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This work demonstrates that dopaminergic genes are related to changes in physical activity of older adults in a physical 

activity intervention. A further understanding of how dopaminergic function plays a role in promoting moderate to 
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Abstract 

Background/Objective: Physical activity (PA) interventions increase PA in older adults but effects vary. Dopaminergic 

signaling which is genetically regulated may explain response variability to interventions. We assessed whether 

intervention-induced PA changes in sedentary older adults differed by dopamine-related genotypes. 

Design: The Lifestyle Interventions and Independence for Elders randomized clinical trial (2010-2013).  

Setting: Multicenter study, 8 US locations. 

Participants: Volunteer sample of sedentary adults aged 70-89 at risk for disability (n=1635). 

Interventions: Structured PA versus health education (HE) for average 2.6 years. 

Measurements: Single nucleotide polymorphisms of dopamine-related genes (dopamine receptor (DR) D1, DRD2, DRD3, 

and catechol-O-methyltransferase (COMT)) were assessed. Average moderate to vigorous PA (MVPA) was calculated 

from accelerometry (minutes/day) at baseline, 6-, 12- and 24-months. Between-arm MVPA differences by genotype and 

of genotype with square root transformed MVPA separately by arm were tested, stratified by race and adjusted for 

multiple comparisons. 

Results: White participants in the PA arm (n=513) had higher average log transformed MVPA compared to HE arm 

(n=538; HE mean=4.51 (SD=1.82), PA mean=4.91 (SD=1.91); p=0.001). Between arm differences were greater for DRD2 

Met/Met (high dopamine; mean HE=4.76 (SD=1.80), mean PA=5.53 (SD=1.60); p=0.03) compared to Val/Val (low 

dopamine; mean HE=4.58 (SD=1.92), mean PA=4.81 (SD=1.83); p=0.2); results similar for COMT. Within the PA arm, 

DRD2 Met/Met was associated with higher average MVPA (mean=5.39 (SD=2.00)) compared with Met/Val (mean=4.46 

(SD=2.51); p=0.01) and Val/Val (mean=4.65 (SD=2.71); p=0.01). There were no associations for other genes. Associations 

were non-significant in blacks, but with similar trends. 

Conclusion: Higher dopamine signaling may support changes in PA during an intervention. The role of dopamine-related 

pathways to promote PA participation and enhance response to interventions in sedentary older adults should be 

studied. 

Trial Registration: clinicaltrials.gov Identifier: NCT01072500 

Key words: randomized controlled trial, physical activity, aging, dopamine 
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Introduction 

Physical activity (PA) has well documented benefits for older adults, including reduced risk of disability
1
 and dementia

2
. 

However, physical inactivity and sedentary behavior are still common with only 8.5% of adults aged 60-69 years and 

6.3% of adults 70 years and older meeting the recommended 150 minutes/week of PA
3
. Even with intervention-induced 

increases, PA levels typically wane over time
1
. Identification of phenotypes and mechanisms that explain low response 

to PA interventions may improve promotion efforts. 

 

Dopamine has been theorized to play a role in PA participation
4, 5

. Factors related to PA in older adults
6
, including 

cognitive control
7
, physical function

8
, motivation/reward response

9
, and depressive mood

10
, are regulated by cerebral 

dopaminergic function. Several genes regulate dopaminergic neurotransmission and polymorphisms in these genes have 

functional and behavioral consequences
7, 11, 12

. These genes include those related to dopamine receptor density 

(dopamine receptor (DR) D1, DRD2, DRD3), and metabolism (catechol-O-methyltransferase (COMT)). Prior observational 

studies have largely found no associations between these genes and self-reported PA across the lifespan
13-16

.  However, 

associations with changes in PA during structured interventions have not been studied. 

 

We tested associations of DR and COMT polymorphisms with changes in objectively measured PA in the Lifestyle 

Interventions and Independence for Elders (LIFE) randomized controlled study. LIFE tested a two-year structured PA 1

intervention for prevention of mobility disability in at risk older adults. We hypothesized that genotypes related to 1

higher dopamine function would be associated with greater increases in PA compared to those with genotypes related 1

to lower dopamine function. We further explored individual characteristics that might explain associations between 1

dopamine-related genotypes and PA, including changes in physical and cognitive function and mood. 1

 1

Methods 1

Study population  1

Details of the LIFE study are provided elsewhere
1, 17

. Participants were recruited
18

 at 8 centers across the United States 1

(University of Florida, Gainesville and Jacksonville, Florida; Northwestern University, Chicago, Illinois; Pennington 1
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Biomedical Research Center, Baton Rouge, Louisiana; University of Pittsburgh, Pittsburgh, Pennsylvania; Stanford 1

University, Stanford, California; Tufts University, Boston, Massachusetts; Wake Forest School of Medicine, Winston-1

Salem, North Carolina; Yale University, New Haven, Connecticut). Participants were eligible if they were aged 70-89 1

years, sedentary (reporting <20 minutes/week regular PA in past month), had a Short Physical Performance Battery 1

(SPPB)
19

 score of ≤9, were able to walk 400 meters in less than 15 minutes without assistance, had no major cognitive 1

impairment, and could safely participate in a walking-based PA intervention. A total of 1635 participants were 1

randomized (818 to PA, 817 to health education (HE)) between February 2010 and December 2011.  Institutional Review 1

Boards at all institutions approved the study and all participants provided written informed consent. 1

 1

Participants were excluded from our analyses if they did not have accelerometer data at baseline and at least two 1

additional time points (n=231), if they did not self-identify as black or white race (n=108), or if they were missing 1

genotype data (n=262); categories not mutually exclusive. Genotypes were randomly distributed by intervention arm 1

