national study to assess the health status of the 

Italian population. Compared with the data from PASSI, the NCS pilot participants were 

more likely to have a higher level of education (p<0.001). Additionally, NCS pilot 

participants demonstrated a lower prevalence of low physical activity levels (p<0.001), 



 

 

indicating a more active lifestyle overall. Notably, no significant differences were found in 

moderate (p=0.09) and high (p=0.316) physical activity levels. Moreover, there was a 

statistically significant higher prevalence of consumption of one or more alcohol units per 

day in the NCS pilot participant when compared with participants from PASSI (p=0.01). 

While the NCS pilot's successful recruitment was mostly voluntary, it is fundamental 

to acknowledge the limitations and biases that this recruitment method can lead to. Compared 

with the general population, the NCS pilot participants were found to have a significantly 

higher level of education and a more active lifestyle. This outcome is common in research 

studies, particularly those involving voluntary participation, where a higher proportion of 

participants with higher education levels is often observed. This phenomenon, known as self- 

selection bias or volunteer bias, occurs when individuals with certain characteristics, such as 

higher education levels, are more likely to volunteer for research studies (Popovic & 

Huecker, 2023). Volunteers may exhibit exposure or outcomes that differ from those of the 

general population, possibly causing the association of interest to differ from the true 

association present in the general population, threatening the study's internal validity (Van 

Alten et al., 2024). Bias in an association can occur when characteristics influencing 

participation also affect the outcome of interest. For example, factors contributing to this 

trend, such as socioeconomic status, health literacy, access to information, healthcare, or 

motivation to participate in health-related research, can lead to the overrepresentation of 

certain groups, leading to false positive associations and/or associations of the incorrect sign 

(Van Alten et al., 2024). Additionally, structural factors like geographic access to study sites, 

cultural attitudes toward research, and the availability of resources contribute to discrepancies 

between the study population and the general population. Volunteers might have a different 

perception of the study's relevance or saliency (e.g., time or financial stability), further 

contributing to biased associations (Jordan et al., 2013). 



 

 

Participants in the NCS pilot were volunteers, showing interest in contributing to 

research and scientific progress. Different studies show that higher education levels often 

correlate with increased health consciousness and proactive health management (Raghupathi 

& Raghupathi, 2020). Individuals with such backgrounds are more likely to engage in health- 

related research, seeking to understand their health, advance scientific knowledge better, and 

potentially benefit from health interventions. Moreover, those with higher education typically 

exhibit a strong interest in learning and contributing to academic or scientific pursuits, further 

motivating their involvement in research aligned with their expertise or interests (Jordan et 

al., 2013). Many studies highlight similar findings: compared to the general population, the 

population included in studies through voluntary participation is significantly different. 

Studies found that these participants are older, female, less urban, better educated, white, 

have higher income, live in well-off areas, are up-to-date with screening and doctor9s visits, 

and require fewer medications (Brayne & Moffitt, 2022). A study by Van Alten et al. (2024) 

demonstrated that while volunteer bias was of little importance when assessing risk factors 

for mortality, it matters more substantially when investigating socioeconomic and health- 

related variables. These studies demonstrate that striving for a representative sample is 

crucial. Using strategies to alleviate volunteer bias will allow us to identify individuals with 

different educational levels and socio-demographic backgrounds. This approach will increase 

the reliability of the NCS findings. Such awareness urges us to devise strategies such as 

randomized calls or invitations to promote inclusivity and accessibility in research 

participation, ensuring that study outcomes are relevant and beneficial to the general 

population. 

Volunteers allowed us to achieve good engagement with the Novara community in the 

research process. This was achieved through a series of public engagement events, including 

open days and public meetings, which allowed citizens to interact directly with the research 



 

 

team involved in the NCS. Such events were fundamental to fostering a sense of trust 

between the Novara community and the researchers. Trust, as highlighted by Wilkins (2018), 

is crucial in cohort studies as it encourages engagement and active participation by the 

citizens. Trust in researchers and the belief in the research contribute significantly to the 

population9s willingness to participate in cohort studies (Wilkins, 2018). Moreover, engaging 

with participants in longitudinal studies has been shown to promote their recruitment and 

retention throughout the study (Ochieng et al., 2021). Such events were crucial not only for 

the success of the NCS pilot study but also for establishing long-lasting relationships between 

the participants and the NCS research team. These relationships are fundamental to the 

success of any cohort study, particularly to maintaining retention and sustainability of the 

study (Teague et al., 2018). 

In conclusion, the Novara Cohort Study (NCS) pilot has been instrumental in 

evaluating the feasibility of conducting a larger-scale study on aging. The pilot successfully 

engaged the local population and collected comprehensive data; challenges like selection bias 

highlight the need for more inclusive recruitment strategies in future waves. These findings 

lay the groundwork for longitudinal research that can inform public health policies and 

interventions promoting healthy aging. By addressing identified limitations, the NCS has the 

potential to significantly contribute to understanding complex factors influencing health and 

improving health aging trajectories in aging populations. 



 

 

Section 2. Exploring inequities in breast cancer screening access for Canadian-born 

Indigenous and immigrant populations in Ontario. 



 

 

2.1 Introduction 

 

Breast cancer (BC) is a leading cause of morbidity and mortality, contributing 

significantly to the global burden of disease (Trapani et al., 2023). It is the second most 

commonly diagnosed cancer worldwide, with approximately 2.3 million new cases and over 

600,000 deaths reported in 2020, accounting for nearly 12% of all cancers diagnosed and 

16% of cancer-related deaths in women (Bray et al., 2024). In 2019, the disease burden of BC 

has been quantified in a loss of 20,625,313 disability-adjusted life-years (DALYs), reflecting 

its significant impacts on societies and health systems (Vos et al., 2020). 

Multiple lifestyle and non-modifiable risk factors are linked to a higher risk of BC, 

including increased older age, at least one first or second-degree relative diagnosed with BC, 

and heterogeneous or very dense breast tissue. Moreover, the risk for primary BC is higher in 

women with previous high-risk BC lesions, family history of breast and ovarian cancer, 

positivity for genetic markers associated with a high-risk BC, previous large doses of chest 

radiation before the age of 30, and type II diabetes. Modifiable risk factors include use of 

hormone replacement therapy, diet content (high fat and low fibres), smoking, low physical 

activity, increased BMI, alcohol use, nulliparity, or advanced age at first full-term delivery 

(Henderson et al., 2024) 

Global trends and disparities 

 

The incidence, prevalence and mortality for BC are not evenly distributed worldwide. 

BC incidence and mortality rates continue to rise globally, with notable differences observed 

across regions and age groups (Heer et al., 2020). In North America and Europe, the 

incidence of BC is at 97.0 and 83.3 per 100,000 individuals, respectively, whereas incidence 

rates are significantly lower in Africa and East Asia, at 27.0 per 100,000 (Loibl et al., 2021). 

HICs, mainly in Europe, have achieved an average of 40% reduction in BC mortality since 



 

 

1990, primarily due to organized screening programs, early-stage diagnosis and timely 

treatment (Zielonke et al., 2020). However, in low-income (LICs) and lower-middle-income 

countries (LMICs), mortality rates are increasing, with estimates ranging from 17.4 to 20.1 

per 100,000 (Lima et al., 2021). The 5-year survival rates in HICs exceed 90%, compared 

with 66% in India and 40% in South Africa (WHO, 2023). This disparity highlights the 

inequities in healthcare infrastructure in LICs and LMICs, including limited access to early 

detection services, timely diagnosis, and effective treatment. In LICs and LMICs, up to 60% 

of BC cases are diagnosed at Stage III or IV, compared to less than 30% in HICs, where 

organized screening programs have shifted diagnoses to earlier, more treatable stages 

(Fuentes et al., 2023). 

By 2040, global BC cases are expected to rise to 3.19 million annually, with 1.04 

million deaths, concentrated mostly in LICs and LMICs (The Lancet Oncology, 2024). 

Screening and early detection initiatives, which have been well-established in HICs over 

recent decades, have played a fundamental role in improving outcomes by facilitating the 

diagnosis of cancers at earlier, more treatable stages (WHO, 2010). These programs have also 

demonstrated the potential to significantly reduce the proportion of late-stage diagnoses, as 

seen in countries like Norway and Sweden (Fuentes et al., 2023). However, persistent barriers 

in LICs and LMICs, including lack of awareness, financial constraints, and cultural stigma, 

continue to hinder early detection efforts. These challenges contribute significantly to the 

disparities in outcomes observed between high- and low-income settings (Dey, 2014). These 

disparities underscore the importance of early detection strategies, mainly organized 

screening programs, which reduce mortality rates. 



 

 

Figure 1: On the left, years lived with disability (YLD) per 100.000 in women aged 50-69 diagnosed with BC. 

On the right, deaths per 100.000 in women aged 50-69 diagnosed with BC. 

 

 

Screening and early detection 

 

Screening for BC is an important secondary prevention strategy that has been shown 

to reduce mortality by facilitating early disease detection. BC screening can prevent BC 

morbidity and mortality by identifying cancer at an earlier stage than it would have presented 

clinically, improving survival rates (Trapani et al., 2023). Large clinical trials in North 

America and Europe have demonstrated that BC screening programs can save lives and 

increase longevity (Bretthauer et al., 2023). These programs are typically initiated through 

primary care providers or specialized screening programs. 

In this context, it is important to distinguish between sporadic and organized BC 

screening programs. Organized BC screening programs systematically invite women in the 

target age group for regular mammography, ensuring consistent follow-up and equitable 

access (Lauby-Secretan et al., 2015; Gilbert & Pinker-Domenig, 2019). In contrast, sporadic 

or opportunistic screening relies on individuals or healthcare providers initiating screening, 

resulting in lower participation rates, gaps in follow-up, and a higher likelihood of late-stage 

detection (Lauby-Secretan et al., 2015). Evidence from structured programs demonstrates 



 

 

their effectiveness in shifting the stage at which BC are diagnosed, with over 60% of invasive 

cancers detected at stage I or II in organized screening settings (Lousdal et al., 2016). This 

shift to earlier detection has been associated with significant reductions in mortality (Eby et 

al., 2022). Many European countries follow the guidelines established by the European 

Commission to implement Organized Screening Programs. These programs are designed to 

detect BC early in asymptomatic women by ensuring systematic invitations and high-quality, 

standardized mammography services (European Commission, 2022). Through adherence to 

these guidelines, European-organized screening programs have demonstrated notable 

reductions in BC mortality, demonstrating the effectiveness of structured and evidence-based 

approaches to early detection. 

The implementation of organized BC screening programs has a well-documented 

initial impact on cancer incidence rates. This phenomenon is due to the detection of 

preclinical cancers that would otherwise remain undiagnosed for years. This phenomenon, 

often referred to as the "incidence peak," reflects the program's ability to identify cancers at 

earlier stages, including those that might not have become symptomatic within a woman's 

lifetime (Katalinic et al., 2019). The increase is especially pronounced in the first few rounds 

of screening as the program systematically includes women who may have never undergone 

mammography before. For instance, a European study found that organized screening 

programs increased BC incidence by approximately 16% within the first five years of 

implementation (Zielonke et al., 2020). The rise was attributed to the detection of early-stage 

and asymptomatic cancers. Following the initial spike in incidence, a stabilization or even a 

slight decline is observed over time as the population adjusts to regular screening intervals 

(Katalinic et al., 2019) (Figure 2). 



 

 

Figure 2: Breast cancer incidence rates per 100,000 women in Germany, presented as follows: (a) age- 

standardized for all age groups, (b) stratified by age (invasive BC only), and (c) categorized by UICC stage 

(invasive BC only). The vertical dotted line marks the introduction of mammography screening in 2005. 

Adapted from Katalinic et al., 2019. 

 

 

Meta-analyses of randomized clinical trials have further established the overall 

effectiveness of organized mammography screening, particularly for women aged 50 to 69, 

where it has been associated with a significant reduction in BC mortality. Biennial screening 

for women aged 50 to 69 provides a balance between maximizing the benefits of reduced 

mortality and minimizing the harms of false positives and overdiagnosis (Nelson et al., 2016). 

Current practice guidelines from professional societies (WHO), guideline groups, and 

government agencies recommend BC screening for average-risk women beginning no later 

than age 50 (WHO, 2023). 

While the benefits of BC screening are well-documented, these programs can also 

bring some challenges. Overdiagnosis is a consequence of BC screening. An overdiagnosed 

BC refers to a cancer detected through screening that would not have caused symptoms or 

become clinically apparent during a woman9s lifetime without screening (Gunsoy et al., 

2012). BC screening tends to identify slow-growing cancers more often than fast-growing 



 

 

tumours because slow-growing cancers remain in the detectable range of tumour sizes for a 

longer period, making them more likely to be picked up during screening (length bias) 

(Gøtzsche & Jørgensen, 2013). Overdiagnosis can result in unnecessary treatments, including 

surgery, radiation therapy, and chemotherapy, which bring physical, emotional, and financial 

burdens. Another concern is false positive results, in which screening detects abnormalities 

later found to be non-cancerous (Gøtzsche & Jørgensen, 2013). The false positives can cause 

considerable and sustained psychological distress also for years after the women are declared 

cancer-free. The cumulative risk of a false‐positive result after 10 mammograms ranges from 

about 20% to 60% (Gøtzsche & Jørgensen, 2013). It was considerably higher in the US than 

elsewhere. 

Socioeconomic inequalities in BC screening 

 

Social and economic determinants of health (SDH) refer to the non-medical factors 

that significantly impact health outcomes. The WHO (2023) defines them as <the conditions 

in which people are born, grow, work, live, and age=. These determinants include economic 

systems and policies, social norms and policies, political systems, and developmental 

agendas. These factors influence health equity, which can be achieved by addressing and 

eliminating health inequities across populations defined by social, economic, demographic, or 

geographic characteristics (Li et al., 2024). Health inequalities are, according to the 

Commission on Social Determinants of Health, <the result of the cumulative impact of 

decades of exposure to health risks of those who live in socioeconomically less advantaged 

circumstances= (Marmot et al., 2008). Social inequalities in the cancer continuum refer to the 

systematic disparities among social groups that influence an individual9s risk of developing 

cancer, their access to timely and effective treatment, their chances of survival, and their 

availability to receive palliative care (Sarfati, 2019).) These social inequalities in the cancer 

continuum occur both within and between countries. 



 

 

Evidence demonstrates the significant influence of socioeconomic inequalities on 

cancer incidence, survival after diagnosis, mortality at the population level, and access to 

screening (Tetzlaff et al., 2023). Studies have shown that individuals with lower 

socioeconomic positions, measured by education, income, employment status, or other 

indicators, are disproportionately at higher risk of being diagnosed with cancer and 

experiencing poorer outcomes, including higher mortality rates, compared to individuals in 

higher socioeconomic positions (Vaccarella et al., 2022). Moreover, particularly in HIC, 

cancer patients living in socioeconomically deprived areas are found to have worse cancer 

outcomes compared to those living in less deprived areas (Exarchakou et al., 2022). 

Socioeconomic factors also significantly determine access to and uptake of BC 

screening programs. Evidence shows that women with lower socioeconomic status (SES), 

lower educational attainment, or lower income are less likely to participate in screening 

programs, as demonstrated in studies conducted in Canada, the UK, and Sweden (Mottram et 

al., 2021; Ding et al., 2022). Immigration status further exacerbates these disparities, with 

immigrants showing lower participation rates compared to native-born populations (Mottram 

et al., 2021). Evidence from a study conducted in the United States revealed that non- 

Hispanic Black women had slightly higher BC screening rates compared to non-Hispanic 

White women but experienced worse outcomes. In contrast, Hispanic and Asian women 

showed significantly lower screening rates, often due to systemic barriers such as language 

difficulties, lack of insurance, and reduced access to healthcare services (Sun et al., 2024). 

