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Investigating the impact of low-level exposure to air 

pollution in a generally healthy population without CVD to 

reveal the role of intermediate pre-clinical endpoints in 

early disease development

Pan-Canadian, prospective, multiethnic cohort 
study
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Canadian Alliance of Healthy Hearts and Minds – 
Imaging Biomarkers
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• East to West Gradient
• Subclinical Vascular 

Disease
• Cognitive Function
• Special Populations

Recruitment

“Cohort of Cohorts” N=11,000

+ Special First Nations Cohort

McMaster McGill U of T



Chinese Origin – 896 (496 new recruitment)
South Asian Origin: 256 (85 Co-Recruitment with OHS)
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N= 10,100 consent
N= 8,258 MRI



Data Collection Summary
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• Access to Health Care
• Risk Factors screening
• CVD Screening
• Medication

Use/Adherence
• Health Insurance

• Diet (Food Frequency 
Questionnaire)
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re • CPTP Core Questionnaire*

• Socio Demographic 
Information

• Personal Medical History 
and Health Status

• Family Health History
• Sleep
• Sunlight Exposure
• Alcohol and Tobacco Use
• Ethnicity, Language

• Immigration Questionnaire
• Acculturation
• Cultural Connectedness
• Contextual Factors

As
se

ss
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it • Cognition (MoCA and DSS)

• Physical Measures
• Blood Sample 

collection/analysis
• InterHeart Risk Score 
• MRI

• Brain
• Carotid
• Cardiac
• Abdomen

* CPTP core questionnaire only administered to non-CPTP cohort participants. For CPTP cohort participants this data was used from their baseline visit with the parent cohort.   
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CAHHM-Recruitment
Cohort Consent HSR IHRS Apo MRI MRI

Brain
MRI 
Caroti
d

MRI 
Cardia
c

MRI 
Abdomen

CPTP Cohorts:
BC Generations 633 630 488 481 485 485 485 463 478
Alberta’s Tomorrow Project 588 587 469 462 458 457 455 418 454
Ontario Health Study 3942 3914 3153 150 3077 3053 3046 2876 3043
CARTaGENE 1751 1751 1462 1458 1418 1411 1409 1369 1413
Atlantic PATH 1022 1017 917 871 853 834 816 808 822
Total CPTP Cohorts 7936 7899 6489 3422 6291 6240 6211 5934 6210

External Cohorts:
MHI Biobanque 399 393 360 359 350 349 348 341 348
PURE 1135 1124 1109 0 1058 1051 1039 1018 1036
Total External Cohorts 1534 1517 1469 359 1408 1400 1387 1359 1384

First Nations Cohort 1302 1262 1248 1059 802 786 767 715 763
Ontario Chinese Cohort 630 627 565 552 559 557 538 535 555
Overall Total 11,402 11,305 9,771 5,392 9,060 8,983 8903 8543 8,912
Total Non-First Nations 10,100 10,043 8,523 4,333 8,258 8,197 8,136 7,828 8,149
Total First Nations 1,302 1,262 1,248 1,059 802 786 767 715 763

Confidential – not for distribution
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First Nations 
Cohort

11%

PURE
10%

OHS-South Asian
2%

Chinese
6%

MHI Biobanque
3%

BC Generations
6%

Alberta’s 
Tomorrow Project

5%

Ontario Health 
Study
33%

CARTaGENE
15%

Atlantic PATH
9%

MRI Completed

HSR Completed
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CAHHM: Participant Flow

Parent Cohort:

Cohorts Invite their 
participants to 
participate in CAHHM 

– via email/phone

Samples shipped to CRLB in 

Hamilton for Storage and Analysis

Images read at 5 Core Lab 

locations:
1. Brain – Calgary/Toronto
2. Carotid – Toronto

3. Cardiac – Montreal/Quebec City
4. Abdomen – Quebec City

Participants provide 

online/phone 
consent to 
participate and 

complete some 
questionnaires

Data transferred to 

PHRI via iDataFax

Participant visits a CAHHM site for 
in-person Clinical Assessment

- Consent

- Questionnaire
- Physical Measures
- Blood Sample where applicable

- MRI Scan

MR Images uploaded 

to CAIN Server via 
AGMednet

Reading for:

