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Abstract

Introduction—Little research to date has explored typologies of physical activity among older 

adults. An understanding of physical activity patterns may help to both determine the health 

benefits of different types of activity and target interventions to increase activity levels in older 

adults. This analysis, conducted in 2014, used a latent class analysis approach to characterize 

patterns of physical activity in a cohort of older adults.

Methods—A total of 3,497 men and women aged 65–75 years living in New York City 

completed the Physical Activity Scale for the Elderly (PASE) in 2011. PASE scale items were 

used to classify subjects into latent classes. Multinomial regression was then used to relate 

individual and neighborhood characteristics to class membership.

Results—Five latent classes were identified: “least active,” “walkers,” “domestic/gardening,” 

“athletic,” and “domestic/gardening athletic.” Individual-level predictors, including more 

education, higher income, and better self-reported health, were associated with membership in the 

more-active classes, particularly the athletic classes. Residential characteristics, including living in 

single-family housing and living in the lower-density boroughs of New York City, were predictive 
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of membership in one of the domestic/gardening classes. Class membership was associated with 

BMI even after controlling for total PASE score.

Conclusions—This study suggests that individual and neighborhood characteristics are 

associated with distinct physical activity patterns in a group of older urban adults. These patterns 

are associated with body habitus independent of overall activity.

Introduction

The mental and physical health benefits of physical activity in older adulthood are well 

established.1–5 The context in which physical activity occurs may affect the health-

producing benefits of that activity.6, 7 For example, several comprehensive reviews have 

suggested that outdoor physical activity, particularly in green space, may improve mental 

health more than indoor physical activity does.8, 9 However, assessing the benefits 

associated with specific types of physical activity (e.g., gardening, walking) individually is 

problematic because some activity types are highly correlated (e.g., people who weed 

gardens are likely to mow lawns and rake leaves).

Latent class analysis (LCA) can reduce analytic complexity by identifying patterns of 

activity.10–13 Furthermore, patterns may both inform population-level interventions and 

allow for more targeted individual-level interventions. For example, population-level 

interventions might improve physical or social resources necessary to support a common 

activity pattern, whereas individual-level interventions might classify individuals by activity 

pattern to tailor interventions more personally.11 However, although previous research has 

characterized patterns of physical activity among adolescents12, 14 and middle-aged adults,15 

as well as patterns in overall daily activity in older adults (wherein physical exercise 

constituted one activity domain),16 to our knowledge, no research has investigated 

patterning of types of physical activity among older adults or correlates of these patterns.

This analysis uses LCA to identify cross-sectional patterns of physical activity among a 

sample of men and women aged 65–75 years living in New York City (NYC). The resulting 

classes are then analyzed in relation to individual and residential neighborhood 

characteristics and in relation to BMI, controlling for total activity.

Methods

Study Sample

The NYC Neighborhood and Mental Health in the Elderly Study II (NYCNAMES-II) is a 3-

year longitudinal cohort study of 3,497 NYC residents aged 65–75 years at baseline. 

NYCNAMES-II was conducted in part to study the implications of Department of 

Transportation interventions designed to increase elderly pedestrian safety. Participants were 

recruited between June and November 2011 using a two-stage area probability sampling 

design ensuring participants with proximity to intervention sites and sociodemographic 

heterogeneity reflective of the city as a whole. First, Census tracts in NYC were divided into 

16 strata of racial/ethnic mix, walkability,17 and income. Next, a stratified geocoded 

telephone list was purchased from InfoUSA to identify potential participants. Finally, using 

that list, 1,500 subjects were recruited from Census tracts within 0.5 miles of an intervention 
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site and 2,000 were recruited from the remaining census tracts. Interviews were conducted 

by New York Academy of Medicine (n=219) and Abt-SRBI (n=3,281) using a computer-

assisted telephone interviewing program. For households with two or more individuals aged 

between 65 and 75 years, a participant was selected at random. Each telephone number had 

an equal probability of being selected. For Wave 1, after multiple contact efforts, 57% of 

selected telephone numbers did not yield a successful contact. Among those contacted, 30% 

elected to participate, for an overall response rate of 17% (0.57 × 0.30 = 0.17), somewhat 

lower than the 30%–40% response rate observed in NYC Department of Health telephone 

surveys of the general NYC population.18 Interviews were conducted by telephone, and 

participants were offered $10 in compensation for their participation. All subjects provided 

verbal informed consent. Three participants were removed from the final sample because 

they had already been interviewed in Wave 1. The study was approved by the IRBs of 

Columbia University, New York Academy of Medicine, and Abt-SRBI.

