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INDIVIDUAL CHOICE 

SMOKING 

EXERCISE 

DIET (OVER- AND  UNDER-NUTRITION) 

DIET QUALITY (ESSENTIAL VITAMINS) 

ALCOHOL INTAKE 

DRUG INTAKE (OTC AND PRESCRIPTION) 

SLEEP 

STRESS 

PSYCHOSOCIAL 

MARITAL STATUS 

 

 

 

 

VISITED ON THE INDIVIDUAL 

WATER QUALITY 

INTERNET AVAILABILITY 

LOCAL/GLOBAL ECOLOGY 

IONIZING RADIATION 

POVERTY 

EDUCATIONAL OPPORTUNITY 

EMPLOYMENT 

URBANICITY (OVERCROWDING) 

MATERNAL EXPOSURES (PERINATAL) 

LACK OF MEDICAL FACILITIES 

 

 

WITHIN THE INDIVIDUAL 

MICROBIOME 

INFLAMMATION (ACUTE PHASE PROTEINS) 

MULTIMORBIDITY (DIABETES, HTN) 

GENDER 

RACE 

ALLERGIC PROFILE 

ADL/IADL 

STRENGTH 

 

 

 

 

ENVIRONMENTAL FACTORS 



Interactions-think influential subgroups fooling with your results!!!! 



Observed effect 

Subgroup 1 - Healthy 

Subgroup 2 - Frail 
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Effects obscured by interaction 

Cholesterol level 



Interaction is all about stratification and occurs when an 

exposure has a different effect among different subgroups.   

Confounding occurs when a factor is associated with both 

the exposure and the outcome but does not lie on the 

causative pathway. 

Does adjustment for confounders address this problem? 



OUTCOMES 

“HEALTHY” 

“USUAL” 

“FRAIL” 

Genes, 
health 
behaviors, 
education, 
life events 

As populations age, there are more distinct differences between subgroups.   

 

Interactions may become more common in old age.   Lack of identification of 

these subgroups can lead to false results and inappropriate preventive 

strategies. 

           Example:  Low cholesterol has a  

           different effect among frail than  

           among healthy 



Literature: 

 

Treated blood 

pressure in older, 

frailer persons has  

more complications 

and benefits are 

unclear 

POLICY: 
 
Concern that 2014 
initiation/treatment 
recommendations 
differ for persons 
aged 60 or older 
 
IS DIFFERENTIAL 
TREATMENT BY AGE 
OR FUNCTION 
WARRANTED? SPRINT TRIAL 

≥75 years old 

Blood pressure example: 



Interaction by HIV status on gender for femoral neck BMD 



Interaction by gender on SES deprivation for hip fracture 



Interaction of low weight over time for hip fracture among diabetics 



Interaction of age and cirrhotic status for hip fracture 





Interaction of weight change and age on body composition change 



Most analytic methods can be adapted for assessment of  

interactions or subgroup identification. 

 

Some additional methods include: 

 

Stratification (a priori hypotheses versus exploratory) 

 

Life course 

 

Mixed models (assessment of interaction by time) 

 

Classification trees 

 

Major problem is power 

 

 



Knowledge Gaps: 

 

• The incidence of hip and fragility fractures by health status has 

been explored as well as differences in recovery rates and factors 

contributing to the recovery or lack thereof.   

 

• Relatively little has been done in assessment of subgroups in 

relation to biomarkers contributing to fracture. 

 

• Whether there are augmented treatment strategies for selected 

high risk subgroups is a knowledge gap. 

 

Similar gaps apply to muscle and adipose interactions. 

    



Research Opportunities: 

 

• Thus far, primarily gene-environment or gene-risk factors 

interactions have been assessed.  Other interactions bear 

assessment, particularly with relatively new biomarkers. 

 

• Application of state-of-the-art methods for assessment of 

environmental interactions with bone, muscle, and adipose should 

be pursued. 

 

• Exploration of race/ethnicity interactions may provide new insights 

especially comparisons in populations where naturally-occurring 

differences in risk factors occur including walking, smoking  

 



Thank you for your attention! 





What are interactions/effect modifications? 
 

In general, the effect of one exposure may depend in some way on 

the presence or absence of another exposure.  