(Supplemental Table 1). Compared to those excluded, our analytic sample was less likely to be female (p=0.02) or black 1

(p<0.001), had higher baseline Modified Mini-Mental State Examination (3MS) scores (p<0.001), had a faster 400 m walk 1

time (p=0.001), and had higher percentage session attendance for the duration of the intervention (68.4% vs. 40.7%; 1

p<0.001). They did not differ on other characteristics, including change in functional measures (all p>0.11).  1

 1

Participant flow is in Supplemental Figure. 1

 1

Interventions 1

The active intervention period was 24-42 months, averaging 2.6 years, with the end point for these analyses at 24 1

months.  1

 1

The PA intervention consisted of walking (goal of 150 minutes/week), strength, flexibility, and balance training
17

. 1

Participants attended two center-based visits/week and were instructed to complete home-based activities 3-4 1

times/week. The intervention was personalized with a target of 30 minutes of moderate intensity walking/day.  1
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 1

The HE program consisted of weekly workshops on successful aging for the first 26 weeks, followed by monthly sessions. 1

The workshops did not include PA recommendations but included light upper extremity stretching and flexibility 1

exercises. 1

 1

Independent Variable - Dopamine Genotypes 1

DNA samples were genotyped by TaqMan allelic discrimination (Life Technologies/Fisher Scientific, Foster City, CA). PCR 1

primers and probes for COMT single nucleotide polymorphism (SNP) rs4680, DRD1 rs265981, DRD2 rs6275, and DRD3 1

rs6280 SNPs (C__25746809_50, C__11592758_10, C___1011775_20, C___2601173_20, and C____949770_10) TaqMan 1

assays were from Applied Biosystems/Fisher Scientific (Foster City, California, USA). Genotyping assays were performed 1

and analyzed according to manufacturer’s recommendations. Five μL reactions in 384-well plates were prepared using 1

Eppendorf epMotion 5070 (Eppendorf North America, Inc., Westbury, NY, USA), liquid handling/sample processing 1

robotics. Genotype accuracy was verified by genotyping 5–10% randomly selected duplicate samples for each SNP and 1

Hardy-Weinberg analysis. Genotyping was performed at the University of Florida Center for Pharmacogenomics 1

Genotyping Core Laboratory. 1

 1

SNPs and their anticipated effects on the dopaminergic system are outlined in Table 1. COMT is an enzyme that 1

metabolizes dopamine and other monoamines. The methionine (Met) allele of rs4680 is less efficient at producing 1

COMT and consequently, is associated with slower clearance and higher levels of dopamine compared to the valine (Val) 1

allele
20

. The dopamine D1 receptors are involved in the dopaminergic direct pathways, with more receptors leading to 1

greater signaling along these pathways
11

. The DRD1 rs265981 Met allele leads to lower receptor density, lower 1

dopaminergic signaling, and consequently, lower dopamine activity compared to the Val allele
14, 21

. The dopamine D2 1

receptors are both pre- and post-synaptic and act in a self-regulating manner
11

. The Met allele of DRD2 rs6275 is 1

associated with lower receptor density, less self-modulating pre-synaptic activity, and therefore, higher dopamine 1

activity
14

. Finally, dopamine D3 receptors are part of the D2 family and are located primarily in the limbic system. The 1
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glycine (Gly) allele in the DRD3 variant rs6280 demonstrates a 5-fold higher affinity to dopamine binding compared to 1

the serine (Ser) allele
22

, resulting in lower dopaminergic activity.  1

 1

PA Monitoring 1

Participants were to wear an Actigraph GT3X accelerometer on their right hip for 7 consecutive days before 1

randomization and at 6-, 12-, and 24-month follow-up visits. Participants were to remove the device only for sleeping or 1

water activities. Activity during structured PA intervention visits was not recorded. Movement was captured along the 1

vertical axis in 1-minute epochs, and non-wear time was defined as 90 minutes of consecutive zero counts
23

. Analyses 1

were limited to participants with wear-time of at least 600 minutes/day for three or more days (mean daily minutes of 1

wear-time at each visit ranged from 812.8(SD=93.3)-833.8(SD=109.5) and mean valid days at each visit ranged from 1

6.5(SD=2.4)-7.8(3.5)). 1

 1

Dependent Variable – PA   1

The dependent variable was total minutes/day of moderate or vigorous PA (MVPA), defined as time at or above 760 1

counts per minute
24

 from accelerometry. Because meaningful cut-points are established for older adults with physical 1

function limitations, sensitivity analyses considered alternate cut-points of 500 counts/minute (lighter activity), 1041 1

counts/minute, and 1500 counts/minute (more vigorous activity). Differences in associations using different cut points 1

did not change the interpretation of results (data not shown). 1

 1

Covariates 1

Race was self-reported at baseline. Dopamine-related SNP alleles distributions differ by race and PA levels may differ by 1

race; therefore, all analyses were a priori stratified by black and white race to avoid confounding. Other races had 1

samples too small to conduct stratified analyses and were therefore excluded.  1

 1

Age, sex, and highest education level were self-reported at baseline. Body mass index (BMI) in kg/m
2
 used standard 1

measurements for height and weight. History of cardiovascular disease and diabetes were self-reported. Blood pressure 1
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was measured at the upper arm using a standard seated protocol. Intervention adherence was calculated as percentage 1

of sessions attended.  1

 1

Mobility limitations were measured by time to walk 400 meters at usual pace
25

. The SPPB consists of three components 1

measuring lower extremity performance: balance in side-by-side, semi-tandem and tandem positions; 4 meter usual 1

