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Outline and Learning Objectives

1) Define “multiple chronic conditions (MCCs)” and 
its significance in 21st century health

2) Discuss the role of chronic conditions in biological 
aging and loss of resilience to health stressors

3) Consider MCC in the context of aging 
brain/ADRD

4) Set the stage for our consideration of the interface 
between Alzheimer’s disease and MCCs



The Case of B 

87 year-old woman presents for consult 
at Duke Geriatrics Evaluation and 
Treatment Clinic

Patient’s Health Goal: 
“I’m not here because I want to live 
forever…but I hope you can help me live 
better.”

Family Chief Concern: 
functional and cognitive decline

Presenter Notes
Presentation Notes
This is the case of B, an 87 year old woman who presented to the Duke Geriatrics Clinic with a chief complaint of functional decline.  When asked about her health goals, she said “I’m not here because I want to live forever…but I hope you can help me live better.”



Issues at Presentation

Memory and cognitive changes
Multiple Falls
Chronic Pain
Sleep disturbance
Polypharmacy/Side effects
Social isolation
Low energy
Urinary incontinence
Unintentional weight loss
Anxiety

Presenter Notes
Presentation Notes
So, what was bothering her?  Here is the list of concerns that were identified at her visit.  She was a frequent faller, with falls or near falls happening almost weekly.  Some of the falls had caused injuries including a vertebral facture and she had suffered from lingering back pain ever since then.  She had significant complaints about sleep and was frustrated because she used to be a great sleeper.  Now, she often felt tired and dozed a lot, she woke frequently and felt her sleep was poor quality. She had a giant shoe box full of medicines, including medications from various providers for pain and sleep and these were causing other problems: she felt “cloudy-headed” and had major issues with constipation. She described feeling bored and isolated in her home.  She had urinary incontinence had begun to lose weight and also felt increasingly anxious, which was an entirely new symptom for her.  



The Medical History: 60s

“First retirement” at age 
58: middle school principal

Earned a PhD and a pilot’s 
license in her 60s

Interests: world travel, avid 
reader, being outdoors

Presenter Notes
Presentation Notes
But how did this situation arise.  One thing we like to do in geriatrics is understand the functional history.  And when we go back in time and listen to B’s functional history, we see that she actually entered her golden years as a poster child for healthy aging.  She was a middle school principal in Atlanta and retired at age 58 because her husband’s job caused them to relocate to Colorado.  But she was restless in retirement so she started taking flying lessons and classes at the University. She ultimately earned both a PhD and a pilot’s license in her 60s.



•“Second retirement” at age 72: college 
professor

•Mild chronic obstructive pulmonary 
disease (COPD) and osteoarthritis 
worsened in her 70s

•Decreased activity

•Weight gain exacerbated arthritis and 
shortness of breath

•Had to cut back on NSAIDs due to 
chronic kidney disease

The Medical History: 70s

Presenter Notes
Presentation Notes
So what happened? Well, she had some mild COPD and her arthritis worsened in her 70s. The dyspnea and pain decreased her activity and she entered a visious cycle. She had always battled her weight and the decreased activity led to weight gain. This only served to exacerbate the dyspnea and the arthritis.



•Neovascular age-related macular degeneration 
(AMD) diagnosed at age 82

•Hearing impairment

•Frequent falls (~weekly)
• Persistent back pain after vertebral fracture one 

year ago
• Tramadol and opioids worsen cognition and 

balance

• Mild cognitive changes noted in last 2-3 
years

The Medical History: 80s

Presenter Notes
Presentation Notes
But the BIG hit to her function occurred at age 82. She was diagnosed with neovascular age-related macular degeneration, or wet AMD.  And she lost vision rapidly.  At the time she was seen in the geriatrics clinic, she had 20/100 vision in her good eye and the bad eye had nothing but light perception.  She had lived that way for 5 years and she had lost not only the ability to fly, but the ability to drive.  She only left home with her husband and he was on dialysis, so 3 days a week she was alone. She couldn’t read or see the TV, or use her computer.  Her family had noted over the last couple of years, it seemed that her significant cognitive abilities were not as sharp. Her hearing declined as well and the falls had gotten increasingly frequent.  So this world traveler and pilot and vivacious hostess had seen her world constrict to 30 feet on most days, and even in her home, every time she rose from a chair, she was afraid she would fall.



Loss of Independence and Quality of Life

Osteoarthritis
COPD

Macular Degeneration
Cognitive Impairment

Hearing Impairment
Osteoporosis

Chronic Kidney Disease
Depression

Multiple Chronic Conditions (MCC)

Age 56 Age 87



Multiple Chronic Conditions (MCC)

~96% of Medicare dollars go to the 2/3 of Beneficiaries who 
have MCC.