1. Severe Structural Abnormality
2. Full Research Read



Audits 238 197 57 77 696 517

FSA 95 46 0 0 321 238

136 103

31

9

44

2,074

Cities and Health 2018

Key Findings:

1. Rural communities see
• Higher food prices
• > seasonal variation 

(produce)
• Less healthy 

restaurant options 
• Less nutritional 

information 
2. In-store ads for sweet drinks 
and junk food > than in-store 
advertisements for F+V
3. Cigarette prices lower and 
variety of brands greater in 
urban than in rural tobacco 
stores and ON, QC
4. Alcohol prices are lowest in 
Quebec Link to map: https://cvcdcontextual.mcmaster.ca/

Contextual Factors: Audit of  2,074 communities in 
10 provinces
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12 Academic Centres and Mobile MRI for 
Rural and First Nations 

1.5 T magnet

Total Machine = 45 Tonnes

 13 months x 2 trips across Canada

N=2,150

12 Experienced Centres: 3T Magnet

3 Core labs

Brain

Carotid 
Arteries

Cardiac
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Marker

► White Matter Lesions 

► Quantitative cardiac markers

► Atrial volume and function

► Subclinical injury (heart/brain)

► Vascular function

► Carotid plaque composition

► “Adiposity” (liver fat)

‣ Cognitive impairment

‣ MI, heart failure, hospitalization

‣ Atrial fibrillation, heart failure

‣ MI, stroke, heart failure, dysfunction

‣ MI, hospitalization

‣ Stroke, cognitive dysfunction

‣ MI, stroke, heart failure

Outcome

Unique and Novel MRI Markers in CVCD
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Anand et al., BMC Public Health 2016

Anand et al., EHJ 2020

Follow-up: Repeat of cognitive tests and MRI  being assessed 7 years from baseline MRI for 
disease progression, brain infarction and cognitive decline.

Data collection: Baseline serum, cognitive tests (MoCA, DSST), subset with brain, carotid, 
cardiac and abdomen MRIs

The Canadian Alliance of Healthy Hearts and Minds (CAHHM) project, conducted between 
2014-2018, recruited 8,200 participants across Canada.

Recruitment emphasis on South Asian and Chinese ethnic groups.



Questions?
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Population Attributable Risk of low test scores:

• No postsecondary: 15% (12–17)

• Moderate-high CV risk factors: 19% (8–30)

• MRI vascular brain injury: 10% (3-22)

• Higher body fat %: 20.5% (7-33.2)

Dementia prevention, intervention, and care: 
2020 report of the Lancet Commission

Effect estimates of air pollution are smaller than other risk factors but given the 

population size potentially exposed to air pollutants, public health implications can be 

substantial. 
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Focus is Cardiac and Brain Health: “Brain-Heart Connectome”

Ultra 
Processed 

Foods 
+

Other 
Lifestyle 
Factors

Early Clinical

Cognitive 
Dysfunction

Late Clinical

Dementia
MortalityEctopic Adipose 

Tissue

Serum Biomarkers

Other CV Risk 
Factors:
Diabetes

High Blood Pressure
Abnormal Lipids

Inflammation

Genomics

Preclinical Disease
“vulnerable state”

Silent vascular 
brain injury

(infarcts, WMH)

Subclinical 
atherosclerosis 
(plaque volume)

MRI

Green Space and PM 2.5

Figure 1: Hypotheses: i. Adipokines and inflammatory proteins (serum biomarkers) associated with higher Ectopic Adipose 
Tissue cause cognitive decline, ii. UPF causes Ectopic Adipose Tissue, pre-clinical vascular disease, and cognitive decline. 
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Measuring Cognitive Function
The MoCA and DSST were collected in the initial 
Alliance study.

