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Abstract

PURPOSE: To examine the shape of the relationship between physical activity (PA) and total 

energy expenditure (TEE) and to explore the role of energy balance status (negative, stable, 

positive) in influencing this association.
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METHODS: Cross-sectional. Participants were 584 older adults (50–74 yrs.) participating in the 

Interactive Diet and Activity Tracking in AARP study. TEE was assessed by doubly labeled water 

and PA by accelerometer. The relationship between PA and TEE was assessed visually and using 

non-linear methods (restricted cubic splines). Percent weight change (>3%) over a six-month 

period was used as a proxy measurement of energy balance status.

RESULTS: TEE generally increased with increasing deciles of PA averaging 2354 (SD=351) 

kcal/d in the bottom decile to 2693 (SD=480) kcal/d in the top decile. Cubic spline models showed 

an approximate linear association between PA and TEE (linear relation p<0.0001, curvature 

p=0.920). Results were similar in subgroup analyses for individuals classified as stable or positive 

energy balance. For those in negative energy balance, TEE was generally flat with increasing 

deciles of PA averaging 2428 (SD=285) kcal/d in the bottom decile to 2372 (SD=560) kcal/d in 

the top decile.

CONCLUSION: Energy balance status appears to play an important role in the relationship 

between PA and TEE. When in a positive energy balance, the relationship between TEE and PA 

was consistent with an additive model, however, when energy balance was negative, TEE appears 

to be consistent with a constrained model. These findings support PA for weight gain prevention 

by increasing TEE; however, the effect of PA on TEE during periods of weight loss may be 

limited. An adequately powered, prospective study is warranted to confirm these exploratory 

findings.
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INTRODUCTION

Over the past three decades the prevalence of obesity has increased by more than two-fold 

(1) and has been recognized as a key threat to public health (2). It is well established that 

obesity increases the risk for many chronic diseases, such as heart disease, hypertension, 

diabetes, (3, 4) and certain types of cancer (5, 6). Current obesity prevention and treatment 

strategies promote increasing physical activity to achieve clinically meaningful weight 

loss (≥3–5%; (7)). It is assumed that increased physical activity will lead to associated 

increases in total energy expenditure (TEE); thereby promoting a negative energy balance 

and subsequent weight loss. It was previously believed that increases in physical activity 

would be tightly correlated with increases in TEE (8, 9); however, recent evidence would 

suggest that TEE is constrained at high levels of physical activity as the body adjusts to 

maintain TEE through both behavioral and metabolic adaptations (10).

The “Constrained Energy Expenditure Model” suggests that TEE increases linearly with 

lower amounts of physical activity but plateaus with higher amounts of physical activity 

(10) and this has been observed in both animals (11–14) and young adults (24–45yrs.; (15)). 

However, the mechanisms for energy constraint are unclear. One possible explanation is 

energy intake or energy balance status. Energy intake and expenditure are interdependent 

variables that are dynamically influenced by each other and body weight (16). Attempts 

to alter energy balance through diet or exercise are countered by physiological adaptations 
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that resist weight loss (17). Thus, during a period of negative energy balance, it is plausible 

that the body conserves energy even during periods of increased activity. During a period of 

positive energy balance, typical of western populations, this energy conservation would be 

unnecessary in the presence of increased physical activity; thus, physical activity and TEE 

would be more congruent.

In the current study we leveraged data from the Interactive Diet and Activity Tracking in 

AARP (iDATA) study to examine the shape of the relationship between physical activity, 

TEE, and energy balance status (negative, stable, positive) in a large sample of free-living 

older adult men and women. We hypothesized that the constrained energy expenditure 

model would be observed in adults who were in negative energy balance but not adults in 

positive or stable energy balance.

METHODS

Participants and Study Design.