 

Additive – the effect of two factors added together exceeds the 

effect of each individually (>0=positive additive interaction, 

<0=negative) 

 

 

Multiplicative – the effect of two factors multiplied together exceeds 

the effect of each individually  (>1=positive multiplicative 

interaction, <0=negative) 

 

Any type of study, particularly genetic epidemiology   



20 30 40 50 60 70 80 

Age 

Geriatric 
Older 
age Young and middle adult life 

Childhood 
adolescence 

Periods of Risk Associated with Lifelong Weight Pattern 



SPECIAL ISSUES IN OLD AGE: 

 

REVERSE CAUSATION   (LOW BLOOD PRESSURE IS 

BAD FOR YOU AND HIGH BLOOR PRESSURE IS 

PROTECTIVE)  WEIGHT, CHOLESTROL 

 

PROXIMATE EVENTS LIKE DISEASE AND DISABILITY 

 

MULTIMORBIDITY 

 

CRITICAL WINDOWS FOR EXPOSURES 





Biomarkers Principal components analysis to identify 

subgroups 



Comparison of risks by age, women 

Body mass index (kg/m2) 
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Why gender differences in energy expenditure? 

If not exercise, what preserves muscle and muscle function in old age? 









EXPOSURES OUTCOMES 

        LIFE 

Why are interactions important? 



SPECIAL ISSUES IN OLD AGE: 

 

REVERSE CAUSATION   (LOW BLOOD PRESSURE IS 

BAD FOR YOU AND HIGH BLOOR PRESSURE IS 

PROTECTIVE)  WEIGHT, CHOLESTROL 

 

PROXIMATE EVENTS LIKE DISEASE AND DISABILITY 

 

MULTIMORBIDITY 

 

CRITICAL WINDOWS FOR EXPOSURES 







Group  based trajectory method: 





Health ABC markers that strongly 

predict overall mortality 

Septiles of increasing value 

Kritchevsky S 





Walking is a key component of physical independence 



Differentiating “Age-associated” from Aging”  







MEASUREMENT ERROR 

HOW TO CAPTURE THE EXPOSURE OF INTEREST 

 

INFLAMMATION AND MEASUREMENT OF C-REACTIVE PROTEIN AND INTERLEUKIN-6 

 

DIET 

 

ENVIRONMENTAL EXPOSURES 

 

SMOKING 

 

IN UTERO 

 

EXERCISE 

. Large-scale sequencing of bacterial genomic and 
metagenomic DNA indicates that the traditional, pure culture–
based approach to studying bacterial natural products has 
provided access only to a small fraction of the diverse 
metabolites encoded by environmental microbiomes. Studies 
suggest that in most environments, uncultured bacteria 
outnumber their cultured counterparts by at least two orders 
of magnitude. 
  



HOW DOES THE EXPOSURE RELATE TO THE OUTCOME 

 

TIME-COURSE 

 

RADIATION AND INCIDENCE OF BREAST CANCER IN 

JAPAN 

 

CHILDHOOD AND MENTAL ILLNESS 

 

CHILDHOOD AND ADULT OUTCOMES OF OBESITY 

 

 



TRUTH 

Assay range 

Timing of assessment 

Processing 

Recall and other biases 
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HOW DOES THE EXPOSURE RELATE TO THE OUTCOME 

 

TIME-COURSE 

 

RADIATION AND INCIDENCE OF BREAST CANCER IN 
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Timing of assessment 

Processing 

Recall and other biases 

 



Thank you for your attention! 











INDIVIDUAL CHOICE 

 

SMOKING 

EXERCISE 

DIET (OVER- AND CALORIC RESTRICTION) 

DIET QUALITY (ESSENTIAL VITAMINS) 

ALCOHOL INTAKE 

DRUG INTAKE (OTHERWISE AND 

PRESCRIPTION) 

SLEEP 

STRESS 

PSYCHOSOCIAL 

MARITAL STATUS 

 

 

 



VISITED ON THE INDIVIDUAL 

 

WATER QUALITY 

INTERNET AVAILABILITY 

LOCAL ECOLOGY 

GLOBAL ECOLOGY 

IONIZING RADIATION 

POVERTY 

EDUCATIONAL OPPORTUNITY 

EMPLOYMENT 

URBANICITY (OVERCROWDING) 

MATERNAL EXPOSURES (PERINATAL) 

LACK OF MEDICAL FACILITIES 

 

 



WITHIN THE INDIVIDUAL 

 

GUT MICROBIOME 

INFLAMMATION (ACUTE PHASE PROTEINS) 

MULTIMORBIDITY (DIABETES, CYSTIC FIBROSIS, 

HTN) 

GENDER 

RACE 

ALLERGIC PROFILE 

ADL/IADL 

STRENGTH 

 

 

 

 





Weight Change and Health in Women not Overweight at 
Age 18  

 
Iowa Women’s Study 

Stable 

Continuous weight gain 

Weight gain maintenance 

Weight loss regain 

Weight loss maintenance 

1.0 

6.6* 

3.8* 

2.3* 

0.6 

Diabetes 

French, Jeffery, Folsom et al. Inter J Obesity 1996;303. 