Structural barriers, such as distance from screening facilities and lack of transportation, 

disproportionately affect women in rural areas, as reported in studies from Australia and 

Norway, contributing to lower screening rates (Ding et al., 2022). Furthermore, health system 

factors, including reminders for screening, play a crucial role; reminders have been shown to 

increase participation, particularly in urban populations in the US and Sweden, where higher 



 

 

non-participation rates were observed without reminders (Ding et al., 2022). Interestingly, 

cultural factors play a role in the uptake of BC screening, particularly in low-resource settings 

and among marginalized groups in higher-resource settings. In these settings, stigma 

surrounding BC and fear of diagnosis prevent women from participating in BC screening 

programs. Fatalistic beliefs in which cancer is perceived as an untreatable condition further 

discourage participation in screening programs. These barriers are often intensified by 

societal norms, where decision-making can be influenced by family members or community 

leaders (Tavakoli et al., 2024). 

The need to address socioeconomic inequalities in cancer has gained particular 

attention in recent years, being recognized as a matter of human rights and economic benefit. 

Combating inequalities in cancer has been prioritized by the WHO and United Nations (UN) 

in the Public Health Agenda and in the Sustainable Development Goals (United Nations, 

2015). Additionally, the European Union (EU) has made addressing inequalities in the cancer 

continuum a priority through initiatives such as the <Europe9s Beating Cancer Plan= and the 

establishment of the Cancer Inequalities Registry (European Commission, 2021). 

The Canadian case study 

 

Canada can be considered an interesting case study to understand differences and 

disparities in BC incidence and mortality, and screening participation inequalities. Canada is 

the second-largest country in the world by land area, composed of 10 provinces and three 

Territories. Provinces and Territories are responsible for social programs such as healthcare, 

education, and welfare. The difference between the Territories and the Provinces lies in their 

governance and administrative structure, where Provinces have more political power and 

autonomy than the Territories, which rely more on the Government of Canada. The vast 

majority of Canada is inhabited, with most of the population living close to the border with the 



 

 

US and over 60% of the population living in two provinces: Quebec and Ontario. Compared 

with the Territories, which are located in the north, the southern regions of Canada are 

economically more affluent, with a high population density and high level of urbanization, and 

better-developed infrastructure and services, including healthcare facilities (Statistics Canada, 

2022). 

Figure 3: Canada population density map by Encyclopedia Britannica, 2021 

 

 
 
 
 

 

Ontario stands out as a key province for investigating healthcare disparities. It is home 

to over 30% of Canada's population, with approximately 4.2 million immigrants and 406,590 

Indigenous people, making it the province with the largest Indigenous population in Canada. 

Among the provinces, Ontario has the largest population and immigrant population in Canada, 

with the highest number of Indigenous residents, followed by British Columbia and Alberta. 

Despite having one of Canada's most developed healthcare infrastructures, Ontario still faces 

challenges in achieving equitable healthcare access, particularly for these minority populations 

(Martin et al., 2018). 



 

 

Indigenous communities in Canada have historically faced social and economic 

inequities compared to the non-Indigenous population, stemming from the effects of 

colonization, systemic racism and forced displacement from their traditional land and 

communities (Durand-Moreau et al., 2022). These disparities have led to systemic challenges, 

including racism, discrimination, and bias within institutions, which still strongly impact the 

lives of Indigenous peoples (Durand-Moreau et al., 2022). The systemic disparities experienced 

by Indigenous populations in the Territories help explain the health inequities and 

socioeconomic disadvantages between them and the rest of Canada. Indigenous populations 

have a higher rate of type 2 diabetes, hypertension, substance abuse, and mental health 

problems (Durand-Moreau et al., 2022). Moreover, these populations are found to have a lower 

level of education and lower access to training compared to the non-Indigenous population, 

limiting their ability to get jobs in the mainstream economy (Durand-Moreau et al., 2022). 

Similarly, systemic barriers also affect immigrant and visible minority groups, defined 

as individuals other than Indigenous who are non-Caucasian in race or non-white in colour 

(Table 2) (Statistics Canada, 2021). These face language and cultural barriers, as well as limited 

access to healthcare resources, exacerbating their marginalization within healthcare systems. 

These inequalities often stem from underlying inequities in the healthcare system, conditions 

that hinder access to reduced participation in preventive health measures, such as cancer 

screening programs. (Ferdous et al., 2018; Ahmed et al., 2015) 

In this context, this study aims to analyze how socioeconomic factors influence breast 

cancer screening participation in the province of Ontario, focusing on four populations: 

Canadian-born, immigrant, Indigenous, and visible minorities. Specifically, this study aims to 

investigate differences in screening participation rates among these groups and investigate 

whether the socioeconomic factors influencing participation in BC screening differ across 



 

 

these groups, interventions possibly highlighting unique barriers that each population faces 

and identifying possible areas for targeted intervention. 



 

 

2.2 Material and Methods 

 

Study design 

 

This study conducted a secondary cross-sectional analysis using the 2019-2020 

Canadian Community Health Survey (CCHS) dataset, focusing on the breast cancer screening 

module in Ontario 

Data collection procedure 

 

The CCHS is a cross-sectional survey conducted by Statistics Canada that collects 

information about health status, healthcare utilization and health determinants across Canada 

(Statistics Canada, 2019). CCHS facilitates population health research and allows for health 

surveillance. The 2019-2020 cycle of the CCHS, released in April 2022, was used for this 

analysis. Data were collected from approximately 110,000 respondents over the two-year 

period. The 2020 cycle had notable differences compared to the 2019 version due to the 

COVID-19 pandemic. Data collection was paused in March 2020 and did not resume until 

September, with collection periods shortened from three months to five weeks. In-person 

interviews were replaced by telephone interviews, which reduced the number of cases 

collected. In the territories, data collection was further limited during the final three collection 

periods of 2020, with coverage restricted to the capitals (Statistics Canada, 2022). However, 

the breast cancer screening data analyzed in this study was part of the core content administered 

in 2019 in Ontario, meaning that the disruptions caused by the COVID-19 pandemic did not 

affect the data of interest. 

The CCHS employs a large sample to provide reliable estimates at national, provincial, 

and regional levels. The survey content is structured into annual common content, optional 

content, and rapid response content, each addressing different public health needs. Were 

conducted both in person and via phone call, lasting between 40 to 45 minutes (Statistics 



 

 

Canada, 2022). The CCHS produces an annual microdata file and a second microdata file, 

which combine two years of data every second year. The combined data are the same as the 

two individual annual data files (Statistics Canada, 2022). 

Research population and sampling 

 

The 2019-2020 CCHS includes participants aged 18 years and older from all provinces 

and Territories of Canada. Individuals living on reserves and other Indigenous settlements, full- 

time members of the Canadian Forces, residents of certain remote regions (Quebec health 

regions of Région du Nunavik and Région des Terres-Cries-de-la-Baie-James), and 

institutionalized individuals were excluded from the data collection. 

For the purpose of this study, female respondents aged 50 to 64 from the province of 

Ontario were included, as the BC screening module was only administered to women in that 

age range. Proxy reporting (when a selected respondent is unable to answer themselves) and 

cases with missing data were excluded from the analysis (Statistics Canada, 2022). In this 

study, the analysis was stratified into Canadian-born, immigrant, Indigenous peoples, and 

visible minorities to investigate specific barriers and facilitators of BC screening access within 

these groups. <Immigrant= were defined as being not born in Canada, and Indigenous peoples 

and visible minorities were defined based on the response given in the CCHS (Table 1). 

Measures 

 

This study utilized the Public Use Microdata Files (PUMF) retrieved from Statistics 

Canada (https://www.statcan.gc.ca/eng/microdata/dli/data). The BC screening questionnaire 

was part of the core content of the 2019-2020 edition. Participants were asked whether they 

had undergone a mammogram and, if so, the timing of their most recent test. The dependent 

variable, participation in BC screening, was defined as being up to date with recommended 

screening guidelines: a mammogram within the past two years for women aged 50 to 74, as per 

https://www.statcan.gc.ca/eng/microdata/dli/data


 

 

the Ontario Breast Screening Program (OBSP) (Cancer Care Ontario, 2021). Other independent 

variables were included in the analysis to estimate the impact of socioeconomic and cultural 

factors on the uptake of BC screening. All variables included in the study are presented in Table 

1: 

Table 1: Variables included in the study, adapted from the CCHS data dictionary (Statistics Canada, 2022). 

 

Variable 

Name 
Associated Question 

 
 

 

MAM_010  

Up to date with mammography screening 
When was the last time you had a 
mammography? 

MAM_005 Mammography ever Has the respondent ever had a 
mammogram? 

 

SDC_015 Aboriginal status 
Are you an Aboriginal person, that is, 
First Nations, Métis or Inuk (Inuit)? 

 

SDCDVFLA Visible minority 
Do you belong to one or more racial or 
cultural groups? 

PHC_020 Regular healthcare provider 
Do you have a regular healthcare 

provider? 

GENDVHDI Perceived health How do you consider your health to be? 

 
INCDGHH Income What is the total household income? 

 

EHG2DVH3 Education 
What is the highest education level 
achieved by the respondent? 

 

UCN_005 Unmet healthcare need 
Did the respondent experience unmet 
healthcare needs? 

 
CCCDGCAR 

Does the respondent have any heart 
disease? 

CCCDGSKL Does the respondent have arthritis? 

CCCDGRSP 
Does the respondent have respiratory 

Chronic conditions disease? 

CCC_195 
Does the respondent have high blood 
pressure? 

 
CCC_200 Does the respondent have diabetes? 

 
DHHGMS Marital status What is the respondent's marital status? 

At the present time, do you smoke 
SMK_005 Smoking status cigarettes every day, occasionally or not 

at all? 

 
MAC_010 Working status last 12 months Have you worked at a job or business at 

 any time in the past 12 months?  



 

 

Data analysis 

 

The statistical analysis was carried out using SAS v.9.4 software. We calculated the 

proportion of participants who were up to date with BC screening. Descriptive statistics were 

stratified by Canadian-born, immigrant, Indigenous populations, and visible minorities to 

investigate differences in mammography screening status and the influence of socioeconomic 

factors. Descriptive statistics are presented as unweighted values and weighted percentages to 

improve population representativeness. Bivariate associations were used to investigate BC 

screening status by sociodemographic characteristics (including access to PHC). Multivariable 

logistic regression models were developed separately for each group to assess associations 

between socioeconomic factors and BC screening participation. Since the goal was to identify 

barriers within each subgroup and given the small sample sizes, separate logistic regression 

models were used instead of interaction terms in a pooled model. We used an α of less than 

0.05 to determine statistical significance. Sample weights were applied in descriptive statistics, 

bivariate associations, and multivariable logistic regression. For each respondent, the sampling 

weight indicates the number of individuals in the Canadian population that the respondent 

represents (Statistics Canada, 2022). A thematic map was created using QGIS (v.3.x) to 

visualize the geographic distribution of BC screening prevalence, defined as women having 

had a mammography in the preceding 2 years across Ontario9s public health units. Prevalence 

data were linked to the geographic shapefile of health unit boundaries using unique identifiers. 

A graduated symbology approach was applied, assigning a gradient colour ramp to represent 

screening prevalence, with lighter shades indicating lower prevalence and darker shades 

indicating higher prevalence. 

Ethical considerations 

 

The CCHS dataset is collected by Statistics Canada per organizational data ethics 

principles. The CCHS PUMF data is accessed and adapted by the Statistics Canada Open 



 

 

Licence Agreement (https://www.statcan.gc.ca/en/reference/licence). PUMFs are developed 

from the master files by removing or collapsing variables that could potentially lead to the 

identification of individuals. Variables most likely to identify an individual are deleted or 

collapsed into broader categories (Statistics Canada, 2022). 

http://www.statcan.gc.ca/en/reference/licence)


 

 

2.3 Results 

 

A thematic map (Figure 3) illustrates the geographic distribution of BC screening 

uptake across Public Health Units (PHUs) in Ontario, revealing notable regional disparities. 

Urban PHUs generally exhibit higher screening uptake compared to rural and remote areas. 

Notably, the Durham Region Health Department and Brant County Health Unit report BC 

screening rates exceeding 75%, at 80.5% and 78.8%, respectively. In contrast, Lambton 

Public Health demonstrates a significantly lower prevalence, with only 47% of individuals up 

to date with screening. 

Figure 4: Adherence to BC screening per Public Health Unit (LHU) in Ontario in women aged 50-64, 2019 
 



 

 

The study included 3,937 female respondents, subdivided by Canadian-born (3,097), 

immigrant (747), Indigenous (116), and visible minority populations (370) (Table 2). 

Table 2: Definitions and sample sizes of study populations stratified by Canadian-born, immigrant, Indigenous, 

and visible minority groups. The table describes the inclusion criteria and respective sample sizes for women 

aged 50-64 residing in Ontario 

 

Name Definition Sample size 

Canadian-born Women aged 50-64 resident in Ontario born in Canada 3097 

Immigrant Women aged 50-64 resident in Ontario not born in Canada 747 

Indigenous 
Women aged 50-64 resident in Ontario who identify as 
Indigenous (First Nation, Inuit or Mètis) 

116 

Visible minorities 
Women aged 50-64 resident in Ontario that belong to one or 
more racial/cultural groups** 

370 

** Statistics Canada (2021) defines visible minorities as <persons, other than Indigenous peoples, who are non- 

Caucasian in race or non-white in colour=. The visible minority population consists mainly of the following 

groups: South Asian, Chinese, Black, Filipino, Arab, Latin American, Southeast Asian, West Asian, Korean and 

Japanese.= 

Table 3 presents the lifetime mammography rates and uptake of BC cancer screening 

across these groups. Among the Canadian-born population, 91.4% reported ever having a 

mammogram, compared to 90.1% in the immigrant population, 94.6% among Indigenous 

individuals, and 85.7% among visible minorities. Notably, Indigenous respondents exhibited 

the highest rate of lifetime mammography participation, while visible minorities had the 

lowest. Among the general population, 69.1% of women were up-to-date with BC screening, 

compared to where this proportion was 68.8% in the Canadian-born population, 70.6% in the 

immigrant population, and 67.0% in the Indigenous population. Immigrant respondents 

exhibited the highest rate of regular participation in BC screening, while Indigenous 

respondents had the lowest. Similarly, 67.5% of visible minorities were up-to-date with BC 

screening (Table 3) 



 

 

Table 3: Lifetime and up-to-date mammography screening participation rates among Canadian-born, 

immigrant, and Indigenous, presenting proportions of "Yes," age group 60-64 

 

 General 
population 

Canadian-born 
population 

Immigrant 
population 

Indigenous 
population 

Visible 
minority 

 % % % % % 

Lifetime 

mammography 

Yes (%) 90.5 91.4 90.1 94.6 85.7 

Up-to-date 

screening 

     

Yes (%) 69.1 68.8 70.6 67.0 67.5 

*Note: % (percentage) of women who had mammography in their lifetime and women who are up to date with 

BC screening. Percentages are presented as weighted 

Table 4 presents the socioeconomic characteristics of respondents. Most respondents 

in all groups reported access to a regular healthcare provider, with the highest proportion 

among visible minorities (97.9%) and the lowest among immigrants (97.3%). Compared to 

the general population, both immigrants (p = 0.01) and visible minorities (p = 0.01) were 

significantly more likely to have access to a regular healthcare provider. Education level was 

highest among visible minorities, with 85.2% holding a post-secondary diploma or certificate, 

compared to 64.8% in Indigenous populations. The difference was statistically significant for 

visible minorities (p = 0.001), who had a higher proportion of post-secondary graduates than 

the general population. Secondary school graduation rates were significantly lower among 

immigrants (10.4%, p = 0.0009), Canadian-born respondents (13.3%, p = 0.0003), and visible 

minorities (8.2%, p = 0.001) compared to the general population. Household income varied 

significantly across groups. Indigenous respondents were significantly less likely to report 

earning over $60,000 (62.8%, p = 0.009) compared to the general population. Marriage rates 

were highest among immigrants (75.9%) and visible minorities (72.8%), though no 

statistically significant differences were observed compared to the general population 



 

 

Perceived health was highest among Canadian-born respondents, with 38.5% reporting 'very 

good' health and 22.1% reporting 'excellent' health, while Indigenous and visible minority 

respondents reported lower perceived health levels. Compared to the general population, 

immigrants (p = 0.0001), Indigenous respondents (p = 0.02), and visible minorities (p = 

0.001) were significantly more likely to report poorer perceived health. Chronic conditions 

were most prevalent among Indigenous respondents (59.6%) and least prevalent among 

visible minorities (33.8%). Compared to the general population, Indigenous respondents had 

a significantly higher prevalence of chronic conditions (p = 0.004), while visible minorities 

had a significantly lower prevalence (p = 0.001). Smoking rates were lowest among visible 

minorities (3.9%) and immigrants (5.0%) compared to the general population, with 

statistically significant differences observed for both groups (p = 0.001). Conversely, 

Indigenous respondents (13.9%) had higher smoking rates, though this difference was not 

statistically significant (p = 0.51). Employment rates were highest among immigrants 

(73.9%) and visible minorities (74.8%). Both groups were significantly more likely to be 

employed compared to the general population (p = 0.001). Unmet healthcare needs were 

reported most frequently by Indigenous respondents (13.3%), a significantly higher 

proportion compared to the general population (p = 0.005). In contrast, visible minorities had 

the lowest proportion (6.7%), though this difference was not statistically significant (p = 

0.09). 



