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Objectives

ÅTo identify the major cardiovascular changes that happen with age.

ÅTo identify the effects of aging on the pain experience.

ÅTo Identify the impact of the aging process on quality-of-life issues.

ÅTo identify the typical and atypical neurocognitive changes that happen 
with age.

ÅTo identify the cognitive and language changes that occur as a normal 
process of aging.

ÅTo educate the next generation through Undergraduate Research in 
Geriatrics (URGE).



Major Cardiovascular 
Changes that Happen 
with Age
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https://www.cdc.gov/nchs/nvss/leading-causes-of-death.htm#publications



Non-Modifiable Risk Factorôs

1. Older age
Á male > 45; female > 55

2. Gender: male

3. Family History of CAD:
Á father or brother with CAD < 55 years

Á mother or sister with CAD <65 years

4. Race
ÁAfrican Americans > Whites > Hispanics 

ÁAsian Americans or Pacific Islanders and American 
Indians or Alaska Natives, heart disease is second only 
to cancer.





Primary Modifiable Risk Factors for CAD

1. Dyslipidemia 

2. Hypertension

3. Diabetes

4. Smoking

5. Physical Inactivity 

6. Obesity

7. ñMetabolic syndromeò





Hydraulic 
model





Pressure Waveform Analysis

Flow = Pressure/Resistance (Ohmôs law)

Wasted LV Energy: Nichols W.W. et al. 2006



5% TTI Ÿ ~20% mechanical efficiency in CAD patients
Up to ~60% oxygen supply/demand imbalance in CAD patients

TTI = MVO2

LVEW М ίГ 44)  

Gurovich et al (2014), Artery Research



The InVision Guide to A Healthy Heart, © Copyright 2005, Anatomical Travelogue, Inc.



Atherosclerosis Pathophysiology

Choudhuryet al. Nature Reviews Drug Discovery, 2004



Nitric Oxide and Vascular Homeostasis



Thiet al., PNAS, 2004











In Vitro Model
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The Effects of 
Aging on the Pain 
Experience



Objective

ÅTo identify the effects of aging on the pain experience.



Outline

Å Review of pain mechanism

Å Age related changes in pain perception

Å Understand the biopsychosocial contributions to pain

Å Factors affecting perception of pain in Elderly

Å Factors that Alleviate Pain in Olders- Role of care-

provider



ÅPain is common in the elderly

ÅPain is under-recognized and undertreated

ÅPain affects quality of life 

Why is this important?



PAIN

31% of women & 
19% of men > 75 
yrsreport pain in 
3 or more sites 

Nursing home 
residents: 

45ς80% 

Almost three-
fifths of adults 65 

and older with 
pain said it had 
lasted for one 
year or more. 

One-fifth of adults 
65 years and older 

said they had 
experienced pain 
in the past month 
that persisted for 

more than 24 
hours

Same facts and prevalence of pain in Elderly

MinnerD M et.al., Evidence based assessment and 
treatment of persistent pain in the community dwelling 
elderly receiving home health services: A pathway, Home 
health care management and practice 17:294-301,2005.



ά An unpleasant sensory and emotional experience 
associated with actual or potential tissue 
damage, or described in terms of such damageέ

Pain is not just a sensation but a 

multidimensional sensory 

experience, suffering, and 

alteration in behavior.

Nociception is the activation of 

receptors of noxious stimuli.Í



ÅAcute Pain is often limited, warns of tissue damage. Often with 
signs of autonomic nervous system activation

ÅChronic persistent ( > 3 months) - pain no longer signals tissue 
damage. Autonomic signs are often absent. 

General Concepts



Physiology of PainNociceptors
Afferent nerves that 
respond to noxious 

stimulation

Stimulus 
Transmission

Termination
Spinothalamic and 

Spinoreticular
pathways

Modulation

General Concepts of Pain Mechanisms



Midbrain 
descending 
control

Ascending nociceptiveҧ
Fast (red)
Slow (green)
Descending inhibitory tracts Ҩ (blue)



The BIOPSYCHOSOCIAL MODEL is a key way to assess and treat patients 
in pain as it gives the most comprehensive view of a person

Age Related Changes-biopsychosocial Model



PAIN

Changes in 
Peripheral 

nerves-decrease 
density and 

increase 
abnormal/degen

erating fibers

Sensory 
threshold for 
thermal and 

vibratory 
stimuli increase 

with age

Pain receptors: 
50% decrease in 

Pacini's
corpuscles,10%-
30% decrease in 

Meissner's/Merkl
e'sdisks

Diminished 
endogenous 

analgesic 
response 

(endorphins) in 
the older 
patients. 

Reduction in 
number and 
function of 
peripheral 
nociceptive 
neurons.