In the recontact CAHHM study, they will be 
collected again in addition to the Creyos.

MoCA

Scores range from 0 to 30, with a score of ≥26 
denoting normal cognitive function

DSST
DSST; scores range from 0 to 133, with lower scores indicating 
lower cognitive function, average 73 in our cohort



Harmonizing CAHHM and PURE-Mind

The CAHHM study was designed to align data elements with PURE, enabling integrated analysis of 
both studies.

Enrollment Criteria:

CAHHM (Canada): Adults aged 30-69 years (2014-2018)

PURE-MIND (Canada & Poland): Adults aged 40-75 years (2010-2018)

Combined sample size 9,100 participants

Anand et al., 2022



Silent infarcts White matter disease
18.9%

>70

Clinical events
• 2.5x risk of clinical stroke
• 1.5-2x risk of dementia 

Debette, S., et al (2019). Clinical Significance of Magnetic Resonance 

Imaging Markers of Vascular Brain Injury: A Systematic Review and Meta-
analysis. JAMA Neurology, 76(1), 81–94. 

+



CV Risk Factors and Vascular Brain Injury
Anand SS et al Eur J Cardiovasc Imaging 2020



Silent Brain Infarction and Cognitive Function

9 points lower 
on DSST

Anand SS et al. Stroke 4 March 2020



Determinants of low Cognitive Function

23.40

17.90

6.50

2.10 2.60

-5.00

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

Post-Secondary
Education

IHRS HWMH Non-lacunar stroke 3+ SBI vs less

Population Attributable Risks of  Low Cognitive Function DSST 
(95% CI)  
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Protective factors

•Education

• Physical activity

•Social activity

•Cognitive activity

•Healthy sleep

Durrani, R., et al.… Smith, E. E. (2021). Effect of Cognitive Reserve on the Association of Vascular Brain Injury With Cognition: An alysis of the PURE and 

CAHHM Studies. Neurology, 97(17), e1707

Verghese, Jet al  (2003). Leisure Activities and the Risk of Dementia in the Elderly. New England Journal of Medicine, 348(25), 2508–2516. 



Increased Adiposity is Associated with Reduced Cognitive 
Performance

(Anand et al., 2022, JAMA Network Open)

N= 9189 participants

DSST, Digital Symbol Substitution Test

For every 1 SD increase in VAT (36 mL) the DSST was lower by 0.8 points; P < .001) adj for cardiovascular risk factors 
and vascular brain injury.



Covert Vascular Brain Injury 
and Cognitive Dysfunction 
Among Chinese Adults 
Living in Canada and China

Total N=1300

N=473

N=884

Ke et al., Neurology (2024)



Ke et al., Neurology (2024)



Cognitive 
dysfunction 
defined as a 
MoCA score 
<26

Ke et al., Neurology (2024)



Results:

Greater hypertension in China, Lower Cognitive Scores

Higher Prevalence of covert brain infarcts in Chinese from 
China than those living in Canada

Unclear Causes: Ethnic-specific behaviors, clinical risk factors, 
or environmental/systemic differences may drive variations 

Ke et al., Neurology (2024)

Up to 7-fold increase in prevalence in Chinese individuals in China 
compared to Canada, even without stroke history
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Overview for 
Dietary Analyses

Dietary Analyses from CAHHM and PURE-Mind Study 

Diet Score linked to Heart disease and Stroke, death,  Cognitive 
Function, and dementia

Adjusted for all other ‘confounding factors’

Macronutrients and Cognitive Function?

2026-02-10 https://Cahhm.mcmaster.ca



Dietary Influences

Dietary Intake
(Macros: CHO, 

Fat,  UPFs)
Cognitive Scores

[MoCA, DSST]

V. Miller, A. Mente, R. DeSouza  EClinicalMedicine 86 (2025)

Silent vascular 
brain injury

(infarcts, WMH)

N=9,688

1. 