 

 

Table 4: Socioeconomic characteristics and health status of women aged 50364 stratified by Canadian-born, immigrant, Indigenous, non-visible minority, and visible 

minority groups. 

 
 General population 

Canadian-born 

population 

 Immigrant 

population 

 Indigenous 

population 

 Visible 

minority 

 

N (%) N (%) p-value N (%) p-value N (%) p-value N (%) p-value 

Access to a regular healthcare 

provider 

        

Yes 

No 
 
28 (2.7) 

) 
0.01 

 
Education level 

Less than secondary school 
graduation 

Secondary school graduation 661 (16.8) 552 (13.3) 
0.0003 88 (10.4) 0.0009 10 (5.1) 0.18 35 (8.2) 0.001 

Post-secondary certificate/diploma 
/ 

2941 (74.7) 2282 (79.8) 599 (83.5) 
 

69 (64.8) 
 

302 (85.2) 
 

Household income 

less than $20000 CAD 
 

272 (6.9) 
 

223 (3.45) 
 

40 (2.5) 

 

 
21 (7.24) 

 

 
22 (2.4) 

 

0.12 
36 (27.8) 

0.009 
99 (20.0) 

54 (62.8) 246 (77.4) 

0.41 

 

 

446 (75.9) 

No 1624 (41.6) 1290 (27.0) 0.44 297 (23.8) 
 
0.06 

59 (69.0) 
0.39 

212 (72.8) 
0.45 

56 (30.7) 157 (26.9) 

222 (95.8) 

3701 (3.8) 

2906 (95.6) 

187 (4.2) 

719 (97.3) 
0.07 0.01 

103 (96.0) 

13 (4.0) 
0.86 

361 (97.9 

9 (2.1) 

 
90 (2.3) 

 
63 (1.2) 

 
22 (2.3) 

 
9 (2.7) 

 
16 (2.9) 

 

$20000 - $59999 1075 (28.8) 803 (19.0) 0.009 211 (21.3) 

more than $60000 2511 (63.8) 1998 (76.7) 477 (75.72) 

Marriage 

Yes 

 

 
2292 (58.2) 

 

 
1791 (72.7) 

 

 



 

 

Table 4: Socioeconomic characteristics and health status of women aged 50364 stratified by Canadian-born, immigrant, Indigenous, and visible minority groups. 

 
 

General population 
Canadian-born 

population 

 Immigrant 

population 

 Indigenous 

population 

 Visible 

minority 

 

 N (%) N (%) p-value N (%) p-value N (%) p-value N (%) p-value 

Perceived health          

Poor 199 (3.9) 159 (3.5)  33 (4.4)  14 (3.39)  15 (4.5)  

Fair 462 (9.7) 368 (10.5)  74 (7.9)  24 (18.0)  38 (7.0)  

Good 1127 (29.0) 851 (25.3) 0.0001 248 (36.6) 0.0001 34 (26.3) 0.02 126 (34.3) 0.001 

Very good 1352 (36.7) 1084 (38.5)  241 (32.3)  29 (25.9)  120 (36.1)  

Excellent 792 (20.7) 632 (22.1)  149 (18.8)  15 (26.4)  70 (18.0)  

Chronic condition 
         

Yes 2011 (49.0) 1653 (52.7)  392 (38.0) 
0.001 

70 (59.6) 
0.004 

146 (33.8) 
0.001 

No 1700 (47.4) 1273 (44.0) 0.0001 304 (58.6) 31 (31.9) 208 (61.7) 

Smoking status 
         

Yes 607 (12.6) 541 (16.1)  51 (5.0) 
0.001 

29 (13.9) 
0.51 

12 (3.9) 
0.001 

No 3194 (85.7) 2444 (70.3) 0.0001 667 (94.1) 70 (79.6) 351 (95.1) 

Working status 
         

Yes 2640 2055 (70.3)  532 (73.9) 
0.001 

69 (68.0) 
0.28 

259 (74.8) 
0.001 

No 1259 (27.4) 1021 (29.2) 0.01 201 (24.3) 47 (32.0) 103 (23.1) 

Unmet needs health 
         

Yes 228 (5.4) 186 (5.3) 0.12 39 (5.9)  12 (13.3)  20 (6.7)  
 

0.40 0.005 0.09 
No 3683 (93.9) 2908 (94.6)  706 (93.9) 102 (86.4) 350 (93.3) 

*Note: The general population was used as the reference category; N (number) was presented as unweighted, and % (percentage) was presented as weighted. Missing responses: Access to a 

regular healthcare provider (14), Education level (245), Household income (97), Marriage (21), Perceived health (5), Chronic condition (226), Smoking status (136), Working status (94), Unmet 

healthcare needs (26). Percentages exclude missing values unless stated otherwise. 



 

 

The results presented in Table 5 show the bivariate associations between 

socioeconomic factors and BC screening status across the populations of interest. Chronic 

conditions were significantly associated with BC screening among visible minorities (p = 

0.01). Access to a regular healthcare provider was strongly associated with screening in 

Canadian-born populations (p < 0.001). Education level was significantly associated with 

screening uptake in the immigrant population (p = 0.0002). Marital status was significantly 

associated with BC screening in Canadian-born populations (p = 0.01). Perceived health was 

a predictor of screening participation among Canadian-born (p = 0.02), immigrant (p = 

0.037), and visible minority populations (p < 0.0001). Household income was significantly 

associated with screening among visible minorities (p = 0.013). Smoking status emerged as a 

significant factor across Canadian-born (p = 0.0007), immigrant (p < 0.0001), Indigenous (p 

< 0.0001), and visible minority populations (p < 0.0001). Working status was significantly 

associated with screening participation in immigrant (p < 0.0001) and Indigenous populations 

(p < 0.0001). Unmet healthcare needs significantly influenced screening among immigrant (p 

= 0.0003) and visible minority populations (p < 0.0001 



 

 

Table 5: Bivariate associations between socioeconomic determinants and mammography screening status among women aged 50364, stratified by Canadian-born, immigrant, 

Indigenous, and visible minority groups. 

Canadian-born 

population 
Immigrant population Indigenous population Visible minorities 

 
Up to 

date with 
BCs (%) 

Not up to 
date with 
BCs (%) 

 
p-value 

Up to date 
with BCs (%) 

Not up to 
date with 
BCs (%) 

 
p-value 

Up to 
date with 
BCs (%) 

Not up to 
date with 
BCs (%) 

 
p-value 

Up to 
date with 
BCs (%) 

Not up to 
date with 
BCs (%) 

 
p-value 

 
Chronic 

conditions 

 
Yes 

 
74.5 

 
25.5 

 

 
0.11 

 
75.8 

 
24.2 

 

 
0.09 

 
80.7 

 
19.2 

 

 
0.01 

 
80.4 

 
19.6 

 

 
0.22 

 No 74.5 25.5  79.9 20.1  53.5 46.5  76.4 23.6  

Access to 

a regular 

healthcare 

provider 

 

 
Yes 

 

 
76.9 

 

 
23.1 

 

 
<0.001 

 

 
78.6 

 

 
21.4 

 

 
0.51 

 

 
72.3 

 

 
27.7 

 

 
0.17 

 

 
78.8 

 

 
21.2 

 

 
0.82 

 No 51.3 48.7  83.9 16.1  37 63  75.7 24.3  

 
Education 

level 

 
Less than 
secondary school 
graduation 

 

 
58.5 

 

 
41.5 

  

 
93.3 

 

 
6.7 

  

 
81.4 

 

 
18.5 

  

 
100 

 

 
0 

 

 
Secondary school 
graduation 

 
77.5 

 
22.5 

 
0.1 

 
65.6 

 
34.4 

 
0.0002 

 
63.5 

 
36.5 

 
0.85 

 
79.8 

 
20.2 

 
0.06 

 

Post-secondary 
certificate/diploma 

 
76.6 

 
23.4 

 
 

80.5 
 

19.5 

 
 

74.6 
 

25.4 

 
 

78.4 
 

21.6 

 

 
Marital 

status 

 
Yes 

 
77.4 

 
22.6 

 

 
0.01 

 
78.7 

 
21.3 

 

 
0.99 

 
74.1 

 
25.9 

 

 
0.33 

 
77.5 

 
22.5 

 

 
0.21 

 No 72.3 27.7  78.6 23.4  63.3 36.7  81.9 18.1  



 

 

Table 5: Bivariate associations between socioeconomic determinants and mammography screening status among women aged 50364, stratified by Canadian-born, 

immigrant, Indigenous, and visible minority groups. 
 

Canadian born population Immigrant population Indigenous population Visible minorities 

Up to Not up Up to Not up Up to Not up Up to Not up 
 date 

with 

to date 
p-value 

with 
date 
with 

to date 
p-value 

with 
date 
with 

to date 
p-value 

with 
date 
with 

to date 
p-value 

with 
BCs (%) BCs (%) BCs (%) BCs (%) BCs (%) BCs (%) BCs (%) BCs (%) 

Self- 

perceived 

Poor  
62.2 

 
37.8 

 
86.9 

 
13.1 

 
47.1 

 
52.9 

 
91.4 

 
8.6 

health          

 
 
 
 
 

 

Household 

income 

 

 

 

Smoking 

 

 

0.49 
 
 

 
<.0001 

 

 
<.0001 

 

 

needs of 

health 

Yes 77.9 22 
0.62 

62.1 37.9 
0.0003 0.37 

54.7 45.3 
<.0001 

No 75.9 24 79.8 20.2 69.2 30.8 80.8 19.2 

Note: BCs: breast cancer screening. Proportions (%) represent the percentage of individuals within each category (up-to-date or not up-to-date with breast cancer screening) for the respective 

variables and population 

Fair 71.7 28.3 0.02 81.5 18.5 0.037 76.7 23.3 0.92 92.8 7.1 <.0001 

Good 77.9 22.1  77.3 22.7  71.1 28.9  76.6 23.4  

Very good 76.5 23.5  82 18  72.4 27.6  84.6 15.4  

Excelent 77.1 22.8  72.8 27.2  67 33  64.8 35.2  

less than $20000 CAD 71.5 28.5 
 

71.8 28.2 
 

48.6 51.4 
 

80.8 19.2 
 

 
$20000 - $59999 77.3 22.7 

0.57 
72.4 27.6 

0.013 
95.4 4.6 

0.01 
75 25 

more than $60000 76.2 23.8 80.6 19.4 62.5 37.5 79.6 20.4 

 

Yes 68.3 31.7 
0.0007 56.6 43.4 

<.0001 
64.6 35.4 

0.66 
27.6 72.4 

Working Yes 

No 

76.2 

75.5 

23.8 
0.73 

24.5 

75.4 

87.9 

24.6 
<.0001 

12.1 

68.3 

76.2 

31.7 

23.8 
0.47 

74.6 

91.2 

25.4 

8.8 

Unmet 
     

83.2 16.8 
  

 



 

 

Tables 6a and 6b present crude and adjusted OR for each population of interest. Based 

on the preliminary analysis findings, logistic regression models were constructed. Due to the 

small sample sizes for the Indigenous population and visible minorities, only variables with 

the strongest associations or those deemed most relevant based on prior research were 

included in the model to maintain statistical power. Multicollinearity among independent 

variables was assessed using the Variance Inflation Factor (VIF). All VIF values were below 

the commonly accepted threshold of 5, indicating no significant multicollinearity issues 

Across all population groups, some factors consistently influenced BC screening 

participation, while others varied significantly. Among Canadian-born women, having a 

regular healthcare provider had a strong positive association (adjusted OR = 3.26, 95% CI: 

2.0035.31, p < 0.0001). Similarly, being married (adjusted OR = 1.36, 95% CI: 1.0431.78, p 

= 0.02) and better self-perceived health (e.g., <excellent= health: adjusted OR = 2.6, 95% CI: 

1.4334.72, p = 0.002) were positively linked to screening uptake in this group. Smoking was 

associated with lower BC screening participation (adjusted OR = 0.61, 95% CI: 0.4630.82, p 

= 0.001). Among the immigrant population, chronic conditions significantly reduced 

screening participation (adjusted OR = 0.55, 95% CI: 0.3330.93, p = 0.03), while education 

and income showed non-significant positive trends (e.g., income > $60,000: adjusted OR = 

1.95, 95% CI: 0.4338.74, p = 0.39). Smoking also showed a negative effect on BC screening 

uptake (adjusted OR = 0.64, 95% CI: 0.2831.47, p = 0.3), though it was not statistically 

significant. For Indigenous women, chronic conditions were positively associated with 

screening (adjusted OR = 3.68, 95% CI: 1.13311.97, p = 0.03), and access to a regular 

healthcare provider showed a positive, though non-significant, trend (adjusted OR = 4.23, 

95% CI: 0.20388.65, p = 0.35). Smoking did not significantly affect BC screening 

participation in this group (adjusted OR = 1.12, 95% CI: 0.1538.65, p = 0.91).Among visible 

minorities, smoking (adjusted OR = 0.09, 95% CI: 0.0230.38, p = 0.01) and unmet healthcare 



 

 

needs (adjusted OR = 0.25, 95% CI: 0.1230.55, p = 0.01) were significant barriers to being 

up to date with BC screening. Unexpectedly, better-perceived health in this group was 

associated with reduced odds of screening uptake (e.g., <excellent= health: adjusted OR = 