Participants were a convenience sample of AARP members from Pittsburgh, PA aged 50–

74 years, who spoke English, had internet access, were not on a weight-loss diet, had 

a BMI 18.5–40 kg/m2, and were free of major medical conditions (e.g., history of renal 

failure, congestive heart failure, or other conditions involving disturbances in fluid balance) 

and mobility limitations. Initial contact was made via automated phone call and invitation 

letter directing those interested to contact study staff. Prior to any research procedures 

participants provided written informed consent. The study was approved by the National 

Cancer Institute Special Studies Institutional Review Board. Consented participants visited 

the study center up to three times over 12-months and completed several diet and physical 

activity measurements. Individuals who completed the full study received $450. The primary 

aim of iDATA study was to evaluate how well internet-based, self-report instruments 

measure food intake and physical activity levels and their relationship with disease (18).

Of the 1,082 individuals who enrolled in the study (see Supplemental Figure 1, 

Supplemental Digital Content, Appendix), 741 were scheduled to complete DLW 

assessments. Of these, we excluded those with invalid DLW values (n=54), participants 

without at least one valid day of accelerometer data (n=45), those missing anthropometric 

data (n=39), and those with extreme TEE or physical activity [vertical axis CPM/d and 

vector magnitude CPM/d] values (i.e., twice the interquartile range; n=19).

Participants were assigned to one of four groups and followed a specified 12-month 

assessment protocol. Groups 1 and 3 followed the same assessment schedule while Groups 2 

and 4 followed an alternative schedule (Table 1).

TEE and Body Composition.

TEE was assessed via doubly labeled water over a 14-day period using methods previously 

described by Subar et. al (19). Baseline urine specimens were collected from each 

participant prior to oral dosing with a mixed solution of deuterium and oxygen-18 based 

on body weight. Three additional urine samples were collected on the dosing day and two 

final urine samples were collected 14 days after the dosing day. The deuterium is eliminated 
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from the body as water and oxygen-18 as both water and carbon dioxide. The difference 

between the elimination rates provides a measure of carbon dioxide production which can 

be used to calculate TEE. Total body water, determined by stable isotope dilution (20, 21), 

was used to derive fat free mass [FFM(kg)=TBW/0.732)] (22) and subsequently fat mass 

[FM(kg)=body weight (kg)−FFM (kg)].

Physical activity.

Physical activity was assessed by ActiGraph GT3X tri-axial accelerometers (Actigraph 

LLC., Pensacola, FL, U.S.A.). Participants were asked to wear the ActiGraph GT3X 

monitors all day on an elastic belt on their waist, for seven consecutive days, and to 

remove the monitors when showering, bathing, and swimming and for bed at night. The 

data collection interval was set at one second epoch with a minimum of 10 hours of wear 

constituting a valid monitored day. One valid day was required to be included in the analysis 

(23). Monitor wear logs were used to confirm wear dates and define the waking day, and 

the Choi algorithm was used to estimate non-wear time during this period. The vertical axis 

total activity counts per day (TAC/d) variable was defined as the mean daily activity counts 

accumulated on valid monitoring days. Mean activity counts per minute (CPM/d) were also 

computed for the vertical axis and as vector magnitude. CPM/d has been shown to be a 

valid proxy for total physical activity volume (24). Total physical activity (minutes/day) 

was also calculated as mean acceleration counts per minutes >100 during wear time. A 

mean of approximately 6 (SD = 1.6) valid days (90.2% of sample with ≥4 valid days) of 

accelerometer data with 14 (SD = 1.3) hours per day of wear time were available.

Anthropometrics.

Anthropometric measures (weight and standing height) aligning with physical activity and 

TEE assessments and the subsequent 6-month follow-up measures were used. Up to three 

measurements were taken and the average of the two closest repeated readings at each visit 

were recorded. Body mass index (BMI) was calculated from height and weight (kg/m2).

STATISTICAL ANALYSIS

All analyses were performed using SAS Software, version 9.4 (SAS Institute Inc., Cary, 

NC) and figures were created using GraphPad Prism, version 8.4.3 (GraphPad Software 

Inc., San Diego, CA). Participant characteristics were summarized using means and 

standard deviations for continuous variables, and frequencies and percentages for categorical 

variables.