More chronic conditions 
= increasing threat to 
independence.
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Anderson G et al. RWJ Partnership for Solutions. Chronic 
Care: Making the Case for Ongoing Care. 2010 update

Definition: Co-occurrence of two or more chronic conditions 
that impact health or require treatment

Presenter Notes
Presentation Notes
Now I know that I don’t have to convince this audience that mutimorbidity is a big issue. In fact, it’s a big part of what motivated me to be a geriatrician. This seemed like a problem that our healthcare system was ill-equipped to deal with.  I was seeing the devastating consequences play out in my own family, and the problem was being well-described in the literature as well. We are well aware that multiple chronic conditions is staggeringly expensive – note here that about 1/3 of the Medicare population does not have multiple chronic conditions, and those lucky folks account for only 4% of the spending.  And the more chronic conditions you have, regardless of the specifics of what those conditions are, the more likely you are to experience bad outcomes including disability, death, and complications.  So there’s no doubt that this is a problem.  But as a fellow trying to establish a place for myself in this field, I was frustrated that the heterogeneity of the problem made it challenging to find generalizable solutions.



Multiple Chronic Conditions (MCC): 
The “new normal” in 21st Century medicine

Anderson G et al. RWJ Partnership for Solutions. Chronic Care: Making the Case for Ongoing Care. 2010 update
Boyd CM et al. Clinical practice guidelines and quality of care for older patients with multiple comorbid diseases: 
implications for pay for performance JAMA 2005

• A by-product of modern medical success
• Life expectancy has increased
• Many previously deadly conditions 

converted to “chronic” conditions
• Aging baby boomers
• Rise in obesity and metabolic syndrome

http://www.experts.scival.com/jhu/pubDetail.asp?t=pm&id=16091574&n=&u_id=484
http://www.experts.scival.com/jhu/pubDetail.asp?t=pm&id=16091574&n=&u_id=484


12

Prevalence of MCC is age-related

27% of US Population
~64% of those age 65+

• Comparable rates in men 
and women in mid-life; more 
prevalent in women in late-
life

• More common in:
• VA users
• deprived areas
• minoritized racial/ethnic groups
• lower SES

Schiøtz et al. BMC Public Health (2017) 17:422 
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MCCs and Aging Biology

GenCraft prompt: “complicated web of 
aging cells and disease and cycles of 
failing health.” Cartoon style



Human health is a constant balancing act
Biological Resilience = The ability of a biological system to maintain or regain equilibrium 
in response to perturbations or health stressors. 

Presenter Notes
Presentation Notes
Because no matter what age we are, human health is a balancing act.  Our bodies are in a constant struggle to maintain equilibrium, or homeostasis.  As we go through a normal day, we are exposed to a multitude of stressors: pollution, bacteria, UV rays, a little dehydration after the gym.  And sometimes there are bigger stressors – a major accident causes trauma, a cell somewhere in our body transforms from benign to malignant and a tumor starts to form, a clot breaks free from a plaque in an artery and threatens to cause a stroke or heart attack.  And so much depends on how our cells and systems respond, at the biological level, to these health stressors.  Within all living things, there are intricate checks and balances and complicated channels of communication between systems…working around the clock to keep the organism operating at a steady state despite all the stressors the world throws at us.






Every person is a complex dynamic system

Interconnected Systems and Sub-systems constantly moving, transitioning, and 
adapting to changing environments and new stressors

Image by: Institute for Systems Biology, Seattle, WA

Presenter Notes
Presentation Notes
Every human is a complex dynamic system in constant flux, constantly adjusting to maintain stability and equilibrium.  Our subsytems talk to each other through complicated feedback and feedforward mechanisms that we understand better all the time.  In addition every person lives within another complex and ever-changing system, which is society.  And the changes that happen over time in and between all these related networks are unique to each and every person.  



Resilience 

Metabolic 
Disorders

Neurologic 
Disease

Auto-Immune 
Diseases

Infectious 
Diseases

Vascular 
Diseases

Cancer

A vicious cycle

Injury or disease 
in any sub-system 
or organ can 
diminish biologic 
resilience…

and lower resilience 
makes us 
vulnerable to the 
next disease…



Adapted from Kennedy et al. Cell 
159; 2014

Geroscience: Biological resilience has a molecular basis
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…and all of 
these molecular 
pathways 
exhibit decline 
with age (over 
time), even in 
the absence of 
serious disease.