0.15, 95% CI: 0.0231.06, p = 0.02) 



Table 6a: Crude and adjusted odds ratios (OR) for having mammography within the past 2 years among women aged 50364, with key socioeconomic determinants, 

stratified by Canadian-born and immigrant populations 

 

 

 

Canadian-born population     Immigrant population   

 
Crude OR 95% CI p-value 

Adjusted 
OR 

95% CI p-value Crude OR 95% CI p-value 
Adjusted 

OR 
95% CI p-value 

Access to a 

regular 

healthcare 

provider 

            

Yes 3.176 (2.01, 5.03) <0.0001 3.26 (2.00, 5.31) <0.0001 0.704 (0.24; 2.03) 0.516 0.34 (0.06, 1.97) 0.23 

No ref            

Education 

level 

            

Secondary 
school 
graduation 

 
2.43 

 
(1.03, 5.75) 

 
0.04 

 
1.87 

 
(0.72, 4.84) 

 
0.2 

 
0.13 

(0.029; 
0.65) 

 
0.012 

 
0.32 

 
(0.04, 2.24) 

 
0.15 

Post- 
secondary 
education 

 
2.32 

 
(1.02, 5.27) 

 
0.04 

 
1.57 

 
(0.62, 3.93) 

 
0.34 

 
0.29 

 
(0.06; 1.36) 

 
1.36 

 
1.62 

(0.22, 
11.76) 

 
0.89 

Less than 
secondary 
school 
graduation 

 
ref 

           

Income 

level 

            

$20,000- 
$59,999 

1.35 (0.76, 2.41) 0.29 1.16 (0.60, 2.24) 0.66 1.03 (0.44; 2.40) 0.94 1.04 (0.21, 4.72) 0.9 

>$60,000 1.27 (0.74, 2.17) 0.38 0.86 (0.45, 1.65) 0.65 1.63 (0.72; 3.68) 0.24 1.95 (0.43, 8.74) 0.39 

<$20,000 ref            

Marriage 

status 

            

Yes 1.31 (1.05, 1.63) 0.01 1.36 (1.04, 1.78) 0.02 1.01 (0.72; 1.38) 0.99 0.96 (0.48, 1.89) 0.91 

No ref            



Table 6a: Crude and adjusted odds ratios (OR) for having mammography within the past 2 years among women aged 50364, with key socioeconomic determinants, 

stratified by Canadian-born and immigrant populations 

 

 

 

Canadian-born population     Immigrant population   

 
Crude OR 95% CI p-value 

Adjusted 
OR 

95% CI p-value Crude OR 95% CI p-value 
Adjusted 

OR 
95% CI p-value 

Perceived 

health 

            

Fair 1.54 (0.88; 2.68) 0.12 1.9 (1.02, 3.53) 0.04 0.66 (0.26; 1.69) 0.396 0.52 (0.10, 2.63) 0.07 

Good 2.13 (1.28; 3.56) 0.003 2.6 (1.48, 4.59) <0.0001 0.51 (0.22; 1.15) 0.106 0.13 (0.06, 1.09) 0.18 

Very good 1.97 (1.20, 3.24) 0.007 2.3 (1.30, 4.02) 0.003 0.69 (0.30; 1.57) 0.378 0.31 (0.07, 1.38) 0.12 

Excellent 2.04 (1.23, 3.42) 0.006 2.6 (1.43, 4.72) 0.002 0.4 (0.17; 0.93) 0.033 0.34 (0.07, 1.64) 0.18 

Poor ref            

Chronic 

condition 

            

Yes 1.17 (0.96, 1.43) 0.11 1.21 (0.96, 1.53) 0.1 0.78 (0.59; 1.04) 0.1 0.55 (0.33, 0.93) 0.03 

No ref            

Smoking 

status 

            

Yes 0.63 (0.48, 0.82) 0.0007 0.61 (0.46, 0.82) 0.001 0.32 (0.18; 0.55) <0.001 0.64 (0.28, 1.47) 0.3 

No ref            

Working 

status 

            

Yes 1.04 (0.83; 1.28) 0.73 1.04 (0.83, 1.28) 0.73 0.42 (0.28; 0.62) <0.001 0.54 (0.27, 1.06) 0.08 

No ref            

Unmet 

healthcare 

needs 

            

Yes 1.12 (0.70, 1.78) 0.63 1.22 (0.73, 2.02) 0.45 0.41 (0.25; 0.67) <0.001 0.76 (0.22, 2.57) 0.66 

No ref            



Table 6b: Crude and adjusted odds ratios (OR) for having mammography within the past 2 years among women aged 50364, with key socioeconomic determinants, 

stratified by Canadian-born and Indigenous populations 

 

 

 

Indigenous population     Visible minorities   

 
Crude OR 95% CI p-value 

Adjusted 
OR 

95% CI p-value Crude OR 95% CI p-value 
Adjusted 

OR 
95% CI p-value 

Access to a 

regular 

healthcare 

provider 

            

Yes 4.44 
(0.43; 
45.57) 

0.2 4.23 
(0.20, 
88.65) 

0.35 1.195 (0.23; 6.07) 0.8 1.41 (0.25, 7.84) 0.07 

No ref            

Education 

level 

            

Secondary 
school 
graduation 

 
0.39 

(0.01; 
19.54) 

 
0.64 

         

Post- 
secondary 
education 

 
0.66 

(0.02; 
20.43) 

 
0.81 

         

Less than 
secondary 
school 
graduation 

 
ref 

           

Income 

level 

            

$20,000- 
$59,999 

22.1 
(1.57; 

377.74) 
0.02 

   
0.71 (0.19; 2.54) 0.6 2.94 

(0.64, 
13.45) 

0.16 

>$60,000 1.76 
(0.29; 
10.41) 

0.53 
   

0.92 (0.27; 3.16) 0.9 4.25 
(0.96, 
18.89) 

0.06 

<$20,000 ref            

Marriage 

status 

            

Yes 0.61 (0.21; 1.70) 0.34    0.76 (0.49; 1.16) 0.21 0.58 (0.34, 0.98) 0.04 

No ref            



Table 6b: Crude and adjusted odds ratios (OR) for having mammography within the past 2 years among women aged 50364, with key socioeconomic determinants, stratified 

by Canadian-born and Indigenous populations 

 

 

 

Indigenous population     Visible minorities   

 
Crude OR 95% CI p-value 

Adjusted 
OR 

95% CI p-value Crude OR 95% CI p-value 
Adjusted 

OR 
95% CI p-value 

Perceived 

health 

            

Fair 3.7 
(0.15; 
87.42) 

0.41 
   

1.22 (0.24; 5.97) 0.806 0.79 (0.09, 7.39) 0.39 

Good 2.77 (1.26;61.01) 0.51 
   

0.31 
(0.09; 
1.026) 

0.055 0.24 (0.04, 1.70) 0.12 

Very good 2.94 
(0.13; 
64.21) 

0.49 
   

0.51 (0.15; 1.78) 0.289 0.45 (0.06, 3.24) 0.12 

Excellent 2.28 
(0.10; 
49.31) 

0.59 
   

0.17 (0.05; 0.58) 0.004 0.15 (0.02, 1.06) 0.02 

Poor ref            

Chronic 

condition 

            

Yes 3.64 
(1.27; 
10.46) 

0.01 3.68 
(1.13, 
11.97) 

0.03 1.29 (0.87; 1.85) 0.22 1.31 (0.80, 2.13) 0.21 

No ref            

Smoking 

status 

            

Yes 0.73 (0.18; 2.96) 0.66 1.12 (0.15, 8.65) 0.91 0.28 (0.16; 0.50) <0.001 0.09 (0.02, 0.38) 0.01 

No ref            

Working 

status 

            

Yes 0.67 (0.23; 1,99) 0.47    0.092 (0.03; 0.27) <0.001 0.28 (0.14, 0.58) 0.02 

No ref            

Unmet 

healthcare 

needs 

            

Yes 2.2 
(0.37; 
12.90) 

0.38 15.4 
(0.11, 

>999.9) 
0.28 0.28 (0.16; 0.50) <0.001 0.25 (0.12, 0.55) 0.01 

No ref            

* Adjusted odds ratios (ORs) were calculated for the following covariates: access to a regular healthcare provider, income, marital status, perceived health, chronic conditions, smoking status, 

working status, and unmet healthcare needs. For Aboriginal and visible minorities, models excluded certain variables (e.g., education for visible minorities; education, income, marital status, 

perceived health, and working status for Aboriginals) due to sample size constraints. 



 

 

2.4 Discussion 

 

In this study, we aimed to assess the influence of socioeconomic factors linked to 

regular access to BC screening services in Ontario. The study focused on four population 

subgroups: Canadian-born, immigrant, Indigenous, and visible minority, with the aim of 

identifying associations between socioeconomic factors and regular access to BC screening 

services and participation across these groups. 

Our findings revealed differences in socioeconomic factors influencing BC screening 

participation across the four above-mentioned populations and geographic regions. Screening 

rates were similar across the population investigated, with immigrant women exhibiting the 

highest rates of being up-to-date with BC screening (70.6%), while Indigenous women had 

the lowest rates (67.0%). Geographically, urban areas such as Durham (80.5%) and Brant 

County (78.8%) demonstrated higher screening participation than rural regions like Lambton 

(47%). These data suggest that geographic location might play a prominent role in 

influencing regular access to BC screening compared to other factors, such as cultural or 

ethnic considerations. However, further investigation would be needed to confirm this. 

Furthermore, our analysis revealed differences in the socioeconomic factors 

influencing BC screening among the above-mentioned population. Among Canadian-born 

women, access to regular healthcare providers, marital status and perceived health were 

positively associated with BC screening participation; meanwhile, smoking was found to be a 

significant barrier. Immigrant women with post-secondary education and higher income 

showed higher odds of being up to date with BC screening. Interestingly, access to a regular 

healthcare provider negatively affected screening participation. In the Indigenous 

populations, chronic conditions were found to be a strong correlate of regular involvement in 

BC screening. Moreover, access to a regular healthcare provider demonstrated a positive 



 

 

association with BC screening participation. Notably, among visible minorities, smoking, 

unmet healthcare needs and working status were negatively associated with regular BC 

screening participation as well as better perceived health. 

Data on BC screening uptake in Ontario align with those found in literature and policy 

reports, with the Ontario Cancer Screening Performance Report reporting rates between 61% 

and 68% between 2000 and 2018 (Cancer Care Ontario, 2020). Our study demonstrates 

regular access to BC screening, with 69.1% of the general population screened regularly. 

Interestingly, this study found high screening rates among immigrant women. An explanation 

for this can be found in the healthy immigrant bias, which suggests that economic immigrants 

tend to arrive in better health and might adopt healthier behaviours more easily compared to 

the Canadian-born population (Brabete, 2017). This phenomenon is mainly attributed to 

selective immigration policies and self-selection, where individuals who migrate are typically 

healthier and more resourceful (McDonald & Kennedy, 2004). However, the healthy 

immigrant effect tends to diminish with longer residency in the host country, often due to 

exposure to socioeconomic challenges and acculturation. In some cases, the decline in health 

advantages among immigrants results in their health status aligning with that of the 

Canadian-born population. In other situations, the health of immigrants deteriorates beyond 

that of the Canadian-born population (overshoot) (Vang et al., 2015). 

Geographical differences in BC screening reported in this analysis also align with the 

literature, with a study carried out in Canada highlighting those individuals living in smaller 

urban areas or rural regions had lower odds of not participating in BC screening compared to 

those living in larger metropolitan areas (Gold et al., 2023). This trend was consistent in other 

HICs in which screening rates were decreased in rural residents compared to urban residents 

(Walji et al., 2021). 



 

 

The influence of socioeconomic factors on BC screening participation varied 

significantly across the populations under study. For Canadian-born women, having access to 

a regular healthcare provider was a critical factor in the regular uptake of BC screening, 

consistent with other studies highlighting the importance of primary healthcare access in 

facilitating cancer preventive care utilization (Emery et al., 2013). In particular, the survey 

carried out by Prowse et al. (2024) highlighted that regular contact with healthcare providers 

increases access to screening services, encouraging adherence to preventive care 

recommendations. In addition to healthcare access, marital status was positively associated 

with regular participation in BC screening in Canadian-born women. These results align with 

the literature, demonstrating that marriage may be a proxy for social support, enhancing 

health-seeking behaviours and increasing access to preventive care (Hanske et al., 2016). 

Better perceived health was also positively associated with regular BC screening, possibly 

reflecting an increased awareness. Conversely, smoking was found to be a significant barrier 

to regular BC screening in Canadian-born women, consistent with data showing reduced 

engagement in preventative health behaviours compared to never smoking (Sanford et al., 

2019). 

Higher income levels and higher educational attainment were positively associated 

with regular BC screening participation in the immigrant population. These findings align 

with existing literature highlighting the role of income and education level in accessing 

cancer prevention screening, particularly among immigrants (Ferdous et al., 2019). However, 

access to regular healthcare providers appears to have a negative, though insignificant, 

association with BC screening participation in this group. Interestingly, this result does not 

align with the literature, which shows that regular access to healthcare providers is linked to 

increased access to cancer prevention programs (Prowse et al., 2024). 



 

 

Among Indigenous women, when adjuster for other variables, chronic conditions 

were found to be a significant correlate of BC screening participation, possibly suggesting 

that individuals diagnosed with a chronic illness might be more engaged and knowledgeable 

about the healthcare system compared with Indigenous women without chronic illness, 

facilitating preventive screening uptake. Tarasenko et al. (2013) highlighted that individuals 

managing chronic conditions often have more significant contact with healthcare providers, 

which may increase opportunities for preventive care recommendations. While access to a 

regular healthcare provider showed a positive trend, this association was not statistically 

significant, possibly reflecting the Indigenous population's systemic barriers, including 

geographic barriers and mistrust of healthcare services (Durand-Moreau et al., 2022). These 

barriers, combined with the limited availability of culturally appropriate healthcare services, 

may contribute to the lower screening rates observed among Indigenous women. 

Additionally, this result could be attributed to the small sample size, which may limit the 

statistical power to detect significant associations. 

Visible minorities showed distinct barriers to regular BC screening participation. 

Smoking, unmet healthcare needs, and working status were negatively associated with 

regular BC screening participation. These findings highlight the structural inequities and 

priorities that affect this group. Moreover, the negative association between better-perceived 

health and screening participation differs from the trends observed in other populations. This 

finding may reflect cultural beliefs or systemic factors that discourage preventive care, even 

among those who perceive themselves as healthy. Similar trends have been reported in 

studies on healthcare mistrust and stigma among minority populations (Kasper et al., 2024). 

Similarly, this result could be attributed to the small sample size, which limits the statistical 

power to detect significant associations. 



 

 

This study highlights the role of socioeconomic factors in BC screening within 

different subgroups. The results emphasize that each population experiences unique barriers 

and facilitators. For instance, access to a regular healthcare provider was a critical BC 

screening facilitator for Canadian-born and Indigenous women. However, this factor showed 

weaker or negative associations among immigrant and visible minority women. 

This study highlights the importance of addressing socioeconomic, structural, and 

systemic barriers to ensure equitable access to breast cancer screening services across diverse 

populations in Ontario. Culturally and linguistically tailored outreach programs, community 

engagement, and digital tools could improve participation for visible minority populations. 