This statistical approach was designed to replicate the strategy used by Pontzer and 

colleagues (15). We first examined the relationship of wear time and recruitment group 

on accelerometer-measured activity counts using linear regression and found significant 

associations (data not shown). To control the effect of these covariates, residual adjusted 

activity counts were calculated for each subject by adding the residuals from a regression 

model to mean activity counts (TAC/d and CPM/d). Adjusted activity counts were used for 

all analyses. Accelerometer-derived TAC/d was classified into age- and sex-specific quartiles 

of US population-referenced TAC/d.; population-referenced TAC/d percentiles standardized 
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by age and sex were published in 2015 (25). To determine how our sample’s physical 

activity level compared to US population younger age groups, TAC/d were matched to ages 

20, 30, and 40 yr. old sex-specific quartiles of the US population-referenced TAC/d.

Similar to accelerometer data, linear regression was used to examine the relationship of 

fat mass, fat-free mass, height, age, sex, race/ethnicity, and recruitment group on TEE. To 

control for the effect of these covariates, residual adjusted TEE was calculated for each 

subject by adding the residuals from the regression model to mean TEE. Adjusted TEE 

(TEEADJ) was used for all analyses. Controlling for these variables is necessary in order to 

examine the effect of physical activity, measured via accelerometry as mean CPM/d, without 

spurious effects of covariates. Using resting energy expenditure estimated from the Mifflin 

St-Jeor equation (REEMifflin) (26), physical activity level (PAL) was calculated as TEEadj 

divided by REEMifflin.

Initially, the linearity of the relation between physical activity and TEE was visually 

examined by boxplots indicating medians and quartiles of TEEADJ for each decile of 

CPM/d. To assess the shape of the relationship between physical activity and TEEADJ, we fit 

three different regression models to a scatterplot of TEEADJ against CPM/d. First, a linear 

regression model was fit to test the relationship between TEEADJ and physical activity. 

Second, restricted cubic spline curves were fit to test for non-linearity of these associations 

using the likelihood ratio test, comparing the model with only the linear term to the model 

with the linear and the cubic spline terms, SAS macro “glmcurv9” (27). Splines ranging 

from 3 to 10 knots were examined. Visual inspection was used to ensure results were robust, 

regardless of the number of knots employed. Analyses with knots >5 produced high levels 

noise, therefore as recommended Durrleman et. al (28), the results from 5 knots (5th 25th 

50th 75th 95th percentiles) models are presented. Third, we evaluated the effect of CPM/d on 

TEEADJ via a series of linear regression analysis for all subjects with CPM/d values above 

a threshold CPM/d = i and iterated this analysis over the range of CPM/d thresholds i = (1, 

2, 3….i). This simply means that we conducted several linear regressions with subsamples 

above a CPM/d threshold of our original full sample. The resulting set of β and SE values 

for each subsample regression were plotted by CPM thresholds. Subgroup analysis was 

conducted to assess the role of energy balance status on the shape of the relationship 

between physical activity and TEEADJ. Percent weight change over the six-month period 

following the doubly labeled water assessment was calculated as a proxy measurement of 

energy balance status and individuals were classified using AHA/ACC/TOS Guidelines for 

clinically meaningful weight change into positive energy balance (> +3%), stable energy 

balance (±3%), or negative energy balance (< −3%) categories and relationship of physical 

activity to TEEADJ was assessed for each subgroup as previously described (29).

RESULTS

Descriptive characteristics of the 584 participants with valid data that were included in 

this analysis are presented in Table 2. Compared to the full eligible sample, the analytic 

sample was similar on reported demographic characteristics (see Supplemental Table 1, 

Supplemental Digital Content, Appendix). The analytic sample was 63.2 ± 5.9 years old, 

51 percent female, and 93 percent non-Hispanic white. Seventy-three percent of the sample 
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were classified with overweight or obesity (BMI ≥ 25.0 kg/m2) with 16%, 68%, 16% 

classified as positive, stable, or negative energy balance status; respectively. Calculated PAL 

(TEEadj – REE as calculated using Mifflin et al.) ranged from 1.0 to 2.9 times resting energy 

expenditure predicted. Participants were more likely to be physically active compared to 

the general US population, with ~36% in the highest US population-reference TAC/d 

quartiles for activity (i.e., ≥ 75th percentile) and 11% in the lowest quartile (i.e., ≤ 25th 

percentile). Even when compared to 20 yr. old US population-reference TAC/d quartiles for 

activity, ~12% of participants remained in the highest quartile (see Supplemental Figure 2, 

Supplemental Digital Content, Appendix).