pace gait speed; and 5 repeated chair stands
26

. Each component is assigned a score from 0 (unable to complete) to 4 1

(best performance) and summed to a total score of 0-12. We also considered gait speed (m/s) alone. Global cognitive 1

function was assessed by the 3MS
27

. Composite executive function included average normalized scores from n-back, 1

task-switching, and Flanker tests
28

. Depressive symptoms were assessed using the Center for Epidemiology Studies-1

Depression scale (CES-D)
29

. 1

 1

Executive function, gait speed, and mood are all modulated by the dopaminergic system
7, 8, 10

 and can be modified by 1

PA
30-32

. Therefore, changes in these measures were examined as explanatory factors for the association between 1

genotypes and PA.  2

 2

Statistical analyses 2

Raw minutes of MVPA with standard errors were plotted by study visit and genotype. Raw values were skewed; 2

therefore, statistical comparisons utilized square root transformed values of minutes of MVPA/day. Linear and quadratic 2

models did not fit the shape of the MVPA changes over time, so we used an average value of the transformed MVPA 2

calculated for each participant from baseline-24 months. Interactions of genotype and arm on average MVPA were 2

tested by linear regression. For genotypes with suggested interactions (p<0.2), linear regressions of arm and MVPA were 2

conducted stratified by genotype.  2

 2

Pairwise comparisons of MVPA by genotype within the PA arm were conducted by t-tests. False discovery rate (FDR) 2

adjustment was utilized to account for multiple comparisons across multiple genes. For genotypes that were 2

significantly associated with MVPA, we assessed bivariate associations between genotype and potential explanatory 2
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factors in the covariate section above. Comparisons were conducted using analysis of variance (ANOVA) for continuous 2

variables and chi-square test for categorical ones. Linear regression models were then used to assess the association 2

between genotype and average log transformed MVPA with adjustment for basic demographics (age, gender, clinic site) 2

and for covariates associated with genotype in bivariate analyses at p<0.1. We decided a priori to adjust for changes in 2

gait speed, executive function, and depressive symptoms over 24 months.  All analyses were conducted in 2017 using 2

SAS, version 9.4 (SAS Institute Inc., Cary, NC).  2

 2

Results 2

The analytic sample was 78.8 (SD=5.2) years old on average; 20.0% were black and 64.9% were female.   2

 2

Interactions between study arm and DRD2 (p=0.18) or COMT (p=0.12) genotype were suggestive of a differential 2

intervention effect by genotype in white participants. Mean between-arm differences in MVPA were larger for those 2

with the DRD2 Met/Met genotype (mean HE=4.76 (SD=1.80), mean PA=5.53 (SD=1.60), p=0.03) compared to those with 2

the Met/Val (mean HE=4.38 (SD=1.70), mean PA=4.87 (SD=2.04), p=0.01) or Val/Val genotype (mean HE=4.58 (SD=1.92), 2

mean PA=4.81 (SD=1.83), p=0.2). Similarly, between-arm differences in MVPA were larger for those with the COMT 2

Met/Met genotype (mean HE=4.31 (SD=1.79), mean PA=5.07 (SD=1.83), p=0.001) compared to those with the Met/Val 2

(mean HE=4.56 (SD=1.83), mean PA=4.88 (SD=1.96), p=0.06) or Val/Val genotype (mean HE=4.74 (SD=1.89), mean 2

PA=4.09 (SD=1.21), p=0.2). 2

 2

Raw minutes of PA by genotype for white participants in the PA arm (n=513) are shown in Figure 1 (data in 2

Supplemental Table 2). There were no baseline differences in PA by any genotype (all p>0.1; Table 2). There were 2

significant associations of DRD2 genotype with average MVPA (Table 2). Participants with the Met/Met DRD2 genotype 2

had higher levels of MVPA compared to Met/Val (p=0.01) and Val/Val genotype (p=0.01). No other genotypes were 2

significantly associated with average MVPA (Table 2).  2

 2
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Of the covariates assessed, there was a trend for an association only with history of cardiovascular disease with DRD2 2

genotype (p=0.09; Supplemental Table 3). There were also trends towards maintenance of gait speed in Met/Met 2

genotype compared to declines in the other genotypes (p=0.14). Similarly, there was a trend towards improvement in 2

depressive symptoms for the Met/Met genotype with no change in other genotypes (p=0.18; Supplemental Table 3). 2

Regression models of DRD2 genotype with the average square root minutes of MVPA/day were largely robust to 2

adjustment for basic demographics or cardiovascular disease, though adjustment for demographics did slightly 2

attenuate the difference between Met/Met and heterozygotes (Table 4). Adjustment for either change in executive 2

function or change in depressive symptoms did not alter the results. However, adjustment for change in gait speed did 2

partially attenuate the difference for both Met/Val and Val/Val relative to Met/Met genotype (Table 3). 2

 2

There were no significant associations observed for black participants (Supplemental Tables 4-5). 2