2.
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A. Carbohydrate B. Protein

C. Total fat

Adjusted for age, sex, center (random 
effect), urban/rural location, 
education, household income, waist-
to-hip ratio, physical activity level, 
current smoker, history of 
hypertension, history of diabetes, 
and energy intake.

Association between percentage energy from macronutrients and 
vascular brain injury (N=9,688)

V. Miller, A. Mente, R. DeSouza  EClinicalMedicine 86 (2025)
2026-02-10 https://Cahhm.mcmaster.ca



Dietary Influences and Cognitive Scores

Higher 
Carbohydrates Cognitive Scores

[MoCA, DSST]

V. Miller, A. Mente, R. DeSouza E-Clinical Med 2025

Silent vascular 
brain injury

(infarcts, WMH)

Higher
Fat intake

Silent vascular 
brain injury

(infarcts, WMH)

Cognitive Scores
[MoCA, DSST]

OR =1.40

OR = 0·75

*Lower cog scores

*higher cog scores
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Ultraprocessed foods on VBI and Cogntive Scores

56% WOMEN
7.8 SERVINGS UPF/2000 KCAL/D

8,420 middle-aged Canadians 
3.1 Servings per 2000 kcal 12.8

3.1 6.6 8.8 12.8

 % body fat:  +1.7%
 Visceral fat: +6.3 mL

For every 9 servings/ per 2000 kcal

3.1 Servings per 2000 kcal 12.8

VBI: p-trend = 0.51

CBI: p-trend = 0.69

DSST: p-trend = 0.13

MoCA: p-trend = 0.09

R de Souza in preparation

2026-02-10
https://Cahhm.mcmaster.ca



Association of dietary macronutrients with 
cognitive function in 9,886 participants

Higher carbohydrate intake is significantly 
associated with reduced cognitive 
function, and a greater odds of covert 
brain infarcts and high WMH. 

Conversely, higher intake of total fat and 
individual types of fatty acids were 
significantly associated with higher 
cognitive scores and lower odds of covert 
brain infarcts and high WMH.

UPF associated with VAT and body fat but 
not cognitive scores or VBI

Adjusted for sociodemographic, lifestyle factors, and health history 
2026-02-10

https://Cahhm.mcmaster.ca



• To determine whether VAT-related biomarkers are causally related to cognitive 
decline

‘OMICS and Biomarkers– Mendelian Randomization

Genetic Variants 
impacting 

biomarkers levels

Circulating 
biomarkers 

related to VAT

Confounding Factors

Inferential Advantages:
Robust to unmeasured 
confounding
Robust to reverse 
causal mechanisms

Cognitive 
Decline

High-throughput proteomic measures (Olink) in blood samples at baseline  768 circulating proteins
2026-02-10 https://Cahhm.mcmaster.ca



Repeat Evaluation: Pathways to Cognitive Decline

Diet (UPF)
+

Other 
Lifestyle 
Factors:

Sleep
Exercise

Early Clinical

Cognitive 
Dysfunction

Late Clinical

Dementia
Mortality

Ectopic Adipose Tissue

Serum Biomarkers

Other CV Risk Factors:
Diabetes

High Blood Pressure
Abnormal Lipids

Inflammation

Genomics

Preclinical Disease
“vulnerable state”

Silent vascular 
brain injury

(infarcts, WMH)

Subclinical 
atherosclerosis 

(plaque volume)

Cardiac MRI

Green Space and PM 2.5

Depression

Anxiety

Social Support/Loneliness
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Principal Investigators

Matthias Friedrich
Montreal, QC

Imaging

Douglas Lee
Toronto, ON

Health Records Linkage

Sonia Anand
Hamilton, ON

Epidemiology
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Corelab Leads

Eric Smith
Calgary, AB

Brain Corelab

Alan Moody
Toronto, ON

Carotid Corelab

Sandra Black
Toronto, ON

Brain Corelab

Ian Paterson
Ottawa, ON

Abdomen Corelab

Judy Luu
Montreal, QC

Cardiac Corelab
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CAHHM Recontact Sites