To be consistent with previously published literature regarding constrained TEE, the main 

analysis presented throughout uses vertical axis CPM/d. Results were similar to those of 

the main analysis when assessing physical activity using vector magnitude CPM/d and total 

physical activity minutes/day (see Supplemental Tables 2–3 and Supplemental Figures 3–4, 

Supplemental Digital Content, Appendix).

Anthropometric measurements explained over 60% of the variation in TEE (df = 577, 

adjusted r2 [adj r2] = 0.64, p <0.0001; Table 3, model 1), with fat-free mass the strongest 

single factor. Adding recruitment group to account for variation in assessment schedules 

did not improve the fit (df = 574, adj r2 = 0.64, p <0.0001; Table 2, model 2). Measures 

of physical activity (vertical axis CPM/d) accounted for an additional 4% of the variation 

in TEE (df = 573, adj r2 = 0.68, p <0.0001; Table 3, model 3). To examine the effects of 

physical activity on TEE, we calculated adjusted TEE (TEEADJ) from the residuals of model 

2 in Table 1, thereby controlling for the effects of fat-free mass, fat mass, age, height, sex, 

and recruitment group on TEE. Physical activity (vertical axis CPM/d) explained 8% of the 

variation in TEEADJ (df = 582, adj r2 = 0.08, p <0.0001; Table 3, model 4).

TEEADJ was shown to generally increase with increasing deciles of physical activity 

(CPM/d) averaging 2,354 (SD = 351) kcal/d in the bottom decile to 2,693 (SD = 480) kcal/d 

in the top decile (Figure 1A). Yet, the variability of TEEADJ within each decile of CPM/d 

was high. The range of variation within any decile of CPM/d far exceeded the difference 

in median TEEADJ across the range of CPM/d (see Supplemental Table 3, Supplemental 

Digital Content, Appendix). The mean coefficient of variation within CPM/d deciles (16% 

[SD = 0.9%]) was equivalent to the difference in mean TEEADJ between the 1st and 10th 

deciles (16%).

Restricted cubic spline analysis showed a linear association between physical activity and 

TEEADJ for the entire analytic sample (p for linear relation <0.0001, p for curvature = 0.920; 

Figure 1A). Figure 1B shows the effect (β) of CPM/d on TEEADJ at increasing CPM/d 

thresholds. These results were consistent with the restricted cubic spline analysis, showing a 

significant association between CPM/d and TEE across increasing CPM/d thresholds (all p < 

0.05) with an upward inflection in TEE at higher activity levels. Based on statistical methods 

and visual inspection, results were similar to the entire analytic sample for two energy 

balance subgroups: stable energy balance (p for linear relation <0.0001, p for curvature = 

0.950; Figure 2B). and positive energy balance (p for linear relation <0.001, p for curvature 

= 0.542; Figure 2C). TEEADJ was shown to generally increase with increasing deciles of 
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physical activity (CPM/d) averaging 2,346 (SD = 346) kcal/d (stable energy balance) and 

2,175 (SD = 408) kcal/d (positive energy balance) in the bottom decile to 2,776 (SD = 376) 

kcal/d (stable energy balance) and 2,880 (SD = 511) kcal/d (positive energy balance) in 

the top decile (Figure 2B–C). However, in the negative energy balance subgroup, physical 

activity (CPM/d) was not associated with TEEADJ (p for linear relation = 0.851, p for 

curvature = 0.724; Figure 2A). In this subgroup, TEEADJ was shown to be generally flat 

with increasing deciles of physical activity (CPM/d) averaging 2,428 (SD = 285) kcal/d in 

the bottom decile to 2,372 (SD = 560) kcal/d in the top decile (Figure 2A).