 2

Discussion 2

In an intervention study of older adults at risk for mobility disability, we found that polymorphisms in DRD2 and COMT 2

genes related to higher dopamine signaling, compared to polymorphisms related to lower dopamine signaling, were 2

associated with greater increases in MVPA in the PA compared to the HE arm. Further, DRD2 Met/Met genotype was 2

associated with greater change in MVPA within the PA arm compared to Met/Val and Val/Val genotypes. These 2

differences were not explained by demographic or health characteristics which largely did not differ by genotype. They 2

also were not explained by changes in executive function or mood induced by the intervention, but were somewhat 2

attenuated by changes in gait speed. Differences in PA by DRD2 genotype were not evident at baseline and 2

polymorphisms in COMT, DRD1 and DRD3 genes were not related to MVPA changes in the PA arm. Moreover, the effect 2

was observed for white but not black participants. 2

 2

The Met allele of the rs6275 SNP is associated with lower DRD2 receptor density, resulting in less auto-regulating, pre-2

synaptic activity and higher dopamine signalling
14

. We found that, compared to the Val/Val and Met/Val genotypes, the 2

Met/Met homozygotes had greater average MVPA during the intervention, but there were no differences at baseline. 2
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DRD2 receptors are primarily located within the basal ganglia and are  involved in reward
11

 and motor control
33

. Positron 2

emission studies have shown that DRD2 binding increases after acute bouts of exercise in individuals with Parkinson’s 2

disease
34

 and in methamphetamine users
35

. These results were not observed in young, healthy individuals
36

, suggesting 2

that exercise-induced increases in DRD2 receptor binding occurs only in those with disease-related or pharmacologically-2

induced changes in dopaminergic neurotransmission. Dopaminergic function declines with age
8
, but whether these 2

declines alter DRD2 binding in response to acute bouts of exercise is untested. It is also unknown whether D2 receptor 2

density as determined by genotype may alter D2 binding response to exercise or whether these acute changes in binding 2

potential have long term consequences for maintenance of PA. 2

 2

We further found that that the association of DRD2 with MVPA was partially attenuated by changes in gait speed. With 2

our analyses, we were unable to determine the direction of this association; higher PA could lead to better maintenance 2

of gait speed or greater maintenance of gait speed could allow for greater PA participation
37

. Finally, we found 2

associations only in white but not black participants. It is unclear why, though this is consistent with a prior study that 2

found associations of DRD2 with PA only in whites
16

. We had a small sample of black participants and while the results 2

were not significant, they were in a consistent direction with those for whites, indicating the lack of significant results is 2

likely due to limited power. In addition, blacks may experience more barriers to PA participation
38

 which could eclipse 2

the effects of a single gene. 2

 2

To our knowledge, this is the first study examining dopamine-related genotypes in relation to changes in PA during an 2

intervention. To date, studies
13-16

 of dopaminergic genotypes and PA have been observational and relied on self-2

reported PA. Only one prior study identified an association between DRD2 and amount of PA
16

. Others
13-15

 were unable 2

to replicate this finding or identify associations between other dopamine-related genotypes and PA. The lack of 2

association between DRD2 genotype and PA levels in our baseline data confirm these prior negative findings. The effects 2

of a single genotype on a complex behavior such as PA are expected to be small and may be overshadowed by other 2

behavioral and environmental influences. However, in the presence of a PA intervention that involves scheduled, center-2

based activity with a social group of peers and access to trainers, many of the behavioral and environmental barriers are 2
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removed and the effect of genotype may be more evident. Evidence from intervention trials for neurobiological drivers 2

of PA participation is limited to date. Two recent studies
39, 40

 in older adults have identified grey matter regions related 2

to greater intervention-related exercise class attendance. Both studies identified greater volumes of portions of the 2

prefrontal, parietal, and temporal cortices as important correlates of higher attendance. One study identified greater 2

volume of the basal ganglia, site of DRD2 receptors, as being predictive of greater attendance
40

, but the other study did 2

not
39

. Neither of these studies assessed objectively measured PA levels and no prior studies have assessed 2

neurotransmitter involvement in PA during an intervention.  2

 2

Our study had several limitations, including limited sample sizes in non-white participants. In addition, we lacked power 2

to look at interactions with gender; sex hormones have known effects on dopaminergic function
41

. We hypothesized 2

that one potential pathway would be through motivation and reward pathways; however, we had no measures to test 3

this hypothesis. Finally, we were limited in our measurement of dopaminergic integrity to four genotypes; we did not 3

have direct measures of dopaminergic function, did not test all possible genes related to dopamine, and did not examine 3

interactions between genes. However, our study also had several strengths. Participants came from a rigorous 3

intervention study in which center-based exercise classes were offered that were tailored to the individual and were 3

conducted in group settings with peer support. This may have reduced the barriers to PA participation allowing the small 3

effects of genotypes to become evident. In addition, we had objectively measured PA assessments by accelerometry 3

that reduced the likelihood of misclassification from self-report.  3

 3

Conclusions 3

There is growing interest in understanding neurobiological drivers of PA participation, particularly in older adults. There 3

is strong biological plausibility for involvement of the dopaminergic system in driving PA but there has been little 3

evidence from population studies to confirm this role. While genotypes are not modifiable and these results are 3

preliminary, they do indicate a potential role for the dopaminergic system in PA for older adults in the setting of a 3

structured intervention. Future studies should include direct measurement of dopamine levels via positron emission 3

tomography to further explore the role of dopamine in intervention response. By further understanding this mechanism, 3
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we may be able to develop methods to harness the dopaminergic system, including individualized pharmacotherapy, to 3

increase and maintain PA participation in older adults. 3

  3
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 4

Table 1. Dopamine-related single nucleotide polymorphisms (SNPs) and their hypothesized effects on the dopaminergic 4

system. 4

Gene Variant Allele Effect on Dopaminergic System Effect on Dopamine 

Synaptic Levels or 

Signaling Relative to 

Alternate Allele 

COMT rs4680 Met Slower metabolism of dopamine Higher 
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DRD1 rs265981 Met Lower DRD1 expression Lower 