PURE BC

Sunnybrook (Chinese 
Cohort and OHS)

PURE Hamilton

Hamilton- OHS

McGill- 
CARTaGENE

Robarts- 
OHS

Ottawa- OHS
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Creyos
CAHHM Cognitive Tasks
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Physical Activity and Improved Cognitive Scores

Scientific Reports; and Molecular Psychiatry volume 27, pages 4343–

4354 (2022).

Association Between Physical Activity and Cognitive Function: A study published 
in Scientific Reports analyzed data from the UK Biobank found higher levels of accelerometer-
measured physical activity were associated with better cognitive performance.

Mendelian randomization to assess the causal relationship, suggesting that increased physical 
activity may lead to improved cognitive function.

Combination of seven-hour/day sleep, moderate-to-high LTPA, and low-to-moderate sedentary 
behavior showed the lowest dementia risk (0.59[0.50–0.69]) compared to the ref group (longer 
or shorter sleep/low LTPA/high sedentary behavior).

2026-02-10 https://Cahhm.mcmaster.ca

https://www.nature.com/mp


Sleep and Cognitive Scores – 7 hours is optimal 

Nature Aging 2022
2026-02-10 https://Cahhm.mcmaster.ca
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Key Messages
1) CAHHM is a large cross- section of men and women across Canada which has already 
produced significant insights into subclinical ASCVD and VAT

2) On going follow-up with new cognitive function measures and MRI will enable study of causes 
of cognitive decline

3) Broad determinants of health such as air pollution, green space and dietary intake 

4) OMIC evaluations and Imaging biomarkers 

5) Opportunities for ML/AI analyses





Population

Canadian Alliance of 

Healthy Hearts and 

Minds (CAHHM)

Life Satisfaction Life Satisfaction in the CAHHM Cohort

Key Takeaway Message

N=8063

1496 Racialized 

Persons

2142 Immigrants

Racialized Immigrants have the lowest life satisfaction scores

*P for differences between groups <0.0001

Higher Life Satisfaction Lower Life Satisfaction

Having Trusted Neighbours Unable to Afford Prescription Medications

Language Concordant Family Doctor High Social Disadvantage

Neighbours Work Together Racialized Immigrant

Neighbours are Willing to Help Female

Age Increase by 10 Years Higher Cardiovascular Risk Factor Burden

Visited ER in Last 12 Months

Opportunities to advance in Canadian society are enhanced by having trusted neighbours and access to primary healthcare, and it is 
more challenging for women, those with higher social disadvantage, and racialized immigrants. Being unable to afford prescription 
medications, needing to visit an emergency room, and having more cardiovascular risk factors impedes life satisfaction in Canada.

Continued work to mitigate structural barriers in healthcare access, income inequality, and racism is required to provide more equal 
opportunity for all Canadians.

Primary Outcome:

Life Satisfaction

Measure: 

Cantril Ladder

Cantril Ladder:

'1' indicating the worst and '10' 

indicating the best possible life

1

2

3

4

5

6

7

8

9

10

Suffering

Struggling

Thriving

Factors Associated with Life Satisfaction in the CAHHM Cohort

Average Life Satisfaction Scores

Non-Racialized Canadian Born 

Racialized Canadian Born

Non-Racialized Immigrants

Racialized Immigrants

*adjusted for years in Canada

Anand SS et al PLOS Global Public Health, 2025

Who Thrives in Canada?  Results from CAHHM
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Overall Sample

Anand SS et al PLOS Global Public Health, 2025

2026-02-10
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Amongst Immigrants

2026-02-10 https://Cahhm.mcmaster.ca
Anand SS et al PLOS Global Public Health, 2025
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