DISCUSSION

The acute metabolic cost of physical activity is unquestionable; however, the impact of 

habitual levels of physical activity on TEE is less clear. The consensus view that increased 

physical activity leads to concomitant additive increases in TEE has been challenged 

(15, 30). The Constrained Energy Expenditure model has been proposed as an alternative 

explanation to the previous Additive model. The Constrained model suggests that physical 

activity and TEE display a linear relationship at lower levels of physical activity; however, 

as physical activity increases above a certain threshold, TEE plateaus, thereby conserving 

energy. The mechanisms for the Constrained model remain unclear; however, several 

hypotheses have been postulated including behavioral adaptations (e.g., increased sitting 

behavior and reduced fidgeting), and physiologic adaptations (increased muscular efficiency 

and decreased metabolic rates of non-muscular tissues). The present study contributes to this 

growing area of research by testing both Additive and Constrained models in a large western 

population. In addition, this study sought to determine the impact of energy balance status 

on these models. The primary findings of this study are that in a cohort of older adults, with 

a broad range of physical activity levels, it appears that the relationship between physical 

activity and TEE is additive. However, energy balance status appears to be an important 

factor in this relationship, with individuals in positive and stable energy balance aligning 

with the Additive model and individuals in negative energy balance exhibiting evidence of 

constrained TEE.

In 2015, Pontzer et al. proposed that the relationship between physical activity and TEE 

is constrained (31). This model was supported by both animal data and a pooled sample 

of adults living in five populations of African descent (Ghana, South Africa, Seychelles, 

Jamaica, and United States; (15)). In that study of adult humans, data demonstrated a 

breakpoint at 230 Actical-based CPM/d (~70th percentile), where higher physical activity 

below this breakpoint was associated with proportionally higher TEE, but physical activity 

levels above this breakpoint were not associated with further elevated TEE. Consistent with 

that study, we found that accelerometer-measured physical activity was weakly associated 

with TEE, and that the mean TEE difference between the lowest and highest physical 

activity deciles (~340 kcal/d) was substantially less than the variance in TEE within each 

decile (Figure 1). However, we failed to identify a similar physical activity threshold 

whereby the relationship between physical activity and TEE was nullified. In fact, in the 

full cohort analysis, there was an upward inflection at ~400 CPM/d suggesting that at 

higher levels of physical activity, TEE was associated more strongly than at lower levels of 

physical activity. While the additive effect of physical activity on TEE appears to be small 
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compared to the other factors examined, the relationship appears to be relatively linear in 

this population of older US adults.

Differences in local environments, age of individuals recruited, and differences in devices 

employed makes direct comparison between studies difficult. It is possible that the US based 

older adult population of the current report, as a whole, are less active than the younger 

populations of African descent observed by Pontzer and colleagues. If this is the case, 

physical activity levels presented here may not have been at a high enough level to elicit 

a constrained response. Differences in devices used to estimate physical activity counts 

(Actical vs Actigraph) impedes direct comparison in distribution of physical activity levels 

between the two studies. However, when comparing our sample to national estimates we 

found that, on average, older adults participating in the iDATA study were more physically 

active compared to age and sex-matched general population and this distribution of activity 

held when compared to younger US populations. Additionally, there was a large amount 

of variability in PAL using a predicted REE (TEEadj/REEmifflin), with levels ranging from 

1.0 (extremely inactive) to 2.9 (extremely active) times estimated resting energy expenditure 

(32). Therefore, the wide spectrum of physical activity observed in the current investigation 

should have been sufficient to detect a plateau in TEE.

One plausible mechanism for TEE constraint is energy balance status or energy intake. 