DRD2 rs6275 Met Lower DRD2 expression, lower 

inhibitory feedback 

Higher 

DRD3 rs6280 Gly Higher binding affinity, lower 

transmission 

Lower 

 4

 4

  4
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Table 2. Pairwise comparisons of average square root minutes of moderate to vigorous physical activity (MVPA)/day 4

(baseline-24 months) for white participants in the physical activity arm of the LIFE study (n=513). 4

 4

 Val/Val
a 

Met/Val
b 

Met/Met
c 

P-values 

a
 vs 

b
 

P-values 

a
 vs 

c 

P-values 

b
 vs 

c
 

 Mean (SD) Mean (SD) Mean (SD)    

COMT n=118 n=254 n=141    

Baseline MVPA 4.43 (1.90) 4.77 (2.09) 4.73 (1.97) 0.27 0.75 0.77 

Average MVPA 4.52 (2.70) 4.58 (2.51) 4.77 (2.34) 0.17 0.80 0.77 

DRD1* n=211 n=228 n=71    

Baseline MVPA 4.73 (1.91) 4.67 (2.09) 4.66 (2.13) 0.67 0.73 0.94 

Average MVPA 4.77 (2.48) 4.55 (2.59) 4.75 (2.89) 0.63 0.99 0.99 

DRD2 n=248 n=215 n=50    

Baseline MVPA 4.61 (1.95) 4.71 (2.11) 5.06 (1.94) 0.71 0.16 0.30 

Average MVPA 4.65 (2.71) 4.46 (2.51) 5.39 (2.00) 0.91 0.01 0.01 

       

 Ser/Ser
a 

Ser/Gly
b 

Gly/Gly
c 

   

DRD3* n=41 n=239 n=228    

Baseline MVPA 4.51 (2.48) 4.69 (1.99) 4.73 (1.96) 0.11 0.97 0.64 

Average MVPA 4.42 (3.15) 4.65 (2.43) 4.73 (2.51) 0.24 0.83 0.83 

p-values are false discovery rate adjusted to account for multiple comparisons. 4

* n=3 were missing data for DRD1 genotype and n=5 were missing data for DRD3 genotype 4

  4
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Table 3. Linear regression of average square root minutes of moderate physical activity (MVPA)/day from baseline-24 4

months by genotype for white participants in the physical activity arm of the LIFE study. 4

 4

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

 β p-

value 

β p-

value 

β p-

value 

β p-

value 

β p-

value 

β p-

value 

Val/Val -0.72 0.02 -0.66 0.02 -0.77 0.01 -0.56 0.05 -0.79 0.01 -0.79 0.01 

Met/Val -0.66 0.03 -0.50 0.08 -0.67 0.02 -0.54 0.06 -0.70 0.03 -0.76 0.02 

Met/Met Ref  Ref  Ref  Ref  Ref  Ref  

 4

Model 1: unadjusted;  4

Model 2: adjusted for clinical site, age, gender; 4

Model 3: history of CVD;  4

Model 4: change in gait speed over 24 months; 4

Model 5: change in executive function over 24 months; 4

Model 6: change in CES-D score 4

 4

  4
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Figure 1. Median (standard error) of minutes of moderate physical activity (MVPA )/day by time period for whites in the 4

physical activity arm of the LIFE study (n=513) by A) COMT, B) DRD1, C) DRD2, and D) DRD3 genotypes. For all, the 4

genotype associated with the highest dopamine signaling is shown in a solid line and the lowest dopamine signaling in 4

the short dashed line. Heterozygotes are shown in the long dashed line. 4

  4
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Supplemental Material 4

Supplemental Table 1. Distribution of dopamine-related genotypes by intervention arm of the LIFE study (n=1,281).  4

Supplemental Table 2. Median (IQR) total minutes at moderate activity/day by dopamine-related genotype for whites in 4

the physical activity arm of the LIFE study (n=513). 4

Supplemental Table 3. Demographic, health, and functional characteristics for 513 white participants in the physical 4

activity arm of the LIFE study by DRD2 genotype. 4

Supplemental Table 4. Median (IQR) total minutes at moderate activity/day by dopamine-related genotype for blacks in 4

the physical activity arm of the LIFE study (n=128). 4

Supplemental Table 5. Pairwise comparisons of the average of the square root minutes of moderate physical activity 4

(PA)/day during the active intervention period (baseline-24 months) for black participants in the physical activity arm of 4

the LIFE study (n=128). 4

Appendix: Research Investigators for the LIFE Study 4

Supplemental Figure. Flow of participants through the LIFE study 4
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Supplemental Table 1. Distribution of dopamine-related genotypes by intervention arm of the LIFE study 

(n=1,281).  

 Successful Aging 

Arm 

n=640 

Physical Activity 

Arm 

n=641 

p-value* 

COMT 

           Val/Val 

           Met/Val 

           

Met/Met 

 

196 (30.6%) 

283 (44.2%) 

158 (24.7%) 

 

176 (27.5%) 

307 (47.9%) 

157 (24.5%) 

0.36 

DRD1 

           Val/Val 

           Met/Val 

           

Met/Met 

 

284 (44.4%) 

267 (41.7%) 

86 (13.4%) 

 

315 (49.1%) 

252 (39.3%) 

73 (11.4%) 

0.21 

DRD2 

           Val/Val 

           Met/Val 

           

Met/Met 

 

274 (42.8%) 

272 (42.5%) 

94 (14.7%) 

 

273 (42.6%) 

278 (43.4%) 

90 (14.0%) 

0.93 

DRD3 

           Ser/Ser 

           Ser/Gly 

           Gly/Gly 

 

107 (16.7%) 

266 (41.6%) 

259 (40.5%) 

 

97 (15.1%) 

289 (45.1%) 

248 (38.7%) 

0.43 

* from chi-square test 
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genotype for whites in the physical activity arm of the LIFE study (n=513). 