Indigenous women, facing unique challenges like geographic isolation and systemic barriers, 

may benefit from mobile screening units, telehealth services, and the involvement of 

Indigenous healthcare workers to enhance trust and accessibility. Workplace policies 

supporting preventive health, such as paid leave for medical appointments, are crucial for 

immigrant and visible minority women. Collaborative approaches involving target 

communities in designing interventions are essential to ensure strategies effectively address 

their needs and preferences, ultimately supporting increased screening uptake and reducing 

inequities (Richardson-Parry et al., 2023; Ahmed & Shahid, 2012). 

Strengths and limitations 

 

Several strengths can be found in this study. Firstly, this study presents the analysis 

subdivided across different populations, allowing the investigation of specific barriers and 

facilitators for each population. Another strength is using the CCHS as a dataset to 

investigate regular BC screening uptake, as it ensures a robust sample size and population 

level representativeness. Moreover, the analysis includes different socioeconomic variables, 

such as education, income, perceived health, smoking status and access to healthcare. The 



 

 

analysis also uses stratified multivariable models, allowing the identification of barriers and 

facilitators in each population investigated. 

As for limitations, this study uses a cross-sectional dataset, which can limit the ability 

to infer causality about the relationship between socioeconomic factors and BC screening 

uptake. Additionally, the CCHS excluded individuals living on reserves, in remote regions, 

and other institutionalized populations, which may have led to the underrepresentation of 

some Indigenous and marginalized groups. While the age range for BC screening is typically 

50 to 74 years, this analysis was limited to women aged 50 to 69 because of the design of the 

CCHS questionnaire, which only included relevant questions for this age group. Furthermore, 

the small sample size for Indigenous women (116 respondents) limits the statistical power of 

the analysis and may affect the generalizability of the findings for this population subgroup. 

A limitation of this study is the treatment of groups, Canadian-born, immigrants, First 

Nations, and visible minorities, as stratified and mutually exclusive despite individuals 

potentially belonging to multiple categories. This simplification may overlook the 

compounded effects of overlapping identities. However, this approach was necessary to focus 

on the barriers and facilitators experienced by each group, allowing for the analysis and 

targeted recommendations. While this limits the exploration of intersectional dynamics, it 

provides insights within the constraints of the available dataset. 

Conclusions 

 

In conclusion, this study highlights the influence of covariation between 

socioeconomic factors on BC screening participation in Ontario, demonstrating that these 

factors vary among Canadian-born, immigrant, Indigenous, and visible minority women. By 

identifying population-specific barriers and facilitators, this study underscores the importance 



of tailored public health strategies to address disparities in screening uptake and improve 
 

 

 
equity in cancer prevention. 



Conclusion: The role of socioeconomic determinants in health outcomes 
 

 

 
This thesis has explored the impact of SDH on two distinct areas: healthy aging in 

Italy and disparities in breast cancer screening participation in Canada. While these topics 

may appear different, they share a common topic: the recognition that health outcomes are 

shaped not only by biological factors but also by the broader social, economic, and structural 

conditions in which individuals live. 

The Novara Cohort Study (NCS) and its pilot study illustrate how socioeconomic 

status, education, and lifestyle factors can influence aging trajectories and highlight the need 

to investigate these factors. The study underscores the importance of integrating social and 

economic variables into aging studies, acknowledging that the accumulation of disadvantages 

over a lifetime contributes to disparities in health and well-being in later years. 

Similarly, the analysis of breast cancer screening participation in Ontario highlights 

how SDH create barriers to preventive healthcare, particularly for Indigenous and immigrant 

populations. The study demonstrates that healthcare access, income, education, and structural 

inequities significantly affect participation in screening programs, leading to disparities in 

early detection and cancer outcomes. These findings reinforce the notion that health is not 

just an individual attribute but a product of systemic factors that influence healthcare access 

and utilization. 

Together, these studies contribute to the growing evidence that health disparities are 

deeply rooted in social structures. Addressing these inequities requires a shift from 

individualized approaches to more comprehensive public health strategies that recognize and 

mitigate the impact of social determinants. Policies to reduce health disparities must go 

beyond healthcare provision alone, encompassing broader social policies that address 

economic inequality, education, housing, and community infrastructure. 



 

 

The insights gained from this research highlight the critical need to integrate SDH 

into public health initiatives, epidemiological research, and health policy planning. Whether 

in the context of aging or cancer prevention, achieving health equity necessitates an approach 

that ensures all individuals, regardless of their socioeconomic background, can live healthier 

lives. By recognizing the interplay between social, economic, and health factors, we can 

move towards a more inclusive and equitable healthcare system, prioritizing prevention, 

accessibility, and long-term well-being for all.
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More than half of the participants (65%) declared to have heard the term <biobank= before 

    

    

 

 

 

    

 

 

 

 

    

    –
    

    

 

 

 

    

    –
 

 

 

 



 

 

   

   

 

Participants demonstrated a high level of agreement with the sentence <research biobanks activities are important for the progress of biomedical research= (median = 9, –
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Noncommunicable diseases (NCDs) are the leading global cause of death. The Ital- 

ian National Prevention Plan (INPP) highlights the importance of health promo- 

tion and NCD prevention while avoiding health inequalities. In line with the INPP 

guidelines, we initiated a multicomponent community-based intervention program, 

named the Dedalo project, to promote healthy and active aging among population 

living around the Vercelli9s municipality, Italy. A cross-sectional analysis, that used 

the baseline data of a longitudinal study of the project, evaluated the program9s abil- 

ity to enroll participants participants who represent the socioeconomic conditions 

present in the municipality. To this end, we compared the main social characteris- 

tics and behaviors of 40374-year-old subjects (n = 155), who had attended at least 

one Dedalo activity, to those of same age individuals (n = 124) randomly extracted 

from the general population. We found that most participants were women (81.3%) 

and had a higher SES compared to the general population. Furthermore, they were 

healthier4OR 0.52, 95% CI 0.3130.87 for self-reported diseases4and displayed 

healthier behaviors4OR 0.20, 95% CI 0.0830.46 for smokers; 0.32 95%, CI 0.163 

0.64 for fruit/vegetable consumers; and 0.36 95% CI 0.2030.64 for sweet beverages 

consumers. Overall, our initial evaluation indicates that the Dedalo project has so 

far struggled to enroll individuals with low SES, men with any SES, and subjects 

displaying unhealthy behaviors, thereby failing to meet the INPP goal of preventing 

NCDs while avoiding health disparities. Thus, efforts should be made to ensure that 

this community-based intervention program can effectively reach all the target popu- 

lation, in particular those individuals most exposed to behavioral risk factors. 

 

Healthy aging · Socioeconomic differences · Noncommunicable 

diseases ·  Community ·  Prevention ·  Health inequalities 
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Noncommunicable diseases (NCDs) are defined by the World Health Organiza- 

tion (WHO) as "health problems that require continuous treatment over a period 

of time from years to decades" due to a combination of genetic, physiological, 

environmental, and behavioral factors (Gakidou et al., 2017). Currently, NCDs 

are the leading global cause of death (Skolnik, 2018), causing more deaths than 

all other causes combined, with over 77% of all NCD deaths occurring in low- 

and middle-income countries (WHO, 2011). 

Among the six WHO regions, Europe is the most affected by NCDs, and 

the impact of the major NCDs4i.e., diabetes, cardiovascular diseases, cancer, 

chronic respiratory diseases, and mental disorders4is increasing at an alarming 

rate, accounting for an estimated 86% of deaths and 77% of disease burden [eval- 

uated in Disability-Adjusted Life Years4DALY (Benziger et al., 2016)] (Gaki- 

dou et al., 2017). 

In the pre-COVID-19 era, most deaths in Italy were caused by NCDs, with 

ischemic heart diseases, stroke, and Alzheimer occupying the first three posi- 

tions in the ranking of death causes (Vos et al., 2020). In 2019, despite decreasing 

trends, the majority of risk factors were found to be mainly related to unhealthy 

behaviors: tobacco use, alcohol intake, high fasting plasma glucose, high blood 

pressure, overweight, diet (Murray et al., 2020). 

The aging of the Western population is typically accompanied by increased 

NCD burden (Vos et al., 2020). According to the estimates of the Italian National 

Institute of Statistics (Istat), in 2019, 32.3% of the Italian elderly suffered from 

chronic diseases, 6.9% had impaired autonomy in their daily life (care and domes- 

tic tasks), significant enough to require caregivers, and 4.2% of them had demen- 

tia or Alzheimer9s disease (Istat, 2021). As the number of old age people will 

continue to increase for the foreseeable future, reaching an estimated 25% of the 

general population by 2027 (Istat, 2018), the prevalence of old age-associated 

NCDs and their ensuing financial burden is expected to grow exponentially (Istat, 

2018). 

In many high-income countries, such as Italy, NCDs are also a major cause of 

health disparities. The social determinants have in fact been shown to influence 

the distribution of the four main behavioral risk factors (unhealthy diet, physical 

inactivity, tobacco smoking, and excess alcohol consumption) (Marmot & Bell, 

2019). Furthermore, individuals with high socioeconomic status (SES) are more 

likely to join prevention programs against NCDs (WHO, 2010), leading to a fur- 

ther increase in health disparities. In light of this, the Italian National Prevention 

Plan (INPP) advocates the design and implementation of evidence-based health 

promotion and preventive intervention programs capable of reducing health ine- 

qualities (Ministero della Salute4Direzione Generale della Prevenzione Sani- 

taria 2020). 

In this scenario, the Italian PASSI surveillance system has revealed that, 

among individuals residing in the municipality of Vercelli, Italy (47,000 inhabit- 

ants), the 33% of sedentary people, the 45% with a BMI g 25 (overweight/obese), 
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and the 24% who declared to smoke regularly tobacco were in the age class 

50369 years (Epicentro - ISS, 2019a). Thus, in order to counteract a likely rise in 

the prevalence of NCDs, in 2019, the Local Health Authority (LHA) of Vercelli, 

together with University of Piemonte Orientale and the municipality of Vercelli, 

launched the Dedalo project, a community-based intervention program aimed 

to promote healthy and active aging through the development of cognitive and 

relational abilities. It takes place in the community setting involving and coordi- 

nating local agencies and stakeholders that can contribute to offering prevention 

interventions to citizens (ASL VC, 2021). An evaluation study was also putted in 

place in order to evaluate the impact on health of the project. 

As INPP guidelines require that public health intervention for prevention and 

control of NCDs must ensure a concomitant reduction in health disparities, the aim 

of the study is to assess the Dedalo project9s ability to enroll participants whose 
socioeconomic status reflects that of the general population. The implications of our 

findings are discussed in light of future program improvements. 

 

 

Study Design 

 
We cross-sectionally analyzed data of the baseline of a prospective study initiated in 

March 2018 to evaluate the effectiveness of the Dedalo project in promoting healthy 

habits and behaviors among Italians aged 40374 years. 

The protocol of the study is registered at ClinicalTrial.Gov (clinical trial registra- 

tion No. NCT03939754). The ethical approval was obtained from the Ethics Com- 

mittee of Alessandria <Comitato Etico Interaziendale ASO SS. Antonio e Biagio e 

C. Arrigo= (No. AslVC.Med.18.02). 

 
Population, Enrollment, and Inclusion Criteria 

 
All participants in the Dedalo project from March to December 2018, aged 

40374 years, were deemed eligible for this study. The study participants were 

enrolled during a Dedalo activity only after obtaining their written consent. Exclu- 

sion criteria were language other than Italian and the refusal to sign the informed 

consent form before enrollment. The control group was a random sample of indi- 

viduals aged 40374 extracted from the population registry of the municipality of 

Vercelli, stratified by age classes and sex. These subjects were enrolled through 

computer-aided telephone interview (CATI). Subjects who had participated in any 

Dedalo activity were deemed ineligible for the control group. 

The target number of people to be enrolled in the study was 428 (214 for each 

group). This sample size was estimated considering the following data from litera- 

ture: i) a 28343% increase in prevalence of physically active adult population (data 

of Emp-H study4http://www.emp-h-project.eu/); ii) a 33% prevalence of inactive 

adult people living in Vercelli (Epicentro - ISS, 2019a); iii) an expected reduction of 
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sedentary people by 35% after the intervention. The confidence intervals (CIs) and the 

power chosen were 95% and 80%, respectively. However, of the 345 participants in the 

Dedalo activities deemed eligible for the study, only 155 subjects completed the base- 

line interview. Thus, the total number of study participants was 369: 155 for the expo- 

sure group and 214 for the control group. 

 
Intervention 

 
The Dedalo project was implemented thanks to a joint effort of the Vercelli9s LHA, the 

University of Piemonte Orientale (UPO), the municipality of Vercelli, and several other 

local organizations. It aims to promote healthy aging among the people residing in the 

municipality of Vercelli. The project takes place in the community setting developing 

community networks and mobilizing local stakeholders around a supply of <preventive 
opportunities= for the population (by networking building, coordination of actors and 

dissemination / communication of the Dedalo events to the population). To this end, 

the project has created a network of public and private entities, sports and cultural asso- 

ciations, volunteer associations, and other stakeholders to identify those activities that 

would best improve habits related to diet and physical activity in order to mitigate the 

risk of NCDs among the target population. The selected activities meeting the scientific 

standards of effectiveness are then offered to the community (Gottfredson et al., 2015). 

Overall, the project is a multicomponent intervention characterized by social mar- 

keting and community coalition building organized in four paths: <Good diet, good 
health=, <Let9s work out together=, <Surprise and amazement=, and <Discovery of 

the territory=. The <good diet, good health= path, in Italian <Buona alimentazione=, 
is designed to provide information on how to adopt a healthy diet as a way to promote 

healthy aging. This is achieved through the organization of cooking courses, work- 

shops, seminars, and thematic dinners. The "Let9s work out together" path, in Italian 

<Muoversi insieme=, fosters group exercising by making available to the participants 

gym classes, walking groups, and martial art courses. The "Surprise and amazement" 

path (in Italian <Meraviglia e stupore=) aims to promote socialization and cultural 

activity through museum visits, reading experiences, and active theatre and music 

experiences. The interventions envisaged by this path also seek to make healthcare set- 

tings (i.e., hospitals, nursing homes) more human through the introduction of cultural 

experiences (i.e., art exhibitions, conferences). Lastly, through the "Discovery of the 

territory" path (<Scoperta del territorio=), our project aims to promote both active life 

and the discovery of territory by organizing events such as hiking or walking in local 

forests and natural parks. 

The teaching was carried out in the form of meeting and classes. A series of videos 

available on the Dedalo website (https://progettodedalo.net/, www.facebook.com/Proge 

ttoDedaloVercelli/) were also shared with the participants. 
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Questionnaire and Data Collection 

 
The baseline survey of the longitudinal study was carried out from September to 

December 2018 using a standardized structured questionnaire. Data were collected 

by means of the REDCap software (version 9.5.144© 2021 Vanderbilt University). 

The questionnaire investigated the following aspects: (1) socio-demographic data 

(age, gender, education level, nationality, and the length of their stay in Italy, in the 

case of foreign nationalities), (2) perception of economic problems; (3) daily diet 

(fruit and vegetable, sweet drinks, and salt intake); (4) smoking habits and alcohol 

intake (daily drinking and binge drinking); (5) regular practice of physical exer- 

cises4by measuring their intensity levels, duration, and weekly frequency; (6) 

health status (diseases, medication intake and self-monitoring of blood pressure); (7) 

anthropometric parameters (height and weight); (8) satisfaction and wellbeing; (9) 

limitations of daily life due to physical and/or mental conditions; (10) active mobil- 

ity (bicycle and walking); (11) active life at work; (12) attendance to cultural and 

social activities; and (13) knowledge of the Dedalo project and participation in its 

initiatives. The questionnaire (Annex 1) was based on validated questions extracted 

from the data collection tools of two national surveys, PASSI and Passi D9Argento 

(Epicentro - ISS, 2019a, 2019b). 