During periods of negative energy balance, it is possible that the relationship between 

physical activity and TEE would be constrained, and during periods of positive energy 

balance the relationship would be additive. This hypothesis aligns with previous weight 

loss maintenance data, suggesting that individuals maintaining significant weight loss have 

a high amount of energy flux (high amounts of energy intake and energy expenditure; 

(33, 34)). Schoeller et al. (34) found that threshold of physical activity energy expenditure 

corresponding to 80 min/day of moderate activity or 35 min/d of vigorous activity was 

required for successful weight maintenance. Similarly, Ostendorf et al. (35) found that 

successful weight loss maintainers, defined as maintaining a weight loss of >30 lbs. for 

>1 year, engaged in high amounts of moderate-to-vigorous physical activity (~270 min/

wk.). This resulted in high amounts of TEE, which were similar to their pre-weight loss 

TEE, suggesting that the higher amounts of physical activity associated with weight loss 

maintenance helps to increase TEE to promote energy balance without chronic restriction 

of caloric intake (36). This study also supports the notion that during times of positive and 

stable energy balance (84% of the current study sample) TEE is not constrained.

Our data does suggest that the relationship between physical activity and TEE during 

periods of negative energy balance may be constrained. These data align with the findings 

from rodent (14) and human studies (15, 37). Human studies reporting energy constraint 

have typically compared expenditures across populations with disparate lifestyles and diets 

(15, 37–40), and thus diet and energy balance status could play an important role in the 

energy constraint response. Indeed, Pontzer et al. speculated that energy balance may be an 

important determinant for TEE. In their analysis, individuals with higher amounts of percent 

body fat had higher adjusted TEE (15). From an evolutionary perspective, limiting energy 

expenditure during a period of negative energy balance, is an adaptive response to protect 

against starvation [24].
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While the relationship between physical activity and TEE appears to be linear, the strength 

of association may be less than expected. Interestingly, there was a 70% difference in 

median physical activity CPM/d between the 1st and 10th deciles that equated to only 

a 17% difference in median TEEADJ. This observation of minimal increases in TEE can 

be explained if REE does display compensation for increased physical activity energy 

expenditure and is consistent with previous studies showing that only about half of the 

energy expended during exercise is added to TEE (41, 42). However, the suggestion that 

a negative energy balance reduces the metabolic response to increased physical activity 

conflicts with previous studies that have shown that exercise alone can produce clinically 

significant weight loss (≥3–5%) without purposeful energy intake restriction from pre-

exercise conditions (43–46). If chronic negative energy balance constrains TEE, then weight 

loss from exercise should be minimal. Studies increasing physical activity modestly (<2000 

kcal/wk.) have indeed found that weight loss is less than expected, in part due to lower 

energy expenditure than predicted (43). High amounts of physical activity (2000–5000 kcal/

wk.) also result in less weight loss than predicted; however, mean weight loss is clinically 

meaningful (>5%) (44). It is possible that at very high levels of physical activity, energy 

expenditure eclipses the drive to maintain energy balance, resulting in weight loss. In fact, 

TEE can increase >5 fold basal levels during periods of high activity (e.g. marathon running, 

ultra-endurance racing, endurance bike racing), however, this level of energy expenditure is 

not sustainable for long periods of time (>100 days; (47)).

This study does not come without limitations. First, this was a secondary analysis of a 

convenience sample of generally healthy older adults living in Eastern US who enrolled 

in a diet and physical activity measurement study. Therefore, the study was not designed 

or powered to examine the relationship between physical activity and TEE and the results 

of this study may not be generalizable to other populations. Furthermore, doubly labeled 

water assessment was only collected at a single time point. Multiple measures over time are 

needed to better understand the temporal relationship between TEE and physical activity. 

In addition, this study did not have device measured resting metabolic rate; thus, it was 

impossible to examine individual components of TEE. This study also used 6-month weight 

change data subsequent to physical activity and TEE assessments to determine energy 

balance status. This weight status may not reflect what was happening prior to or during 

the TEE and physical activity assessments. Additionally, it is unclear whether weight gain/

loss was intentional in this population; it is possible that unintentional weight change is 

indicative of underlying health conditions that may influence energy expenditure. Finally, 

participants were only required to have one valid day of physical activity data and the 

TEE assessment was over 14 days; it is possible that this misalignment and intra-individual 

variation in both measures weakened the observable associations. Despite these limitations, 

this study was performed in a large sample and utilized robust assessments of physical 

activity using vertical and vector magnitude-based activity counts, minutes per day, and TEE 

from DLW; thus, these findings offer a unique and significant contribution to the literature 

on Additive vs. Constrained energy expenditure models.