Presenter Notes
Presentation Notes
Because the field of geroscience, or the basic biology of resilience loss with age, is exploding.  We recognize that the biological pathways shown here all decline with age and underlie critical aspects at the molecular level of how our cells respond to stressors.  In our body’s battle to maintain equilibrium and health in the face of stressors, these are the battle grounds.  So we are targeting these processes – we need to understand them and understand how they change over time, so we can restore and rejuvenate them.  I gave you one example from my work related to the stressor of macular degeneration and how human brain cells respond.  But this is just one example.  The response of every organ tissue to every health stressor is determined by the biologic pathways shown here.  We believe that understanding the determinants of favorable biology in these pathways are the keys to unlocking resilience.
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MCCs and Aging Brain

GenCraft prompt: “Brain on a human 
body with organs that look connected 
to the brain.” Realistic style
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MCCs are prevalent in people living with dementia

>95% of people with 
ADRD have 1 or more 
additional chronic 
condition

A person with ADRD, 
compared to a peer 
without dementia, is >3.8 
times as likely to have 6+ 
chronic conditions

Alzheimer’s Association Fact Sheet 2022: Alzheimer’s and MCC
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MCCs have important implications in ADRD care and research

MCC is associated with high 
care costs and complications 
in people with dementia
 -risk:benefit ratios

MCC impacts the detection of 
AD-related pathology

MCC likely plays a role in the 
development of pathology and 
dementia

Alzheimer’s Association Fact Sheet 2022: Alzheimer’s and MCC



Adapted from Kennedy et al. Cell 
159; 2014

The biggest risk factor for Alzheimer’s disease is age.
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We propose that certain 
age- or disease-related 
change(s) at the cellular 
level are necessary to 
initiate the pathology of 
Alzheimer’s disease.

If so, the changes likely 
begin in early- and mid-
life.

Presenter Notes
Presentation Notes
Because the field of geroscience, or the basic biology of resilience loss with age, is exploding.  We recognize that the biological pathways shown here all decline with age and underlie critical aspects at the molecular level of how our cells respond to stressors.  In our body’s battle to maintain equilibrium and health in the face of stressors, these are the battle grounds.  So we are targeting these processes – we need to understand them and understand how they change over time, so we can restore and rejuvenate them.  I gave you one example from my work related to the stressor of macular degeneration and how human brain cells respond.  But this is just one example.  The response of every organ tissue to every health stressor is determined by the biologic pathways shown here.  We believe that understanding the determinants of favorable biology in these pathways are the keys to unlocking resilience.



My grandmother’s story: Conclusions

Memory and cognitive changes
Multiple Falls
Chronic Pain
Sleep disturbance
Polypharmacy/Side effects
Social isolation
Low energy
Urinary incontinence
Unintentional weight loss
Anxiety



My Grandmother’s Story

•Interventions 
–Medication list simplified

• Special attention to pain and sleep 
concerns

• Reducing medications likely to affect 
cognition

–One new medication: SSRI
–Referral to Physical Therapy
–Referral to Vision Rehabilitation
–Living will, goals of care reviewed
(ePrognosis 5-year mortality risk: 47-52%)

Presenter Notes
Presentation Notes
After a long and careful assessment, these were the interventions that Cathleen recommended for my grandmother.  First, there was a lot of de-prescribing with careful attention to her concerns about pain and sleep and a focus on nonpharmacologic approaches to management of these problems.  She did start one new medication: an ssri to address depression and anxiety. She was referred to physical therapy to reduce falls risk and she was referred to vision rehabilitation.  Cathleen also addressed advanced planning and expectations.



18 months later

• Depression symptoms responded to 
medication (SSRI)

• Mobility improved
• Cognition returned to near baseline
• Using new visual assistive equipment 

to write letters, use computer, 
manage self-care

My grandmother died about 2 weeks 
after this picture was taken.



Dr. Billie Bagby
January 25, 1920 – May 25, 2009•Recall goals of care:

“I don’t care about living longer, but 
can you help me live better?”

If she presented today, would goals 
of care be served if her care plan 
included:
• Blood-based biomarkers for AD
• Lumbar puncture or PET scan
• Lecanemab



Alzheimer’s disease: a disease of aging, not the aged

Unlike most ADRCs, the Duke/UNC ADRC focuses on people who do 
NOT have MCI or dementia.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjN2LOUl-vmAhVpkuAKHXHiB04QjRx6BAgBEAQ&url=https://www.researchgate.net/figure/The-Seven-Pillars-of-Aging_fig1_268443476&psig=AOvVaw3PVfvJxZYcyZiqNRUnk7vX&ust=1578269698167870
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Our goal is to offer unique data to the global fight against AD 

Actively recruiting!
• ~20% UREGs; ~30% from rural zip codes; > 80% donated CSF

Our participants are younger and more 
diverse
• Represent urban and rural populations of North 

Carolina
• Biofluids and data from age 25 to 80
• Peri-menopausal women

Data and samples relevant to MCC
• Retinal imaging, high-res MRI
• Plasma and CSF
• Sensory and mobility measures
• Subsets with actigraphy, menopause data



Memory & Aging Longitudinal Cohort: Target is 420 people age 
45-80
• At least 2/3 have parent with Alzheimer’s disease or a known 

APOEe4 gene
• 320 with normal cognition at time of enrollment

 Currently at n= 335 and counting…

Young Cohort: Target is 100 people age 25-44 for a one-time visit
• Family history of dementia or APOEe4 gene

Currently at 47 and counting…
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Resources for MCC Research: LEARNING Curriculum
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