Measures

Indicators of activity types were developed from item responses to the Physical Activity 

Scale for the Elderly (PASE) recorded at baseline. PASE asks subjects to recall past-week 

engagement in walking, sports and recreation, muscle strengthening and endurance 

exercises, housework, home repair, gardening, yard work, and caring for others.19 PASE 

also includes an item assessing physical activity from employment, but this item was 

excluded to reduce survey burden in this mostly retired population. PASE scores have been 

validated against several objective activity measures, including accelerometers20, 21 and 

doubly labeled water.22, 23

PASE was designed to reliably assess quantity of physical activity in older adults. To help 

distinguish activity classes, two modifications were made. First, to retain information 

regarding activity duration in categorical variables used by LCA, PASE items for which 

duration of activity is indicated (walking, sports and recreation, and muscle strengthening 

exercises), were recoded into dichotomous variables indicating ever (>0 minutes/day on any 

day) engagement in the activity and often (>30 minutes/day on average) engagement 

(Appendix S1). Second, PASE items assessing sport and recreation specify three intensity 

classes: light, moderate, and strenuous. For example, golf with a cart is coded as light 

activity, whereas golf without a cart is coded as moderate activity. Because many subjects 

reported engaging in one primary sport/recreation activity, exploratory LCAs that coded the 

activity intensity categories separately resulted in latent classes that were strongly affected 

by intensity of the single sport/recreation activity rather than an overall pattern of activity. 

To increase homogeneity of the classes that were engaged in sport/recreation activity and 

optimize interpretability of the patterns resulting from the LCA model, all sport/recreation 

categories were combined for analysis.

The final LCA used the resulting ever and often indicators for activities where duration was 

indicated as well as the dichotomous indicators for other activities, for a total of 12 items 

(Table 1).

Subjects reported sex, age, educational attainment, race/ethnicity, health status, income, and 

street address. To allow for non-linear relations with age and income, age at baseline was 
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categorized as 65–68, 69–71, and 72–75 years and household income was categorized as <

$20,000, $20,000–$39,999, $40,000–$79,999, and ≥$80,000. Educational attainment was 

categorized as reported: less than high school graduate, high school graduate, some college, 

and college graduate. To maintain a balance of individuals in each racial/ethnic group, race/

ethnicity was categorized as non-Hispanic black, non-Hispanic white, Hispanic, and other. 

Street address was geocoded using Geosupport (n=3,321) and Department of City Planning - 

Linear Integrated Ordered Network (DCP-LION) (n=24), applications produced by the NYC 

Department of City Planning. If the reported address could not be geocoded (n=152), the 

ZIP code centroid was used.

Non-response in demographic data was relatively rare; household income was missing for 

16.2% of subjects and no other item was missing for >10% of subjects. Under the 

assumption that these data were missing at random, five complete data sets were imputed 

using IVEware, using all available survey responses for the imputation. Analyses using 

multiply imputed data combined estimates using Rubin’s rules.24

However, the missing-at-random assumption was unlikely to hold for PASE items because 

failure to respond was likely caused by the subject not engaging in the activity. Values of 0 

were therefore imputed for all missing PASE data. Relatively little PASE data were missing, 

ranging from three responses (0.1%) for light housework to 63 responses (1.8%) for any 

form of sports/recreation.

Statistical Analysis

LCA is a commonly used empirical approach to identify subpopulations (latent classes) by 

shared item response patterns. By estimating probabilities of observed responses conditional 

on class membership, LCA allows estimates of posterior probabilities for each individual 

belonging to each latent class.25

A series of LCA models specifying latent class counts from two to six were created. Model 

selection in LCA is an area of active research26, 27; in accordance with recommendations, 

four factors were considered in model selection28:

1. Bayesian information criteria (BIC), an indicator of model fit wherein differences 

of >10 units are considered strong evidence of better fit29;

2. standardized entropy,30 a measure of classification certainty that ranges from 0 to 

1, wherein 0 represents complete uncertainty of latent class assignment and 1 

represents complete certainty;

3. the relative size of classes in each model, preferring models with classes larger than 

5% of the cohort; and

4. (4) substantive interpretability, preferring models whose class separations were 

simplest to articulate.

A “three-step” approach was used to relate latent classes to covariates, wherein Step 1 is to 

fit an LCA model, Step 2 is to assign subjects to latent classes, and Step 3 is to relate 

covariates to assigned latent class using multinomial logistic regression.31 For these data, 
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“one-step” approach models (in which regression parameters are estimated as part as latent 

class model fit) did not converge in poLCA in R32 or PROC LCA in SAS.33 Proportional 

rather than modal assignment was used, in accordance with recommendations.31

To investigate the informative value of activity classification, multivariable models 

predicting BMI and obesity status (BMI >30) from PASE score and activity latent class 

together were developed. Significantly non-zero coefficients for activity classes, after 

adjustment for total PASE score, indicate the classes contain informative value beyond that 

of PASE score alone.