 

 Val/Val Met/Val Met/Met 

COMT 

Enrollment Visit 19.9 (21.1) 22.4 (24.7) 19.8 (24.8) 

6-month Visit 23.7 (24.1) 27.5 (28.7) 28.0 (25.6) 

12-month Visit 20.8 (31.0) 21.2 (31.9) 27.0 (29.4) 

24-month Visit 19.2 (24.9) 17.0 (26.6) 23.0 (30.5) 

DRD1 

Enrollment Visit 22.5 (21.3) 19.4 (22.9) 18.8 (31.1) 

6-month Visit 28.3 (27.2) 27.2 (27.8) 24.4 (28.3) 

12-month Visit 23.5 (30.7) 21.3 (31.8) 22.6 (28.6) 

24-month Visit 17.8 (24.7) 19.4 (28.3) 18.8 (26.5) 

DRD2 

Enrollment Visit 20.4 (23.1) 21.7 (22.4) 22.0 (24.8) 

6-month Visit 27.7 (28.7) 26.0 (28.3) 31.0 (29.2) 

12-month Visit 20.8 (29.0) 22.5 (29.6) 30.0 (31.9) 

24-month Visit 18.0 (27.5) 17.3 (24.4) 31.1 (28.9) 

 Ser/Ser Ser/Gly Gly/Gly 

DRD3 

Enrollment Visit 13.0 (26.0) 21.0 (22.3) 22.5 (24.6) 

6-month Visit 19.7 (31.9) 26.5 (28.2) 28.6 (26.6) 

12-month Visit 21.2 (36.7) 23.1 (27.8) 22.2 (32.4) 

24-month Visit 16.1 (23.4) 19.4 (29.6) 18.3 (25.5) 
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the physical activity arm of the LIFE study by DRD2 genotype. 

 

 Val/Val 

n=248 

Met/Val 

n=215 

Met/Met 

N=50 

p-value 

 Mean (SD) or N 

(%) 

Mean (SD) or N 

(%) 

Mean (SD) or N 

(%) 

 

Baseline Characteristics     

Age 79.1 (5.2) 79.7 (5.1) 78.4 (4.5) 0.19 

Female sex 158 (63.7) 124 (57.7) 28 (56.0) 0.33 

Education (≤high school) 82 (33.1) 73 (34.1) 18 (36.0) 0.92 

BMI 29.7 (5.8) 29.6 (5.3) 30.7 (6.4) 0.49 

History of cardiovascular 

disease 

59 (23.8) 69 (32.1) 17 (34.0) 0.09 

History of diabetes  53 (21.4) 54 (25.1) 15 (30.0) 0.35 

Average SBP 125.4 (17.7) 127.7 (18.1) 128.8 (19.1) 0.26 

Average DBP 68.2 (9.9) 68.8 (10.2) 70.5 (11.2) 0.34 

SPPB total score 7.6 (1.5) 7.4 (1.6) 7.5 (1.6) 0.20 

400 m walk time (sec) 492.5 (106.9) 498.1 (113.0) 500.0 (118.2) 0.83 

Gait speed (m/s) 0.85 (0.17) 0.84 (0.16) 0.84 (0.17) 0.85 

3MS score 92.8 (4.9) 92.5 (5.2) 92.0 (4.9) 0.58 

Executive function 0.06 (1.07) 0.06 (1.11) 0.07 (1.08) 0.99 
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tCES-D score 7.9 (7.6) 8.2 (7.0) 8.4 (8.8) 0.89 

Change in Function     

Change in gait speed 

(m/s) 

-0.05 (0.15) -0.05 (0.15) -0.01 (0.11) 0.14 

Change in executive 

function score 

-0.03 (0.69) -0.10 (0.74) -0.18 (0.58) 0.37 

Change in CES-D score 0.9 (7.7) 0.1 (7.213) -1.3 (7.0) 0.18 

Percentage session 

attendance 

61 (26) 58 (27) 64 (24) 0.56 

 

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; SPPB = short 

physical performance battery; 3MS = Modified Mini-Mental State Examination; CES-D = Center for 

Epidemiology Studies-Depression scale 
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genotype for blacks in the physical activity arm of the LIFE study (n=128). 

 

 Val/Val Met/Val Met/Met 

COMT 

Enrollment Visit 24.4 (29.5) 26.3 (25.3) 26.2 (24.3) 

6-month Visit 21.0 (17.5) 30.3 (25.4) 30.5 (23.0) 

12-month Visit 30.7 (27.1) 28.0 (27.8) 21.5 (39.5) 

24-month Visit 21.5 (28.4) 24.7 (33.0) 17.2 (15.8) 

DRD1 

Enrollment Visit 24.7 (29.2) 29.2 (19.8) 42.6 (38.4) 

6-month Visit 27.4 (29.5) 31.0 (19.9) 36.3 (36.4) 

12-month Visit 26.0 (30.1) 37.9 (28.3) 39.0 (22.0) 

24-month Visit 17.9 (26.5) 24.7 (25.6) 36.8 (21.0) 

DRD2 

Enrollment Visit 25.5 (18.0) 24.3 (25.5) 28.8 (39.1) 

6-month Visit 29.4 (30.8) 25.3 (17.7) 36.0 (29.4) 