In order to improve the response rate of the survey, the interviewers made as 

many as five call attempts for each candidate, two of which in the evening (after 

7:00 pm). Only after five unsuccessful attempts or in case of refusal, the candidate 

was substituted. Subjects of the sample that were institutionalized (hospital, retire- 

ment home, prison) were also replaced with same age and gender candidates. The 

informed consent was collected at the beginning of each call. The data were stored 

in compliances with the data confidentiality and in accordance with the Italian leg- 

islation (Legislative Decree 196/2003) and the General Data Protection Regulation 

(EU) 2016/679 (GDPR). 

 

 
Measurements and Outcomes 

 
Outcomes of the evaluation study were smoking and diet (fruit and vegetables, salt, 

and sugar drink intake), physical exercise (frequency and duration of moderate and 

high-level intensity), alcohol intake (daily intake and binge drinking), body mass 

index (BMI), cognitive activity, socialization, and wellbeing. For this cross-sectional 

analysis, the outcome was <participation to Dedalo project= and the above variables 
were studied as behavioral risk or protective factors and psychophysical conditions 

associated with chance to participate in Dedalo. 

The following continuous variables were categorized: i) physical activity 

(< / g 150 min of moderate physical activity/week vs 75 min of intense physical 

activity/week) (WHO, 2020); ii) fruit and vegetable daily intake (< / g 5 portions/ 

die); iii) BMI (< 25 kg/m2; 25330 kg/m2; g 30 kg/m2). Sugar drink consumption was 

measured with a relative frequency scale and analyzed considering two categories: 

never or < 1 glass of sugar drinks per week; and > 1 glass of sugar drinks per day. 
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About smoking and alcohol consumption, the first was classified into non-smoker, 

current smoker (i.e., smoker for more than 6 months before the interview day), and 

former smoker. Alcohol intake was also measured with a scale of relative frequency 

and was investigated with information about daily drinking and binge drinking, with 

this latter personalized by gender. This led to the following classification: no alcohol 

intake; 1 alcohol unit per day; 233 units per day; and 4 or more units per day. 

Two classes encompassing cognitive and socialization activities were established: 

no active attendance in the past month, one or more listed attendance activities. 

Physical or psychological illnesses, days of physical inability, days of psychological 

inabilities were all classified according to the number of days reported: none, from 1 

to 5, > 5 days in the last 30 days. The variable <Life satisfaction=, a single item scale 

with partial semantic autonomy of categories (very little, little, sufficient, highly), 

was classified in two other sub-groups: <medium-highly satisfied= and <poorly or 
not at all satisfied=. 

Age was analyzed as both continuous and categorical variable, considering 5 age 

classes: < 50, 50359, 60369, and g 70 years old. Three classes of education levels 

were defined: middle school or less; high school; and University degree. Satisfaction 

for economic resources was measured with a single item scale with partial semantic 

autonomy of categories, with four categories ranging from <very little difficulty= to 
<high difficulty=. This variable was then analyzed using two categories: presence or 

absence of reported economic difficulties. Finally, two classes of occupation status 

were defined: <worker= and <retired or other=. 
 

 
Statistical Analysis 

 
Descriptive statistics of the whole study population or of the two separate groups 

(people exposed to the Dedalo9s interventions vs people not exposed) were carried 

out. 

The categorical variables were reported as absolute number and percentage; the 

continuous variables were reported as mean, minimum and maximum value, and 

standard deviation (SD). 

To test the differences for the categorical variables between the two groups, the 

Chi2 or Fisher test was performed as appropriate. In order to detect any differences 

between the continuous variables between the two groups, the normal distribution of 

the variables was assessed through the Shapiro3Wilk test; consequently, refusing the 

null hypothesis, the Mann Whitney nonparametric test was performed. The statisti- 

cal significance was established for a p-value f 0.05. 

To test the association between the outcome variable <to be in the exposure 
group= and the studied variables, a univariate regression logistic model was per- 
formed. These analyses were described reporting the p-value, the odds ratio (OR) 

and the confidence interval at 95% (95% CI). Analysis was performed using as refer- 

ence category the best condition for the participant respect to a healthy and active 

ageing (lack of risk factors / presence of protective factors). So, for example we ana- 

lyzed the chance to participate to the Dedalo activities passing from the best condi- 

tions (daily intake of g 5 fruit/vegetable portions) to the worsts (not any daily intake 
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of fruits / vegetables). The multivariate regression logistic analysis was performed in 

order to adjust the association analyses for gender and age-class. 

The statistical analyses were performed using the statistical software Stata MP 

13. 

 

People attending any of the Dedalo activities from March to December 2018 

amounted to 345, of whom 239 provided a valid telephone number where they could 

be reached. Of them, 155 (64.9%) completed the baseline interview and were there- 

fore enrolled in the study. The responders of the control group were 214, who came 

from a larger pool of 856 subjects residing in the municipality of Vercelli randomly 

extracted (Fig. 1). 

 

 

 

Flowchart of the study population showing the selection process of participants in the survey 
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The analyses of the demographic characteristics showed that the two groups 

under study did not present any statistically significant differences in the mean age 

(58.97 ± 8.84 vs. 57.59 ± 10.09 in Dedalo participants and control groups, respec- 

tively; p-value 0.1647). On the other hand, statistically significant differences 

emerged for distributions of the following variables in the two groups: age classes, 

sex, education level, and economic difficulties. Thus, among Dedalo participants 

50369 old-age women with higher educational levels and perceiving lower economic 

difficulties are more represented than in the control group. By contrast, no differ- 

ences were found in occupational status (worker vs retired/other, p-value = 0.45) and 

citizenship (Italy vs. other countries, p-value = 0.48) (Table 1). 

Table 2 shows distribution between the two groups of the behavioral risks. Dif- 

ferences between groups were statistically significant for all variables except for 

BMI. Dedalo participants had self-report higher weekly minutes of moderate physi- 

cal activity (by contrast, control group declared higher weekly minutes of intense 

 

 
Sociodemographic features of study participants about sex, age, education level, economic dif- 

ficulties, and occupational status declared during the interviews 
 

 Dedalo participants (%) Control (%) Total % p-value 

(n = 155) (n = 214) (n = 369)  

Sex 
    

Males 29 (18.7%) 104 (48.6%) 133 (36.3%) < 0.001b 

Females 126 (81.3%) 110 (51.4%) 236 (64.0%)  

Age classes, years     

< 50 27 (17.4%) 58 (27.1%) 85 (23.0%) < 0.001a 

50359 48 (31.0%) 60 (28.0%) 108 (29.3%)  

60369 63 (40.7%) 51 (23.8%) 114 (30.9%)  

g 70 17 (11.0%) 45 (21.0%) 62 (16.8%)  

Education level     

None/ primary or middle school 23 (14.8%) 66 (30.8%) 89 (24.1%) < 0.001a 

High school 82 (52.9%) 116 (54.2%) 198 (53.7%)  

University degree 

Economic difficultiesc 

50 (32.3%) 32 (15.0%) 82 (22.2%)  

Yes 41 (26.6%) 84 (39.2%) 125 (34.0%) 0.012 b 

No 

Occupational statusd 

113 (73.4%) 130 (60.8%) 243 (66.0%)  

Workers 56 (48.7%) 76 (53.9%) 132 (51.6%) 0.451 b 

Retired and other non-workers 59 (51.3%) 65 (46.1%) 124 (48.4%)  

Citizenship     

Italy 152 (98.7%) 208 (97.2%) 360 (97.8%) 0.477 b 

Other countries 2 (1.3%) 6 (2.8%) 8 (2.2%)  

ap-value of Chi-2 test 
bp-value of Fisher9s exact test 
cFor this variable, 1 missing data 
dFor this variable, 113 missing data, 40 and 73 in exposure and unexposure groups, respectively 
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Behavioral risk factors distribution among exposure and unexposure groups 

Risk factors Dedalo participants 
(%) (n = 155) 

Controls (%) (n = 214) Total (%) 
(n = 369) 

p-value 

BMI 

< 25 
 

92 (59.4%) 
 

106 (49.5%) 
 

198 (53.7%) 
 

0.157a 

25 3 29 47 (30.3%) 77 (36.0%) 124 (33.6%)  

g 30 16 (10.3%) 31 (14.5%) 47 (12.7%)  

Fruit/vegetable portions 

g 5 33 (21.3%) 17 (7.9%) 50 (13.5%) < 0.001b 

< 5 

Smoke 

Never 

122 (78.7%) 

 
101 (65.6%) 

197 (92.1%) 

 
99 (46.2%) 

319 (86.5%) 

 
200 (54.4%) 

 

 
< 0.001a 

Ex-smoker 45 (29.2%) 59 (27.6%) 104 (28.3%)  

Current smoker 8 (5.2%) 56 (26.2%) 64 (17.4%)  

Minutes/week of moderate physical activity 

g 150 59 (40.0%) 62 (25.6%) 121 (32.8%) 0.014b 

< 150 155 (60.0%) 93 (72.4%) 248 (67.2%)  

Minutes/week of intense physical activity 

g 75 14 (9.0%) 35 (16.4%) 49 (13.3%) 0.044b 

< 75 

Salt intake attention 

Yes 

141 (91.0%) 

 
129 (83.2%) 

179 (83.6%) 

 
155 (72.4%) 

320 (86.7%) 

 
284 (77.0%) 

 

 
0.017b 

No 26 (16.8%) 59 (27.6%) 85 (23.0%)  

Consumption of sugar drinks, glasses/week 

Never 133 (85.8%) 137 (64.0%) 270 (73.2%) < 0.001b 

1 or more 22 (14.2%) 77 (36.0%) 99 (26.8%)  

One or more cognitive/socialization activities in the last 30 days 

Yes 149 (96.1%) 189 (88.3%) 338 (91.6%) 0.007b 

No 6 (3.9%) 25 (11.7%) 31 (8.4%)  

Alcohol intake, glasses/day 

Never 35 (22.9%) 66 (30.8%) 101 (27.5%) 0.042a 

f 1 103 (67.3%) 125 (58.4%) 228 (62.1%)  

233 12 (7.8%) 23 (10.8%) 35 (9.5%)  

4 or more 3 (2.0%) 0 (0.0%) 3 (0.8%)  

ap-value of Chi-2 test 
bp-value of Fisher9s exact test 

 
physical activity), major attention in salt intake, none sugar drink consumption, less 

daily alcohol consumption, and more social activities participation in comparison to 

the control. In addition, the exposure group had self-report most often never smoke 

habits respect to the unexposure one (65.6% vs. 46.2%, respectively) (see Table 2). 

Psychophysical conditions are showed in Table 3. Differences between groups 

emerged for Unhealthy days for psychological conditions, life satisfaction, diagno- 

sis of myocardial infarction, cancer, and arthrosis. Thus, in comparison to control 
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Psychophysical conditions distribution among exposure and unexposure groups 

Psychophysical conditions Dedalo partici- 
pants % (N = 155) 

Controls % (N = 214) Tot. % (N = 369) p-value 

Life satisfaction c 

Medium3high 
 

144 (93.5%) 
 
169 (79.3%) 

 
313 (85.3%) 

 
< 0.001b 

Low 10 (6.5%) 44 (20.7%) 54 (14.7%)  

Physical illness, No. of unhealthy days in the last month 

0 96 (61.9%) 133 (62.2%) 229 (62.1%) 0.459a 

f 5 34 (21.9%) 55 (25.7%) 89 (24.1%)  

> 5 25 (16.2%) 26 (12.2%) 51 (13.8%)  

Psychological conditions, No. of unhealthy days in the last month 

0 77 (49.7%) 148 (69.2%) 225 (61.0%) < 0.001a 

f 5 39 (25.2%) 26 (12.2%) 65 (17.6%)  

> 5 39 (25.2%) 40 (18.7%) 79 (21.4%)  

Self-reported diseases at least one 
 

No 68 (43.9%) 80 (37.4%) 148 (40.1%) 0.237b 

Yes 

Self-reported diseasesb 

87 (56.1%) 134 (62.6%) 221 (59.9%)  

Diabetes 6 (3.9%) 11 (5.1%) 17 (4.6%) 0.624 

Respiratory illness 6 (3.9%) 15 (7.0%) 21 (5.7%) 0.257 

Hypertension 45 (29.0%) 70 (32.7%) 115 (31.2%) 0.495 

Myocardial infarction 2 (1.3%) 13 (6.1%) 15 (4.1%) 0.030 

Other heart diseases 14 (9.0%) 9 (4.2%) 23 (6.2%) 0.080 

Ictus 2 (1.3%) 4 (1.9%) 6 (1.6%) 1.000 

Liver diseases 3 (1.9%) 4 (1.9%) 7 (1.9%) 1.000 

Cancer 26 (16.8%) 19 (8.9%) 45 (12.2%) 0.025 

Arthrosis 36 (23.2%) 77 (36.0%) 113 (30.6%) 0.009 

Treated hypertension     

No 115 (74.2%) 145 (67.8%) 260 (70.5%) 0.204b 

Yes 40 (25.8%) 69 (32.2%) 109 (29.5%)  

ap-value of Chi-2 test 
bp-value for Fisher9s exact test 
cFor this variable, 2 missing data 

 
group, Dedalo participants self-reported most often a medium3high level of life sat- 

isfaction, a higher number of unhealthy days for psychological conditions, less diag- 

nosis of myocardial infarction, arthrosis but more diagnosis of cancer (see Table 3). 

Table 4 shows the chance to participate to the Dedalo9s activities passing from 
the best conditions, that is charactered by lack of risk factors / presence of protec- 

tive factors (i.e., daily intake of g 5 fruit/vegetable portions, BMI < 25, etc.), to 

the worsts (i.e., not any daily intake of fruits and vegetables, BMI g 30, etc.). Par- 

ticipants in the Dedalo project were less exposed to all the analyzed risk factors. 