Three sensitivity analyses were conducted. First, in an elderly cohort like NYCNAMES, 

many subjects report health conditions rendering them incapable of performing physical 

activities. To examine whether the patterns of activity were affected by capability, LCA 

models were re-run only among those who reported being able to walk one block (n=2,363, 

67.5%). Second, to test the assumption that different classes of sports activity would create 

less interpretable classes, LCA models were created in which light, moderate, and strenuous 

sports were separate items. Third, to test the findings’ robustness to the assumption that non-

response to PASE items indicated no activity, the LCA was repeated using expectation 

maximization to account for missing data.

Imputations were performed using IVEware.34 All subsequent analyses were performed 

using R, version 2.15.3 and SAS, version 9.3. LCAs used PoLCA package, version 1.432 

and PROC LCA.33 Analysis of the imputed data set, including the use of Rubin’s rules to 

combine estimates, used “mi,” version 0.09–18 and “mitools,” version 2.2.35 Multinomial 

regression used “nnet,” version 7.3–5.36 Figure 1 was created using Microsoft Excel and 

Figure 2 was created using “ggplot,” version 0.9.3.1.37 All analyses were conducted in 2014.

Results

Table 2 details characteristics of the 3,497 older adults comprising the final sample. A 

minority (35.1%) lived in single-family housing. The majority (79.5%) reported that their 

neighborhood was safe for walking after dark.

Differing selection criteria favored different numbers of latent classes. BIC scores were 

lowest for the six-class model. Entropy increased with more classes, and all models except 

the six-class model were well balanced regarding count of members; the six-class model 

contained a small (4.0% of the overall cohort) class whose defining feature was never 

walking regardless of other activity types. The remaining five classes of the six-class model 

were less interpretable than their five-class counterparts. Appendix S2 presents fit statistics 

and activity profiles for models from two to six latent classes.

A five-class model represented the optimal balance of model fit and interpretability (Table 

3). The final latent classes were:

1. subjects who reported little activity overall (18.8% of subjects, “least active”);

2. subjects who reported walking and some housework, but little other activity (36.7% 

of subjects, “walkers”);
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3. subjects whose activities included home-related activities such as lawn/yard work, 

gardening, and home repairs but only low amounts of sport or strengthening 

activities (12.8% of subjects, “domestic/gardening types”);

4. subjects who did not generally report home and garden activities but were 

physically active, particularly engaging in sports or recreational activities (21.8% 

of subjects, “athletic types”); and

5. subjects who reported both home-related activities and sports and recreational 

activities (9.9% of subjects, “domestic/gardening athletic types”).

Figure 1 displays the proportion of subjects reporting participating in an activity conditional 

on assigned class membership.

In multivariate analysis, housing type, education level, self-reported health status, sex, and 

income were most strongly predictive of latent class membership. Living in high-rise 

apartments was strongly negatively associated with the probability of being in one of the 

domestic/gardening classes relative to being in the least active class (relative risk 

[RR]=0.19, 95% CI=0.13, 0.28 for domestic/gardening types; RR=0.18, 95% CI=0.12, 0.28 

for domestic/gardening athletic types) and positively associated with the probability of being 

in the walker classes relative to being in the least active class (RR=1.58, 95% CI=1.18, 2.13) 

or athletic types (RR=1.67, 95% CI=1.18, 2.37). Worse self-reported health was negatively 

associated with the probability of being in any active class as compared with the probability 

of being in the least active class (e.g., RR=0.03, 95% CI=0.01, 0.09 comparing risk of being 

in domestic/gardening athletic class versus least active, conditional on poor self-reported 

health versus excellent self-reported health). Higher levels of income were associated with 

increased probability of being in one of the domestic/gardening type classes as compared 

with the least active class (RR=2.08, 95% CI=1.20, 3.60 comparing household income ≥

$80,000 to <$20,000). Table 4 shows RRs of class membership as compared with the least 

active class in the final multivariable model.

Physical activity classes were predictive of obesity status: 42.5% of the least active class 

was obese, compared with 30.3%, 24.8%, 20.2%, and 20.3% of the walkers, domestic/

gardening types, athletic types, and domestic/gardening athletic types, respectively (χ2 test, 

p<0.001). In multivariable models, latent class and PASE score acted as independent 

predictors of BMI, suggesting that pattern of activity provided information above and 

beyond PASE score alone (PASE, r2 =0.025; latent class, r2 =0.035; both, r2 =0.040). Figure 

2 shows restricted cubic spline functions with five knots relating PASE score to BMI within 

strata of latent class membership, illustrating the generally negative association between 

PASE and BMI and the different mean BMIs and ranges of PASE scores within latent 

classes.