12-month Visit 27.2 (33.2) 22.0 (27.3) 38.3 (27.8) 

24-month Visit 28.3 (35.5) 16.5 (20.3) 27.5 (29.0) 

 Ser/Ser Ser/Gly Gly/Gly 

DRD3 

Enrollment Visit 24.9 (28.7) 26.6 (23.7) 19.2 (21.3) 

6-month Visit 27.1 (23.4) 28.5 (25.4) 29.4 (25.9) 

12-month Visit 30.6 (29.1) 28.0 (32.2) 26.0 (29.2) 

24-month Visit 16.5 (26.3) 25.9 (29.0) 17.5 (35.6) 
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tSupplemental Table 5. Pairwise comparisons of the cumulative average of the square root minutes of 

moderate physical activity (PA)/day during the active intervention period (baseline-24 months) for black 

participants in the physical activity arm of the LIFE study (n=128). 

 

 Val/Val
a 

Met/Val
b 

Met/Met
c 

P-values 

a
 vs 

b
 

P-values 

a
 vs 

c 

P-values 

b
 vs 

c
 

 Mean (SD) Mean 

(SD) 

Mean (SD)    

COMT n=59 n=53 n=16    

Baseline PA 5.13 (2.04) 5.34 

(2.00) 

5.25 

(1.85) 

0.89 0.89 0.89 

Cumulative average 

PA 

5.32 (2.31) 5.32 

(2.31) 

4.88 

(1.67) 

0.89 0.89 0.89 

DRD1 n=96 n=27 n=5    

Baseline PA 5.08 (1.91) 5.88 

(2.27) 

5.76 

(1.56) 

0.84 0.84 0.84 

Cumulative average 

PA 

4.97 (2.31) 5.65 

(2.05) 

5.32 

(2.81) 

0.84 0.84 0.84 

DRD2 n=25 n=63 n=40    

Baseline PA 5.10 (1.85) 5.18 

(2.00) 

5.43 

(2.10) 

0.87 0.47 0.65 

Cumulative average 

PA 

5.32 (2.12) 4.93 

(2.18) 

5.66 

(2.46) 

0.28 0.21 0.61 

       

 Ser/Ser
a 

Ser/Gly
b 

Gly/Gly
c 

   

DRD3 n=45 n=60 n=23    

Baseline PA 4.94 (1.93) 5.28 

(1.93) 

5.54 

(1.89) 

0.57 0.39 0.57 

Cumulative average 

PA 

4.74 (2.21) 5.27 

(2.18) 

5.48 

(2.15) 

0.39 0.39 0.39 

p-values are false discovery rate adjusted to account for multiple comparisons. 
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tAppendix: Research Investigators for the LIFE Study 

 

Administrative Coordinating Center, University of Florida, Gainesville, FL 

Marco Pahor, MD – Principal Investigator of the LIFE Study 

Jack M. Guralnik, MD, PhD – Co-Investigator of the LIFE Study (University of Maryland 

School of Medicine, Baltimore, MD) 

Christiaan Leeuwenburgh, PhD 

Connie Caudle 

Lauren Crump, MPH 

Latonia Holmes 

Jocelyn Lee, PhD 

Ching-ju Lu, MPH 

 

 

Data Management, Analysis and Quality Control Center, Wake Forest University, 

Winston Salem, NC 

Michael E. Miller, PhD – DMAQC Principal Investigator 

Mark A. Espeland, PhD – DMAQC Co-Investigator 

Walter T. Ambrosius, PhD 

William Applegate, MD 

Daniel P. Beavers, PhD, MS 

Robert P. Byington, PhD, MPH, FAHA 

Delilah Cook, CCRP 

Curt D. Furberg, MD, PhD 

Lea N. Harvin, BS 

Leora Henkin, MPH, Med 

John Hepler, MA 

Fang-Chi Hsu, PhD 

Laura Lovato, MS 

Wesley Roberson, BSBA 

Julia Rushing, BSPH, MStat 

Scott Rushing, BS 

Cynthia L. Stowe, MPM 

Michael P. Walkup, MS 

Don Hire, BS 

W. Jack Rejeski, PhD 

Jeffrey A. Katula, PhD, MA 

Peter H. Brubaker, PhD 

Shannon L. Mihalko, PhD 

Janine M. Jennings, PhD 

 

National Institutes of Health, Bethesda, MD 

Evan C. Hadley, MD (National Institute on Aging) 

Sergei Romashkan, MD, PhD (National Institute on Aging) 

Kushang V. Patel, PhD (National Institute on Aging) 

 

National Heart, Lung and Blood Institute, Bethesda, MD 

Denise Bonds, MD, MPH 
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Field Centers 

Northwestern University, Chicago, IL 

Mary M. McDermott, MD – Field Center Principal Investigator 

Bonnie Spring, PhD – Field Center Co-Investigator 

Joshua Hauser, MD – Field Center Co-Investigator 

Diana Kerwin, MD – Field Center Co-Investigator 

Kathryn Domanchuk, BS 

Rex Graff, MS 

Alvito Rego, MA 

Pennington Biomedical Research Center, Baton Rouge, LA 

Timothy S. Church, MD, PhD, MPH – Field Center Principal Investigator 

Steven N. Blair, PED (University of South Carolina) 

Valerie H. Myers, PhD 

Ron Monce, PA-C 

Nathan E. Britt, NP 

Melissa Nauta Harris, BS 

Ami Parks McGucken, MPA, BS 

Ruben Rodarte, MBA, MS, BS 

Heidi K. Millet, MPA, BS 

Catrine Tudor-Locke, PhD, FACSM 

Ben P. Butitta, BS 

Sheletta G. Donatto, MS, RD, LDN, CDE 

Shannon H. Cocreham, BS 

 