In the model adjusted by sex and age class, they were significantly less exposed 

to a low consumption of fruits and vegetables, to current smoking (OR = 0.20, CI 
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Risk factor distribution for exposure and unexposure groups analyzed in the evaluation study of the Dedalo project: unadjusted and adjusted (by sex and age 
classes) logistic models for the chance to participate to Dedalo 

 

Risk factors Dedalo participants % 

(n = 155) 

Controls % (n = 214) OR unadjusted, CI 95% OR adjusteda, CI 95% 

BMI 
    

< 25 92 (59.4%) 106 (49.5%) 1 1 

25429 47 (30.3%) 77 (36.0%) 0.70 (0.4531.11) 1.00 (0.5931.68) 

g 30 16 (10.3%) 31 (14.5%) 0.60 (0.3131.16) 0.81 (0.3831.72) 

Fruit/vegetable portions     

g 5 33 (21.3%) 17 (7.9%) 1 1 

< 5 

Smoke 

122 (78.7%) 197 (92.1%) 0.32 (0.17–0.60) 0.32 (0.16–0.64) 

Never 101 (65.6%) 99 (46.2%) 1 1 

Ex-smoker 45 (29.2%) 59 (27.6%) 0.75 (0.4631.20) 1.20 (0.6732.13) 

Current smoker 

Minutes/week of moderate physical activity 

8 (5.2%) 56 (26.2%) 0.14 (0.06–0.31) 0.20 (0.08–0.46) 

g 150 59 (40.0%) 62 (25.6%) 1 1 

< 150 

Minutes/week of intense physical activity 

155 (60.0%) 93 (72.4%) 0.57 (0.37–0.89) 0.77 (0.4731.26) 

g 75 14 (9.0%) 35 (16.4%) 1 1 

< 75 141 (91.0%) 179 (83.6%) 1.97 (1.02, 3.80) 1.53 (0.7233.23) 

Salt intake attention     

Yes 129 (83.2%) 155 (72.4%) 1 1 

No 

Consumption of sugar drinks, glasses/week 

26 (16.8%) 59 (27.6%) 0.53 (0.32–0.89) 0.63 (0.3531.12) 

0 133 (85.8%) 137 (64.0%) 1 1 

1 or more 22 (14.2%) 77 (36.0%) 0.29 (0.17–0.50) 0.36 (0.20–0.64) 
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(continued) 

Risk factors Dedalo participants % 
(n = 155) 

 
Controls % (n = 214) OR unadjusted, CI 95% OR adjusteda, CI 95% 

 
 

One or more cognitive/socialization activities in the 

last 30 days 

Yes 149 (96.1%) 189 (88.3%) 1 1 

No 

Alcohol intake, glasses/day 

6 (3.9%) 25 (11.7%) 0.30 (0.12–0.76) 0.40 (0.15–1.07) 

Never 35 (22.9%) 66 (30.8%) 1 1 

f 1 103 (67.3%) 125 (58.4%) 1.55 (0.9632.53) 1.60 (0.9232.79) 

233 12 (7.8%) 23 (10.8%) 0.98 (0.4432.21) 1.61 (0.6234.19) 

4 or more 3 (2.0%) 0 (0.0%) 3 3 

95% CI are statistically significant for lower fruits and vegetables intake (<5 daily portions), smoking habits (current smokers), sugar intake (one or more sugar drink 
glasses per week), socialization habits (no socialization activities in the last 30 days) 

CI confidence interval, OR odds ratio 
aModels were adjusted for sex and age classes 
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Psychophysical conditions of the population observed in the evaluation study of the Dedalo project: unadjusted and adjusted (by sex and age classes) logistic mod- 

els for the chance to participate to Dedalo  

Psychophysical conditions Dedalo participants % Controls % (N = 214) OR unadjusted, CI 95% OR adjusteda, CI 95% 

 (N = 155)    

Life satisfactionb 
    

Medium3high 144 (93.5%) 169 (79.3%) 1 1 

Low 10 (6.5%) 44 (20.7%) 0.27 (0.13–0.55) 0.27 (0.12–0.60) 

Physical illness, No. of unhealthy days in the last 

month 

    

0 96 (61.9%) 133 (62.2%) 1 1 

f 5 34 (21.9%) 55 (25.7%) 0.86 (0.5231.41) 0.69 (0.3931.24) 

> 5 25 (16.2%) 26 (12.2%) 1.33 (0.7332.45) 1.11 (0.5532.25) 

Psychological conditions,     

No. of unhealthy days in the last month     

0 77 (49.7%) 148 (69.2%) 1 1 

f 5 39 (25.2%) 26 (12.2%) 2.88 (1.63–5.09) 1.88 (1.01–3.51) 

> 5 39 (25.2%) 40 (18.7%) 1.87 (1.11–3.15) 1.40 (0.7832.54) 

Self-reported diseases     

Diabetes 6 (3.9%) 11 (5.1%) 0.74 (0.2732.06) 0.99 (0.3233.01) 

Respiratory illness 6 (3.9%) 15 (7.0%) 0.53 (0.2031.41) 0.73 (0.2532.16) 

Hypertension 45 (29.0%) 70 (32.7%) 0.84 (0.5431.32) 0.67 (0.4031.12) 

Myocardial infarction 2 (1.3%) 13 (6.1%) 0.20 (0.05–0.91) 0.17 (0.03–0.88) 

Other heart diseases 14 (9.0%) 9 (4.2%) 2.26 (0.9535.37) 3.17 (1.15–8.69) 

Ictus 2 (1.3%) 4 (1.9%) 0.69 (0.1233.80) 0.42 (0.0732.67) 

Liver diseases 3 (1.9%) 4 (1.9%) 1.04 (0.2334.70) 1.78 (0.30310.41) 

Cancer 26 (16.8%) 19 (8.9%) 2.07 (1.1033.89) 1.78 (0.8633.69) 

Arthrosis 36 (23.2%) 77 (36.0%) 0.54 (0.34–0.86) 0.32 (0.18–0.57) 

Self-reported diseases at least one     

No 68 (43.9%) 80 (37.4%) 1 1 
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(continued)  

Psychophysical conditions Dedalo participants % Controls % (N = 214) OR unadjusted, CI 95% OR adjusteda, CI 95% 

 (N = 155)    

Yes 

Treated hypertension 

87 (56.1%) 134 (62.6%) 0.75 (0.5031.16) 0.52 (0.31–0.87) 

No 115 (74.2%) 145 (67.8%) 1 1 

Yes 40 (25.8%) 69 (32.2%) 0.73 (0.46, 1.16) 0.59 (0.34, 1.00) 

95% CI are statistically significant for lower life satisfaction, few unhealthy days in the last month for psychological conditions, people affected by myocardial infarction, 
other heart diseases, and arthrosis, self-reported at least a diagnosticated disease, people declared drug intake for hypertension 

Tot total, CI confidence interval, OR odds ratio 
aModels were adjusted for sex and age classes 
bFor this variable, 2 missing data 
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95% 0.0830.46), and consumption of sugar drinks. No association emerged for 

alcohol consumption and physical activity in the adjusted models. 

Considering the inferential analysis results, the participants in the Dedalo pro- 

ject reported a lower chance of referring heart attacks and arthrosis or a treatment 

for hypertension, but higher risk of have diagnosis heart diseases (Table 5). Con- 

sidering quality of life, no differences emerged in unhealthy days for physical ill- 

ness, whereas Dedalo participants showed a worst psychological status with 88% 

of chance higher than control to had experience at least 5 unhealthy days for men- 

tal distress in the last month. Thus, even though the unexposure group resulted 

have higher self-reported psychological wellness compared to exposure one, the 

percentage of individuals reporting high levels of <life satisfaction= was higher 

 
 
 

Behavioral risk factors and psychophysical conditions of the population observed in the evalu- 
ation study of the Dedalo project: adjusted (by sex and age classes) logistic multivariate model for the 

chance to participate to Dedalo 

 Dedalo participants % 
(N = 155) 

Controls % (N = 214) OR adjusteda, CI 95% 

Smoke 
   

Never 101 (65.6%) 99 (46.2%) 1 

Ex-smoker 45 (29.2%) 59 (27.6%) 1.13 (0.6332.07) 

Current smoker 8 (5.2%) 56 (26.2%) 0.19 (0.08–0.45) 

Consumption of sugar drinks, glasses/week 

0 133 (85.8%) 137 (64.0%) 1 

1 or more 22 (14.2%) 77 (36.0%) 0.41 (0.22–0.75) 

Life satisfactionb    

Medium3high 144 (93.5%) 169 (79.3%) 1 

Low 10 (6.5%) 44 (20.7%) 0.22 (0.09–0.51) 

Psychological conditions, 

No. of unhealthy days in the last month 

0 77 (49.7%) 148 (69.2%) 1 

f 5 39 (25.2%) 26 (12.2%) 2.59 (1.34–5.00) 

> 5 39 (25.2%) 40 (18.7%) 2.01 (1.02–3.97) 

Self-reported diseases    

Myocardial infarction 2 (1.3%) 13 (6.1%) 0.18 (0.03–0.94) 

Other heart diseases 14 (9.0%) 9 (4.2%) 1.79 (0.6135.28) 

95% CI are statistically significant for smoking habits (current smokers), sugar intake (one or more sugar 
drink glasses per week), lower life satisfaction, number of unhealthy days in the last month for psycho- 
logical conditions, self-reported diseases (myocardial infarction) 

CI confidence interval, OR odds ratio 
aModel was adjusted for sex and age classes and include the following variables, with low collinearity: 
smoke habits, sugar drinks consumption, life satisfaction, unhealthy days for mental distress, diagnosti- 
cated myocardial infarction and heart diseases 
b Life satisfaction was measured with a 5-points frequency item from "highly" to "very little" (very little, 

little, sufficient, highly). The first two points were categorized in low satisfaction, whereas the last two in 
medium-high satiscation 

1 3 



654 Journal of Prevention (2022) 43:639–658 
 

 

in Dedalo group than the control: passing from the best condition (medium3high 

level of life satisfaction) to the worst (low level) the chance to not attendance to 

Dedalo activities increase (73% higher compared to control in the both adjusted 

and unadjusted models, Table 5). Furthermore, the exposure individuals were 

generally healthier, with 43.9% of them not reporting any of the investigated dis- 

eases vs 37.4% of controls. 

Finally, Table 6 presents results of an adjusted (by sex and age) multivariate 

logistic regression including behavioral risk factors (smoke habits, sugar drinks con- 

sumption) and psychophysical conditions (life satisfaction, unhealthy days for men- 

tal distress, diagnosis of myocardial infarction, and heart disease) associated to the 

outcome in the adjusted models by sex and age (Tables 4 and 5). 

Thus, all associations were confirmed except for self-reported diagnosis of <Other 
heart diseases= and ex-smokers. Among factors associated to participation, we can 

note a considerable increase in ORs related to unhealthy days for mental distress 

(ORs 2.59 95% CI 1.3435.00 and 2.01 95% CI 1.0233.97 for f 5 and > 5 unhealthy 

days for mental distress, respectively) (Table 6). 

 

The purpose of this study is to assess the ability of the Dedalo project, a multicom- 

ponent community intervention for the promotion of healthy aging, to enroll the 

target population avoiding selection in terms of SES. This was done by using the 

baseline data of the longitudinal study aimed to evaluate the impact of the interven- 

tion on the main outcomes of the intervention. The project, implemented in Vercelli, 

a medium-small city in the North of Italy, consists of different types of interventions 

encompassing the following four themes: healthy diet, physical exercise, socializa- 

tion and culture, and discovery of the local territory. 

Our results suggest that the activities promoted by the Dedalo project are pre- 

dominantly attended by women (81.3%) with a high education level and low eco- 

nomic difficulties, compared to unexposure controls randomly selected from the 

general population. The participants also tend to have healthier behaviors compared 

to the general population: they smoke rarely, consume a large amount of fruit and 

vegetables, and have a low intake of sugar drinks. 

Another interesting observation is that people involved in the Dedalo9s interven- 

tions tend to be healthier than control subjects, except for the variable <other hearth 
diseases=. These characteristics are consistent with those observed in volunteers 
taking part in preventive interventions and health promotion activities within the 

community (Chylińska et al., 2017; Marmot & Bell, 2019; WHO, 2010). This is 

particularly true in Italy, where social behaviors, such as participation in commu- 

nity services, are inversely associated with education levels, economic difficulties, 

and age (Epicentro - ISS, 2019b). Our data are also in good agreement with previ- 

ously published studies showing social inequalities in health (Marmot & Bell, 2019; 

WHO, 2010). 

Dedalo project was also characterized by overwhelming attendance of women to 

its activities. This is not surprising given that older women in Italy are typically 
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more engaged in social activities requiring voluntary work (elderly people as 

<resource= for family, community, and economy (WHO, 2002))4e.g., family or 

community caregiving initiatives4than men (32.4% of women vs. 23.7% of men), 

who instead participate more than women (23% and 21%, respectively) to commu- 

nity and cultural activities and events4e.g., community life, travels, and training 

activities (Epicentro - ISS, 2019b). 

A last observation is worth to be done: the percentage of smokers in the popula- 

tion adhering to the project is one fifth of that of the control group and of the gen- 

eral Italian adult population (Epicentro - ISS, 2019a). Considering that people from 

lower SES groups are more likely to smoke and less likely to quit smoking than 

those from higher SES groups (Brown et al., 2014), our results appear to indicate a 

severe selection in the enrollment of the target population. 

Altogether, the previous observations show that Dedalo project attracted a 

selected population, characterized to be of higher social class, to have a lower level 

of exposure to risk factors, and a better health and wellbeing, predominantly female. 

The findings herein reported show that the Dedalo project has so far failed to 

reach one of its primary objectives: the reduction of social inequalities in health. 

Indeed, the observation that the vast majority of unhealthy behaviors were less fre- 

quent among the program participants compared to a random sample of the gen- 

eral population suggests that the individuals enrolled in the initiative were probably 

those in less need of preventive interventions. Assuming that socioeconomic status 

of the local population is distributed like the mean of the population of the Northern 

Italy, we hypothesize for Vercelli9s municipality that among people with 40 years 
old or more, about 45% have low educational levels and about the 7% (g 35 years 

old) are in relative poverty (Istat 2020a, 2020b). Considering the amount of popula- 

tion at risk (for SES), it is imperative that we identify alternative enrollment strate- 

gies capable of targeting people with lower SES and adult men, who at the moment 

do not seem to be particularly attracted by the program. 

One possible explanation for this failure is that the communication channels that 

were used to advertise the various initiatives (e.g., fliers, newspaper ads, websites, 

social networks, and word of mouth) may have caused a selection bias, excluding 

the people most in need (i.e., lower SES subjects and adult men). 

In this regard, a review on social marketing for behavior change has underscored 

several tools with which to achieve a more effective advertising for these types of ini- 

tiatives (McKenzie-Mohr & Schultz, 2014). For instance, the promotion of healthy 

behaviors based on local social norms focusing on the social identity of the commu- 

nity or the use of a renowned influencer has proven highly effective in increasing the 

motivation levels of the target population to participate in an intervention. 

The results of this study have been used to change the communication approach 

of the Dedalo activities, including more local channels in order to reach people in 

their neighborhoods and involving local associations in the conduction of the inter- 

vention. Furthermore, although Dedalo is a program for general population, its 

events and activities can be addressed also to a specific target population that could 

have great benefits with participation. For example, a walking group in Dedalo was 

planned for patients of Addiction Service, an <emotion artistic workshop= for onco- 

logic patients, or dance therapy course for patients with Parkinson disease. 
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This cross-sectional analysis has a limit in the method used in the sampling. First, 

the type of variables used as proxy of SES indicator: educational level and economic 

difficulties perceived by participants. This last variable is very easy to measure with 

low risk of bias for social desirability, but is strongly subjective. So, to consider 

social inequality in the preventive intervention access, it would be recommended to 

use more objective indicators to measure SES status. Lastly, for the type of sampling 

stratification (by age and sex) of the randomized control, that likely have led to a 

low presence of people with foreign origin among unexposure group (about 3% of 

unexposure participants vs. about 7% of the total Vercelli9s residents with 40 years 
and more) (Istat, 2019). 

Another possible limit is that the Dedalo activities are carried out in Italian, with 

the risk to exclude foreign citizens. The percentage of foreign people living in Ver- 

celli is quite low and about 6,7% of the total residents (in the age class > 40 years, in 

2019); moreover national data showed that in Italy about 64% of the foreign people 

have not any difficulty to understand Italian (Istat, 2019). Thus, this possible bias 

seems to have a low impact. 

 

 

This study is one of the first evaluations of a community intervention in Italy and, 

to our knowledge, in Europe. Our findings indicate that the Dedalo project has so 

far been unsuccessful in engaging in its initiatives the most vulnerable population to 

NCDs, thereby failing to meet the goal of reducing health disparities. 