Loss in 
dorsal 
horn 

neurons

Loss of 
neurons in 

cortex, 
midbrain, 

brainstem , 
18% loss in 
thalamus

18% loss in 
thalamus 

Conduction 
velocities are 

impaired in both 
myelinated and 
unmyelinated 

fibers at the CNS

Recovery from 
peripheral 

nerve injury 
appears to be 

delayed

Age related changes

TinnirelloA, et al. Chronic 
Pain in the Elderly: 
Mechanisms and 
Distinctive Features. 
Biomolecules 2021



ÅPainful thermal stimuli activates midline and central cortical regions 
in young and old, but older adults show activation of frontal and 
lateral sites
üThis implies wider recruitment of neurons and slower cognitive processing

ÅThe elderly have been shown to be more reluctant than young 
people to report painful stimuli

Age Differences in Pain:

CHANGES IN BRAIN PERCEPTION







ÅPain affects quality of life far beyond the local region of injury

ÅFeeling of loneliness is predictor of psychological distress

ÅLack of intimate relationships, dependency, and loss increase 
loneliness

ÅLoneliness has been shown to lower pain threshold

ÅLoneliness is a risk factor for depression

Deane G et.al., Overview of pain management in older persons. Clin Geriatr Med 24,185-201,2008.

Factors affecting perception of pain in Elderly



ÅDepression: lack of energy, avoidance of diversional activities, 
decreased engagement in treatment

ÅAnxiety: may inhibit participation in rehab efforts

ÅSleep disturbance: pain is best predictor of sleep disturbance.

ÅIsolation and reduced independence: Involvement with family 
and friends can provide pleasurable experience

Factors affecting perception of pain in Elderly



**

**

**

** p < 0.001

Thielke, HRS, 2008

Pain Is Strongly Associated with Depression



ÅMyths that having pain is ñnaturalò with aging

ÅFears about addiction to pain medications

ÅSensory and cognitive impairments

ÅUnder-reporting 

ÅCo-morbidities complicating the clinical picture and caregivers' beliefs and the reliability of 
patients' pain.

ÅLack of congruence between patients' and caregivers' perceptions of pain

ÅCaregiver may misinterpret pain perception 

Challenges of pain assessment in older patients

ÅWhat may be painful to a young adult may present in the elderly as behavioral changes 
such as confusion, restlessness, aggression, anorexia, and fatigue

ÅWhen pain is reported, it may be referred from the site of origin in an atypical manner

ÅElderly women are more likely than elderly men to present with atypical pain



Å Impaired  function:  Pain can lead to decreased activity and 
ambulation leading to de-conditioning, gait disturbances and injuries 
from falls. 

ÅSleep deprivation: decrease pain thresholds, limit the amount of 
daytime energy, increased risk of depression and mood disturbances.

ÅIncreases financial and care giving burdens placed on families and 
friends by increased utilization of health care services.

ÅDiminished quality of life by isolating individuals from important social 
stimulation, amplifying the functional and emotional losses already 
experienced from undertreated pain.

Jakobsson, U. et.al., Old people in pain: A comparative study. Journal of Pain and Symptom Management, 26, 625-636,2003.

Weiner, D.K., et.al., Pain in nursing home residents; management strategies. Drugs and Aging, 18(1), 13-19,2001.

Consequences of untreated pain



ÅBiopsychosocial theory of pain instead of medical theory (often no 

clear biomedical explanation for the persistence of chronic pain)

ÅGoal is to reduce disability through reducing pain-related fear or other 

attributions

ÅFocus is on reducing disability and NOT pain

Å It is not about ignoring pain, but about not allowing pain to restrict your 

life and attaching different meaning to pain after exposure (shift away 

from pain)

Factors that Alleviate Pain in Olders-

Role of care-provider
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Quality of Life and the Aging Process

Objective
ÅTo Identify the impact of the aging process on quality-of-life issues



Quality of Life and the Aging Process

ÅWhat is Quality of Life?

ÅIt is ŘŜŦƛƴŜŘ ŀǎ ŀ ǇŜǊǎƻƴΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜƛǊ Ǉƻǎƛǘƛƻƴ ƛƴ ƭƛŦŜ ƛƴ ǘƘŜ 
context of the culture and value systems in which they live and in 
relation of their goals, expectations, standards, and concerns 
(Lucas-Carrasco, 2012). 

ÅIn other words, are we where we want to be based on what we 
expected to be?



Quality of Life and the Aging Process

ÅWhat impacts our perception of quality of life?
×Physical health

×Mental well-being

×Socio-economic status

×Social interactions

×Environment/community



Quality of Life and the Aging Process

ÅAging in place- the ability to enhance ƻƭŘŜǊ ŀŘǳƭǘǎΩ ƭƛǾƛƴƎ 
environments in order to promote aging in their homes and 
communities. 