1.0 

3.2* 

1.8* 

1.8* 

0.8 

High blood 
pressure 

1.0 

2.0* 

1.6* 

1.9* 

1.3 

Heart attack 

1.0 

2.1* 

1.3* 

1.7* 

1.1 

Fair/poor 
health 

* p<.01 



Lifetime Weight Patterns Based on Percentile Distributions 
in 3,611 Japanese-American Men 

Age 

(Exam 1) (Exam 4) (reported) 
25 52 77 
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(Exam 1) (Exam 4) (reported) 
25 52 77 
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5% 

10% 

4% 

10%!! 
29% 

3% 

7% 

23% 

9% 

Age 

YOUTH- from 25 to midlife: 61% gain, 27% stable, 12% lose 

From midlife to old age:       19% gain, 27% stable, 44% lose 

Honolulu Heart Study – Honolulu Asia Aging Study 



Adams et al.  NEJM 2006; 763 

Use of midlife weight to predict old age outcomes gives 
estimates that are less affected by health status in old age 



Aging-Prevention Paradigm 

Among healthy 

 

Among ‘at risk’ 

 

 

Among frail 

prevent disease 

 

stabilize disease, 

prevent disability 

 

prevent progression 

of disability 

Holistic gerontological perspective expressed in the Health ABC Study  



Increasingly anabolic hormonal milieu  



        Men      Women 

    White Black  White Black 

Characteristic   (939) (552)  (855) (729) 

BMI    27.0 27.2  26.0 29.7 

Percent fat   29.9 28.0  40.0 41.0 

Lean mass  in cm2  127 139  85 101 
 

 

Days hospitalized (mean) 3.8 4.9  3.8 4.8 

Percent hypertensive   69  82   70  86 

Baseline Characteristics of the Health ABC cohort 

< HS education    14 49*  10 38* 

 

Good/F/P   47 65*  50 67* 



Functional limitation:  Difficulty walking ¼ mile or up 10 steps reported 

consistently over a 6-month period 

Over 13 years of follow-up, percent incident functional limitation 

 

         

 

White  men  67  White women 72  

 

Black  men  73    Black women 80 

 

 

 



CT properties of muscle-  a combination  

      of science and serendipity 



MUSCLE 

Reciprocity between muscle and adipose 



Contribution to performance measures 



Measuring fitness in older adults:  The Health ABC Long Distance 

     Corridor Walk 

 
Simsonick, Montgomery, Newman, Bauer, and Harris.  JAGS 49:1544, 2001. 

444 
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Years of Follow-up

>770 kcal/day

521-770 kcal/day

<521 kcal/day

Adjusting for Age, Sex, Race & Site 

>770 kcal/d           HR=1.00 

521-770 kcal/d      HR=0.74 (0.49-1.13) 

<521 kcal/d           HR=0.59 (0.37-0.95) 

Lower daily free-living activity energy expenditure 
increases risk of death- doubly labeled water 

Manini et al. 2006 



“How dangerous are those extra pounds?  A new study shows that being pleasantly plump may 

     actually be good for you.” 

    Gina Kolata    AARP Bulletin, June 21, 2005 

Paradoxical Risk Factors in Old Age 



Stevens J NEJM 1998 

 

Analysis in a healthier 

population-American 

Cancer Society cohort 
 

 

Risk of death 

associated with 

thinner BMI increases 

with age. 

 

Risk of death 

associated with 

heavier BMI flattens 

with age 
 

 

 

 

















Similarities and differences between muscle fat 

and bone fat 

Response to treatment 

Resistance exercise 

Impact exercise 

1,25 Dihydroxy Vitamin D3 

Estrogen/ more specific Rx 

Alendronate 

Resveratrol 

Endocannabinoid receptor antagonists 

Vibration (mechanical signals) 

 



Where to in the future? 

Key events that might alter muscle mass, strength and 
attenuation: 

Periods of bed rest – hospitalizations 

Sprains, strains and fractures 

Unsupervised weight loss (maximum weight) 

Elective surgery 

Retirement 

 

Interventions – Create “noise” in muscle 

Non-pharmacologic –  Electrical stimulation 

    Low oscillation, high frequency vibration 

    Exercise -Tai Chi, resistance exercise, impact 

Pharmacologic 