LCAs in subjects able to walk one block without difficulty were similar with the elimination 

of the least active group (Appendix Table S3). LCAs performed without recoding sports 

activities resulted in latent classes that were more difficult to interpret (Appendix Table S4). 

LCAs using expectation maximization to account for missing data were comparable to those 

imputing zeroes (Appendix Table S5).
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Discussion

This analysis identified five latent classes of physical activity in older adults in NYC: least 

active, walkers, domestic/gardening types, athletic types, and domestic/gardening athletic 

types. Housing type was strongly correlated with being classified as a domestic/gardening or 

domestic/gardening athletic type. After adjustment for self-reported health, the least active 

class was associated with lower education, lower income, and worse self-reported health, but 

not with increased age. Latent classes significantly predicted BMI even after accounting 

PASE score, suggesting patterns of activity may be as important a driver of health status as 

overall activity, though this analysis was descriptive and should not be interpreted causally.

Several details about the identified latent classes warrant further discussion. First, 

engagement in domestic/gardening activities (gardening, yard work, and home repair) was 

independent of engagement in athletic activities (sports and strengthening exercises). It has 

recently been suggested that domestic work, including gardening, may not contribute 

sufficient physical activity to produce fitness benefits.38, 39 In this analysis, the domestic/

gardening class had a higher mean PASE score than the athletes. Second, the engagement of 

nearly every subject in some amount of walking was intriguing. In this urban cohort, 

walking may represent purposeful rather than recreational physical activity; the larger size 

of the walker class in NYC’s more–fdensely populated boroughs, where destinations of 

daily living are more often reachable on foot, supports this hypothesis.

Although there is no previous body of research on LCAs of activity patterns in older adults 

to compare to, our results do display similarities with patterns identified in adults aged 36 

and 43 years in the United Kingdom, including separation of sports and gardening as 

separate classes of activity.15, 40 More generally, the finding that walking and gardening 

define distinct domains of activity is consistent with several previous studies of physical 

activity in older adults.41–44

The higher PASE scores of the domestic/gardening classes and association of those classes 

with single-family housing and lower-density boroughs suggests that lack of access to 

outdoor maintenance opportunities may be an impediment to physical activity in the more 

densely populated areas of NYC. An increase in “citizen pruner” and community garden 

programs may be an appropriate complement to increasing walkability in less pedestrian-

oriented parts of the city, though further analysis incorporating motivation for selected 

activity modalities should be a part of developing any interventions.45, 46

Limitations

Strengths of this study include the relatively large sample size, use of multiple imputation to 

account for missing data, and diverse residential environments present in NYC. However, 

study findings should also be considered in light of several limitations. First, our information 

regarding activity is limited to our modified PASE, which did not assess some forms of 

physical activity that may be important, such as volunteer work. Furthermore, particularly 

among older adults for whom cognitive functioning was not assessed, self-report of physical 

activity may over-report actual activity47 or create spurious latent classes of activity. No 

objective measures of physical activity or information regarding motivation for physical 
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activity are available. Future studies should address both these limitations. Second, although 

the five boroughs of NYC contain a broad range of urban- and suburban-style 

neighborhoods, these typologies of activity may not be replicable in other spatial contexts. 

However, LCA methods applied to populations in other contexts may identify patterns of 

activity that might suggest novel interventions to promote active lifestyles in those contexts. 

Third, the 17% response rate raises the possibility that those who participated do not 

represent the broader older adult population of NYC. Finally, “three-step” estimation 

approach can result in biased estimates when class membership is used as a predictor.48 

However, since three-step estimates underestimate true associations,49 this limitation is 

unlikely to have led to overstated findings.

Conclusions

This LCA suggests there are five distinct typologies of physical activity among elderly 

adults in NYC. More income and better self-reported health are associated with being in a 

more active class, whereas living in a single-family home is associated with being in a 

domestic/gardening class. These typologies are predictive of BMI even after controlling for 

overall physical activity. More research is needed to establish whether these activity 

typologies describe activity patterns in other older adult populations, and if so, how the 

activity patterns relate to mental and physical health outcomes.
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Figure 1. 
Proportion of 3,497 adults aged 65–75 residing in New York City reporting participation in 

types of physical activity, grouped by latent class assignment, June-November 2011
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Figure 2. 
Relation between PASE scores, latent activity classes, and BMI in NYCNAMES-II 

participants, aged 65–75, surveyed between June and November 2011.
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