ÅComfort of home

ÅSense of community

ÅFamiliarity

ÅSocial interaction

ÅIndependence 



Quality of Life and the Aging Process

Å²Ƙŀǘ ƛŦ ƻƭŘŜǊ ŀŘǳƭǘǎ ŎŀƴΩǘ ǎǘŀȅ ƛƴ ǘƘŜƛǊ ƘƻƳŜǎΚ

ÅDoes our environment and community impact our quality of life?



Quality of Life and the Aging Process: 
COVID Impact

Rate compared to 
18-29 year olds

50-64 65-74 75-84 85+

Cases 1x 1x 1x 1x

Hospitalization 3x 5x 8x 10x

Deaths 25x 60x 140x 330x

According to the CDC (2022), the rate of hospitalizations and deaths
related to COVID-19 is much higher than those under the age of 49.



Quality of Life and the Aging Process: 
COVID Impact
ÅIn a scoping review by Kasarand Karaman(2021), they looked at 

how the Coronavirus disease-2019 (COVID-19) had an 
unprecedented effect all over the world, especially in older 
individuals. Their aim was to evaluate the social isolation, 
loneliness and quality of life of elderly individuals during the 
COVID-19 pandemic and to map suggestions to reveal and 
improve the current situation.

ÅAreas of concern for older adults was an increase in loneliness, 
anxiety, and depression not only in the short-term, but long lasting 
effects



Quality of Life and the Aging Process

ÅWhat strategies can help
o Taking advantage of technological opportunities and accessibility

o Providing peer communication by technology

o Providing social support and environments for social interaction

o Cognitive behavioral therapy online (mindfulness classes, etc.)

otǊƻǾƛŘƛƴƎ ǎǳǇǇƻǊǘ ōȅ ƳŜŀƴǎ ŀǇǇǊƻǇǊƛŀǘŜ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ŎǳƭǘǳǊŀƭ ƳŀƪŜ-
up (spirituality, prayer practices)

o Encouraging independence and accessibility

in the environment/community



Quality of Life and the Aging Process
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The typical and atypical neurocognitive 
changes happening with age: Agenda
Å Review of the key cognitive functions and underlying brain 

systems.

Å ¢ƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ōǊŀƛƴΩǎ ŦǳƴŎǘƛƻƴǎ ǿƛǘƘ ŀƎŜ όǘȅǇƛŎŀƭ ŀƴŘ 
degenerative).

Å The consequences of neurodegenerative aging on cognition.

Å COVID-19 and early neurocognitive aging 



Key (cognitive) functions and the brain



ÅPerception

ÅAttention

ÅMemory

ÅExecutive functions

ÅLanguage

ÅProblem-solving

ÅThinking, walking, talking



Key cognitive functions and the brain
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ÅImpaired bottom-up processing

ÅHearing and vision loss 

ÅAuditory and visual acuity

ÅHigher level and multimodal processing

ÅAttention

ÅWorking memory and learning

ÅExecutive and motor control

Neurocognitive aging



Neurocognitive aging



ÅAlzheimer Disease

ÅtŀǊƪƛƴǎƻƴΩǎ 5ƛǎŜŀǎŜ

ÅFrontotemporal dementia

ÅLewy-Body Dementia

ÅChronic Traumatic Encephalopathy

ÅCardiovascular, poststroke-, multi-infarct-
dementia

ΨbŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜΩ aging



ÅThe human brain is perfused by nearly 400 miles 
of blood vessels that stem from either the 
internal carotid artery or the vertebral artery 

ÅTransient or permanent restriction of oxygen 
and metabolic exchange in this system can 
produce a wide range of symptoms based on the 
affected cerebral circuitry

Cardiovascular system and cognition



Vascular Cognitive Impairment

Impairment in one or more cognitive domains which in turns 
disrupts daily living functioning

Å ReyςOsterriethComplex Figure Copy



COVID-19 and early neurocognitive aging



Å8,163 patients with confirmed COVID-19 among 
27,676 patients in the Cerner de-identified COVID-
19 dataset.

Å103 (1.3%) patients developed acute ischemic 
stroke 

Å94 of these patients received their COVID-19 
diagnosis during the same encounter that they had 
acute ischemic stroke.

COVID-19 and dementia prevalence (Qureshi et al. 

2021) 



Cognitive Impairment Among Survivors of
Covid-19 infection

Study Patients Definition of cognitive

impairment

Prevalence

Hellmuth et al.  2021 100 non-

hospitalized

Detailed

neuropsychological 

testing which revealed 

mild disorganization 

and

inefficient, error-prone 

task execution.

20 (20%)

Taquet et al. 2021 236,379

hospitalized

Dementia by ICD-10 

codes

6229 (2.6%)





What kind of cognitive deficits do survivors of
Covid-19 infection have?



Cognitive impairment among survivors of
Covid-19 infection - pathophysiology