Stanford University, Palo Alto, CA 

Abby C. King, PhD – Field Center Principal Investigator 

Cynthia M. Castro, PhD 

William L. Haskell, PhD 

Randall S. Stafford, MD, PhD 

Leslie A. Pruitt, PhD 

Kathy Berra, MSN, NP-C, FAAN 

Veronica Yank, MD 

Tufts University, Boston, MA 

Roger A. Fielding, PhD – Field Center Principal Investigator 

Miriam E. Nelson, PhD – Field Center Co-Investigator 

Sara C. Folta, PhD – Field Center Co-Investigator 

Edward M. Phillips, MD 

Christine K. Liu, MD 

Erica C. McDavitt, MS 

Kieran F. Reid, PhD, MPH 

Dylan R. Kirn, BS 

Evan P. Pasha, BS 

Won S. Kim, BS 

Vince E. Beard, BS 

Eleni X. Tsiroyannis, BS 

Cynthia Hau, BS, MPH 
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University of Florida, Gainesville, FL 

Todd M. Manini, PhD – Field Center Principal Investigator 

Marco Pahor, MD – Field Center Co-Investigator 

Stephen D. Anton, PhD 

Susan Nayfield, MD 

Thomas W. Buford, PhD 

Michael Marsiske, PhD 

Bhanuprasad D. Sandesara, MD 

Jeffrey D. Knaggs, BS 

Megan S. Lorow, BS 

William C. Marena, MT, CCRC 

Irina Korytov, MD 

Holly L. Morris, MSN, RN, CCRC (Brooks Rehabilitation Clinical Research Center, 

Jacksonville, FL) 

Margo Fitch, PT (Brooks Rehabilitation Clinical Research Center, Jacksonville, FL) 

Floris F. Singletary, MS, CCC-SLP (Brooks Rehabilitation Clinical Research Center, 

Jacksonville, FL) 

Jackie Causer, BSH, RN (Brooks Rehabilitation Clinical Research Center, Jacksonville, 

FL) 

Katie A. Radcliff, MA (Brooks Rehabilitation Clinical Research Center, Jacksonville, FL) 

 

University of Pittsburgh, Pittsburgh, PA 

Anne B. Newman, MD, MPH – Field Center Principal Investigator 

Stephanie A. Studenski, MD, MPH – Field Center Co-Investigator 

Bret H. Goodpaster, PhD 

Nancy W. Glynn, PhD 

Oscar Lopez, MD 

Neelesh K. Nadkarni, MD, PhD 

Kathy Williams, RN, BSEd, MHSA 

Mark A. Newman, PhD 

George Grove, MS 

Janet T. Bonk, MPH, RN 

Jennifer Rush, MPH 

Piera Kost, BA (deceased) 

Diane G. Ives, MPH 

 

Wake Forest University, Winston Salem, NC 

Stephen B. Kritchevsky, Ph.D. – Field Center Principal Investigator 

Anthony P. Marsh, PhD – Field Center Co-Investigator 

Tina E. Brinkley, PhD 

Jamehl S. Demons, MD 

Kaycee M. Sink, MD, MAS 

Kimberly Kennedy, BA, CCRC 

Rachel Shertzer-Skinner, MA, CCRC 

Abbie Wrights, MS 

Rose Fries, RN, CCRC 

Deborah Barr, MA, RHEd, CHES 
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Yale University, New Haven, CT 

Thomas M. Gill, MD – Field Center Principal Investigator 

Robert S. Axtell, PhD, FACSM – Field Center Co-Investigator (Southern Connecticut 

State University, Exercise Science Department) 

Susan S. Kashaf, MD, MPH (VA Connecticut Healthcare System) 

Nathalie de Rekeneire, MD, MS 

Joanne M. McGloin, MDiv, MS, MBA 

Karen C. Wu, RN 

Denise M. Shepard, RN, MBA 

Barbara Fennelly, MA, RN 

Lynne P. Iannone, MS, CCRP 

Raeleen Mautner, PhD 

Theresa Sweeney Barnett, MS, APRN 

Sean N. Halpin, MA 

Matthew J. Brennan, MA 

Julie A. Bugaj, MS 

Maria A. Zenoni, MS 

Bridget M. Mignosa, A 
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*Numbers for missing data on accelerometry and genotype are not mutually exclusive.  

SPPB=short physical performance battery 

14831 Patients assessed for eligibility 

13196 Excluded 

 2654 SPPB too high 

2422 Currently exercising too frequently 

2321 Plan to move within 24 months 

626 Currently mobility disabled 

611 Morbidity exclusions 

437 Other reasons 

4125 Chose not to continue 

1635 Randomized 

817 Randomized to health education 

 805 received intervention 

12 did not receive 

intervention (reasons 

unknown) 

818 Randomized to physical activity 

800 received intervention 

18 did not receive intervention 

 10 reason unknown 

 4 health reason 

 1 physician advice 

 2 too busy 

 1 dissatisfied 

513 White participants analyzed 

 85 missing accelerometer data* 

 91 missing genotype data* 

128 Black participants analyzed 

80 missing accelerometer data* 

 43 missing genotype data* 

 

3 non-white, non-black 

participants excluded 

 

538 white participants analyzed 

 89 missing accelerometer data* 

 93 missing genotype data* 

98 Black participants analyzed 

81 missing accelerometer data* 

 34 missing genotype data* 

 

2 non-white, non-black 

participants excluded 
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