Even though our results are essentially negative, we strongly believe that they 

will provide a useful source of information to better understand the impact of pre- 

ventive interventions on health inequalities within a community, thereby fostering 

future collaborative research endeavors. 
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Abstract 

Background. In Italy, since the beginning of the COVID-19 pandemic, patients testing positive for SARS- 

CoV-2 through nasopharyngeal swab have reported taste and smell alterations. As these symptoms are 

quite uncommon in other respiratory infections, their specificity and prevalence are useful features for the 

differential diagnosis of COVID-19. 

The objective was to describe taste and smell alterations in patients diagnosed with SARS-CoV-2 infection 

and to define the onset of those disorders during the clinical course of the disease. 

Study design. Cross-sectional study. 

Methods. This study was conducted on adult patients testing positive for SARS-CoV-2 infection through 

nasopharyngeal swab at a Local Healthcare Trust in Northern Italy between April 27th and May 27th, 2020. In 

order to investigate the clinical course, the onset of the first symptoms, smell and/or taste alterations, a phone- 

based questionnaire was administered during the programming of the second nasopharyngeal swab. 

Results. We recruited 168 patients; the mean age was 52 years old, and 94 (56.0%) were female. Among 

the 135 symptomatic patients, 87 (64.4%) reported taste and smell alterations. Patients with a mild clinical 

course showed the highest prevalence for taste and smell disorders (76.6%), which were also associated 

with a more benign clinical course of the disease (P = 0.0166). Furthermore, in 33 (37.9%) of these patients, 

changes in smell and taste perception appeared before the acute phase of the disease. Among the 14 patients 

with a severe clinical course of SARS-CoV-2 infection, 8 reported a variation of taste and smell perception 

before the hospitalization, with a median of 4 days (IQR 2-7) 

Conclusions. Smell and taste disorders can be listed among the first symptoms of SARS-CoV-2 infection 

and may anticipate the acute phase of the disease. Noteworthy, they seem to be associated with a more 

benign clinical course. 
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Background 

In Italy, since the beginning of the COVID- 
19 pandemic, there have been numerous 
reports of patients testing positive for SARS- 
CoV-2 infection through nasopharyngeal 
swab, recounting taste and smell alterations 
(1). Moreover, taste and smell alterations, 
which are not frequently found in other 
respiratory infections, are among the most 
frequent and specific symptoms of infection, 
making their specificity and prevalence 
particularly useful for the differential 
diagnosis of COVID-19, especially during 
the upcoming flu season. 

The most frequent symptoms of the 
disease are fever (83.3%), cough (60.3%), 
and asthenia (38%), which are often 
accompanied by chest pain, myalgia, sore 
throat and dyspnea. Rhinorrhea (3.5%) and 
nasal congestion (2%), probably due to 
ageusia and anosmia, are less frequent (2). 

Smell and taste alterations (65%) are 
amongst the earliest and more frequent 
symptoms of COVID-19 to appear (3). In 
patients tested positive for SARS-CoV-2, 
taste and smell alterations are the first 
symptoms to manifest in 10% and 11% of 
cases, respectively (4). A study also described 
their specificity (90.3%) due to estimation of 
the positive predictive value (5). 

The purpose of this study was to describe 
and ascertain the association between smell 
and taste disorders and the clinical course 
of SARS-CoV-2 infection, and to define the 
temporal association of those symptoms with 
the acute phase of the disease. In particular, 
we sought to determine whether they might 
be associated with a more benign clinical 
course of the disease. 

 
Methods 

Population 
Our study population consisted of 

COVID-19 patients followed by the Local 

Healthcare Trust of Vercelli, which consists 
of all persons residing and healthcare 
workers (HCWs) in the care homes in this 
area. Enrolled participants were identified 
using the current Administrative Health 
Database (AHDs) of Piedmont Region. For 
this reason, the HCWs in the care homes, 
although not resident in this area, were 
enrolled in the study. On the contrary, the 
HCWs from the Regional Health Service, 
whose healing process was followed by the 
occupational health services of the same 
Local Healthcare Trust, were not included. 

Study design 
This was a cross-sectional study conducted 

between April 27th and May 27th, 2020. A 
random sample of subjects were included. 
The phone calls were assigned randomly to 
four operators by the administrative manager 
of the contact tracing force working at the 
Local Healthcare Trust in Vercelli. Only 
two of them (NP, AI) were involved in 
the study, and contacted 168 patients out 
of 351 subjects. At the time of the second 
nasopharyngeal swab, they were submitted 
to a phone-based questionnaire. 

The survey was structured in order to 
investigate the clinical course, the time 
of onset of the first symptoms, smell and/ 
or taste alterations onset, and association 
of those disorders with the severity of the 
disease. During this phonr interviews, 
patients were asked whether they had 
experienced symptoms and when they had 
begun to exhibit symptoms before diagnosis. 
On the basis of symptoms and of the severity 
of the disease, we stratified patients in 
<asymptomatic, <mild, <moderate=, or 
<severe= according to the WHO severity 
classification (6). Participants were also 
asked to evaluate their sense of smell 
and sense of taste as normal, decreased 
or lacking. For participants reporting 
88decreased99 or 88lacking99, a follow-up 
question was provided asking how many 
days before or after the onset of COVID- 
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Table 1 - Age and sex for different clinical course. 

 

Clinical course Age Males Females Total 

Asymptomatic 52.3±14.4 9(12.2%) 24(25.5%) 33 (19.6%) 

Mild 45.9±14.9 19(25.7%) 28 (29.8%) 47 (28.0%) 

Moderate 52.5±13.2 27(36.5%) 33(35.1%) 60 (35.7%) 

Severe 63.7±9.7 19(25.6%) 9 (9.6%) 28 (16.7%) 

Total 52.5±14.5 74 94 168 

 
 

19 symptoms any sense of smell and taste 
decreased perception had begun. 

Statistical Analysis 
Descriptive analysis reporting absolute 

frequencies and percentages for categorical 
variables was performed. In addition, 
mean and standard deviation or median 
and interquartile range was carried out for 
numerical ones. 

The analysis was conducted jointly 
on all subjects, but also disjointedly for 
severity level. To evaluate the association 
between clinical severity and smell and taste 
alterations, a chi-square test was performed. 
In addition, Cochran-Armitage trend test was 
conducted to take the trend into account. 

A logistic model was implemented using, 
as outcome variable, the alteration of taste 
and smell, and as covariate the clinical 
course severity. Odds ratio (OR) and the 
respective confidence intervals (IC 95%) has 
been reported. P-values lower than 0.05% 
were considered significant. The analysis 
was performed using the software STATA 
(version 14.0). 

Results 

We enrolled 168 patients. The mean age 
was 52.5 (SD 14.5) years old, and 94 (56.0%) 
were female. Of them, 33 (19.6%) were 
asymptomatic, 47 (28.0%) reported mild 
symptoms, 60 (35.7%) reported moderate 
symptoms and 28 (16.7%) had a severe 
clinical course (oxygen therapy in hospital 
setting). Demographic characteristics, 
separated according to disease severity, are 
described in Table 1. 

We found a statistically significant 
positive association between gender and 
severity of the disease (P = 0.02); males 
seemed to report a more severe clinical 
course than females. 

Among 135 symptomatic patients, 87 
(64.4%) reported taste and smell alterations. 
Patients with a mild clinical course showed 
the highest prevalence for taste and smell 
disorders (76.6%). In addition, an inverse 
association between the severity of the 
disease and the presence of smell and 
taste alterations was found: smell and taste 
alterations were associated with a more 

 
 

 
Table 2 - Distribution of taste/smell alterations in the symptomatic population. 

 

Clinical course Smell/taste disorder Total 

Mild 36 (76.6%) 47 

Moderate 37 (61.7%) 60 

Severe 14 (50.0%) 28 

Total 87 (64.4%) 135 

The P-value was computed by Cochran-Armitage (P = 0.02) 
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Table 3 - Taste and smell alteration onset time compared to general symptoms onset. 

 

Clinical course Before At the same time After Total 

Mild 17 12 7 36 

Moderate 8 18 11 37 

Severe 8 3 3 14 

Onset % 37.9% 37.9% 24.1% 100% 

Total 33 33 21 87 

 

 

benign clinical course of the disease (P = 
0.0166) (Table 2). 

In 57.1% (n=8) of participants with a 
severe course of disease and smell and taste 
disorder, the onset of those symptoms was 
established before the hospitalization, with 
a median of 4 days (IQR 2-7) (Table 3). In 
addition, it is to consider that, for patients 
who did not show smell and taste alterations 
before, oxygen-therapy might be the cause 
itself. 

 
Discussion 

The onset of smell and taste alterations (e.g 
anosmia, disgeusia, hyposmia, hypogeusia, 
etc.), considered as one of the most suggestive 
symptoms related to COVID-19, is used by 
clinicians as a screening symptom useful 
to identify suspected cases. Indeed, it has 
been largely observed and reported a more 
significant prevalence of anosmia in COVID- 
19 patients than in patients suffering from 
different respiratory infections (7). 

The primary aim of this cross-sectional 
study was to ascertain the potential association 
between smell and taste disorders and the 
clinical course of SARS-CoV-2 infection, 
in order to determine whether they might 
be associated with a more benign clinical 
course of the disease. 

Incidence of these dysfunctions in 
COVID-19 patients was higher in European 
countries, including Italy (34 to 86%), North 
America (19 to 71%) and the Middle East (36 
to 98%), lower in Asian populations (8). 

Our study confirmed a consistent 
prevalence (51.7%) of smell and taste 
disorders in the enrolled participants. Those 
results are in line with a previous systematic 
review and meta-analysis that reported 
a prevalence for olfactory dysfunction 
of 52.73% (95% CI: 29.64% - 75.23%) 
among COVID-19 patients, 36.64% (95% 
CI: 18.31% - 57.24%), using non-validated 
instruments vs 86.60% (95% CI: 72.95% 
- 95.95%), using validated instruments 
(9). Similarly, the prevalence for gustatory 
dysfunction was 43.9% (95% CI: 20.46% 
- 68.95%). 

Specifically, some cross-sectional studies 
reported a prevalence of anosmia ranging 
between 33.9% and 35.7% (21% for patients 
whohavebeenhospitalizedand64.4%-68%for 
patients treated at home) (10). 

Smell and taste alterations may appear 
before, concomitantly, or immediately after 
the onset of the usual symptoms. Based 
on that, we tried also to better define the 
temporal onset of those symptoms. 

The majority of our study population 
reported the onset of olfactory and gustatory 
alterations before the usual symptoms. 

In contrast with our results, a study 
conducted by Lechien et al. found that 
olfactory dysfunctions appeared mostly 
after (65.4%) the appearance of general 
or ENT (ear, nose, throat) symptoms 
(22.8%) (11). Discrepancies with our results 
may be due to different methodological 
approaches, study design, and the fact that 
we have considered the onset of olfactory 
and gustatory dysfunction in relation with 
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symptoms inherent to the ENT, but also with 
general symptoms. 

This cross-sectional study also came with 
another very interesting finding: a less severe 
COVID-19 disease is related to a greater 
prevalence of those dysfunctions. 

In an already mentioned systematic 
review of 18 cohort studies (8), self- 
reported olfactory and gustatory alteration 
is considered a favorable prognostic factor 
in COVID-19 patients, and our results are in 
line with their ones. 

Similarly, another study, not included in 
the above-mentioned review, reported that 
loss of smell was also significantly associated 
with decreased hospitalizations, intensive 
care unit admissions, intubations, and acute 
respiratory distress syndrome (12). 

This finding may be due to the clinical 
importance of other symptoms of the disease; 
patients with severe clinical course, may 
have not noticed smell or taste alterations. 

This work presents some weaknesses that 
must be taken into account. First, this study 
was carried out only on Italian population, 
thus not allowing extension of current 
finding to non-Italian populations and those 
results are maybe not completely applicable 
and generalizable to general populations. 

Other limits of the study are represented 
by the small size of the sub-population 
with a severe clinical course and the 
subjective nature of changes in smell and 
taste perception. 

In addition, limitations include the 
non-utilization of objective olfactory and 
gustatory testing; therefore, self-reported 
taste and smell disorders should be validated 
in future studies with quantitative tests. 

Nevertheless, among the strengths of 
this work, it is possible to cite the use 
of administrative health data, robust and 
valid statistical analyses and the <survey 
approach= that provides information about 
diagnosis and disease status that deeply 
mitigates the limitations typical of using 
claims data (e.g. lack of clinical data). 

Conclusions 

Our results support previous findings 
relating to the favorable prognostic nature of 
taste and smell dysfunctions in COVID-19 
patients, providing new insights. 

Those symptoms seem to be suggestive in 
COVID-19 patients and therefore they should 
be taken into consideration by physicians 
for COVID-19 clinical diagnosis. Indeed, 
those alterations act as a worthy biomarker 
to predict COVID 19 and may anticipate 
the acute phase of the disease. Although 
those dysfunctions seem to be associated 
with a more benign clinical course, further 
and larger longitudinal studies, with good 
methodological quality and larger sample 
size, are warranted in order to confirm this 
association. 
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Riassunto 

Disturbi del Gusto e dell’Olfatto in pazienti COVID- 

19 in un’Azienda Sanitaria Locale del Nord Italia: 

uno studio trasversale 

 
Introduzione. Sin dall9inizio della pandemia di 

COVID-19 in Italia, i pazienti che risultavano positivi 

a SARS-CoV-2 tramite tampone nasofaringeo, hanno 

riportato alterazioni di gusto ed olfatto. Questi sintomi 
non sono comuni in altre infezioni dell9apparato respi- 
ratorio quindi la loro specificità e prevalenza sono utili 
per la diagnosi differenziale di COVID-19. 

L9obiettivo dello studio è stato quello di descrivere 
ageusia e anosmia in pazienti con infezione da SARS- 

CoV-2 e identificare l9insorgenza di questo i disordini 
durante il decorso clinico della malattia. 

Disegno dello studio. Studio trasversale. 

Metodi. Lo studio è stato condotto su pazienti risultati 

positivi a SARS-CoV-2 tramite tampone nasofaringeo 
presso un dipartimento sanitario locale del nord d9Italia, 
tra il 27/04/2020 e il 27/05/2020. Per indagare il decorso 
clinico, l9insorgenza dei primi sintomi e la presenza 
di alterazioni di gusto e olfatto, è stato somministrato 

un questionario telefonico durante la prenotazione del 
secondo tampone. 
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Risultati. Sono stati reclutati 168 pazienti, di questi 94 

(56.0%) sono donne e l9età media è di 52 anni. Tra i 135 
pazienti sintomatici, 87 (64.4%) hanno riportato altera- 

zioni di gusto e olfatto. Pazienti con una sintomatologia 
lieve hanno mostrato una prevalenza più alta per altera- 
zioni di gusto e olfatto (P=0.0166). Inoltre, in 33 (37.9%) 

pazienti, le alterazioni di gusto e olfatto sono apparse 
prima della fase acuta della malattia. Tra i 14 pazienti con 

decorso clinico grave da SARS-CoV-2, 8 hanno riportato 
alterazioni di gusto e olfatto prima dell9ospedalizzazione, 
con una mediana di 4 giorni (IQR 2-7). 

Conclusioni. Alterazioni di gusto e olfatto possono 
essere considerati tra i primi sintomi di infezione da 

SARS-CoV-2, e potrebbero anticipare la malattia. Inoltre 
sembrano essere associati con un decorso clinico più 

benigno. 
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