There remain several unanswered questions and priorities for future research. Foremost 

would be prospective studies to test the constrained TEE model. These studies would 

require careful repeated measurements of all components of TEE using DLW and indirect 
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calorimetry, along with device measured physical activity. Additionally, these studies should 

include repeated measures of weight to assess the effect of energy balance status on 

metabolic responses to physical activity and collect biomarkers related to reproductive, 

somatic, and immunologic function (8). Furthermore, studies should also examine how 

the allocation of energy contributes to the high degree of inter-individual variability in 

the magnitude and direction of weight change observed in weight loss studies evaluating 

exercise alone. In addition, other mechanisms that may influence the relationship between 

physical activity, TEE, and weight change such as timing of exercise within the 24 hour day 

(48), appetite regulation (49), or substrate utilization (50) need to be explored.

In summary, this study observed that TEE was positively associated with physical activity 

across a range of physical activity levels in a cohort of older US adults, providing evidence 

consistent with an Additive model. In subgroup analyses, among individuals who were in 

a negative energy balance, TEE appeared to be relatively flat around 2500 kcal/d with no 

further increase at higher levels of physical activity. This finding supports a constrained 

TEE model or compensation effects in response to a period of negative energy balance in 

the context of western diets. However, this study has highlighted several limitations to the 

current evidence base and an adequately powered, prospective trial is necessary to extend 

this prior work.
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Figure 1. 
The Relationship between TEE and Physical Activity. (A) TEEADJ (kcal/d) and physical 

activity (CPM/d). Boxplots indicate medians, quartiles, and range of TEEADJ for each decile 

of CPM/d and are centered on the median CPM/d value for each decile. Restricted cubic 

splines (dash) and linear (solid) regression lines are shown. (B) Series of linear regression 

analyses for the association of CPM/d with TEEADJ for subjects above increasing CPM/d 

thresholds. Black dots show the β value for CPM/d for subjects above a given CPM/d 

threshold; grey bars represent ±SE.
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Figure 2. 
The Relationship between TEE and Physical Activity by energy balance status (A = 

negative, B = stable, C = positive). TEEADJ (kcal/d) and physical activity (CPM/d). Boxplots 

indicate medians, quartiles, and range of TEEADJ for each decile of CPM/d and are centered 

on the median CPM/d value for each decile. Restricted cubic splines (dash) and linear (solid) 

regression lines are shown.
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Table 1.

Assessment Timeline

Month-1 Month-6 Month-12

Recruitment Groups 1 and 3

 Anthropometrics X* X* X

 Physical Activity

  Actigraph X* X

 Total Daily Energy Expenditure

  Doubly Labeled Water X*

Recruitment Groups 2 and 4

 Anthropometrics X X* X*

 Physical Activity

  Actigraph X* X

 Total Daily Energy Expenditure

  Doubly Labeled Water X*

*
Measures used in current investigation
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Table 2.

Sample Characteristics

Analytic Sample
(n=584)

N %

Female (%) 297 50.9

Non-Hispanic White (%) 545 93.3

Mean SD

Age (yrs.) 63.2 5.9

BMI (kg/m2) 28.1 4.7

Height (cm)

Weight Change (%) −0.2 3.9

Fat Mass (kg) 30.6 9.6

Fat Free Mass (kg) 50.5 10.7

TEE (kcal/d) 2446 479

PAL (TEEadj/REEmifflin) 1.7 0.3

Vertical Axis (TAC/d) 254200 93186

Vertical Axis (CPM/d) 300.0 110.2

Vector Magnitude (CPM/d) 751.0 216.8

Note: SD = standard deviations; yrs. = years; cm = centimeters; BMI = body mass index (kg/m2); kg = kilogram; m= meter; TEE = total energy 
expenditure; adj = adjusted; kcal = kilocalories; d = day; PAL = physical activity level; REEmifflin = resting energy expenditure estimated by 

Mifflin St-Jeor equation; TAC = total activity counts; CPM = counts per minute
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