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Abstract

Background: Regular physical activity is an important component of healthy living and wellbeing. Current
guidelines recommend that adults participate in at least 150 min of moderate or vigorous-intensity physical activity
weekly. In spite of the benefits, just over half of U.S. adults meet these recommendations. Calorie-only food labels
at points of food purchase have had limited success in motivating people to change eating behaviors and increase
physical activity. One new point of purchase approach to promote healthy behaviors is the addition of food labels
that display the physical activity requirement needed to burn the calories in a food item (e.g. walk 15 min).

Methods: The Physical Activity Calorie Expenditure (PACE) Study compared activity-based calorie-expenditure food
labels with calorie-only labels at three Blue Cross and Blue Shield of North Carolina worksite cafeterias. After 1 year
of baseline data collection, one cafeteria had food items labeled with PACE labels, two others had calorie-only food
labels. Cohort participants were asked to wear an accelerometer and complete a self-report activity questionnaire
on two occasions during the baseline year and twice during the intervention year.

Results: A total of 366 study participants were included in the analysis. In the PACE-label group, self-reported physical
activity increased by 13-26% compared to the calorie-only label group. Moderate-to-vigorous physical activity (MVPA)
increased by 24 min per week in the PACE-label group compared to the calorie-label group (p = 0.06). Changes in
accelerometer measured steps, sedentary time, and MVPA had modest increases. Change ranged from 1 to 12% with
effect size values from 0.08 to 0.15. Baseline physical activity level significantly moderated the intervention effects for all
physical activity outcomes. Participants in both label groups starting in the lowest tertile of activity saw the largest
increase in their physical activity.

Conclusion: Results suggest small positive effects for the PACE labels on self-reported and objective physical activity
measures. Minutes of weekly MVPA, strength training, and exercise activities showed modest increases. These results
suggest that calorie-expenditure food labels may result in some limited increases in physical activity.
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Background

Regular physical activity is an important component of
healthy living and wellbeing. People who are physically
active generally live longer and have lower risk of ad-
verse health outcomes [1]. The evidence supporting
physical activity as an effective strategy in the primary
and secondary prevention of chronic diseases as well as
the reduction of all-cause mortality is compelling [2-5].
Current guidelines recommend that adults participate in
at least 150 min a week of moderate-intensity or 75 min
a week of vigorous aerobic physical activity [6]. In spite
of the benefits, just over half of U.S. adults meet these
recommendations [7]. Self-reported barriers to physical
activity include lack of time, low motivation, or “no en-
ergy” [8-10].

Changing physical activity behavior is difficult [11, 12].
Multifaceted and leveled tactics are thought to be the most
effective long-term strategies to increase physical activity
[11, 12]. One promising novel approach is the addition of
labels that display the amount of physical activity required
to burn calories of selected food items [13]. The goal of
these point of purchase food labels is to motivate con-
sumers to increase physical activity or “nudge” them to re-
duce caloric intake [14]. Calorie information alone on food
labels is unlikely to motivate people to change eating behav-
jors and increase physical activity [15—18]. According to be-
havioral economics theory, people will default to using
mental shortcuts for many common decisions because our
ability to process information is limited [19, 20]. In most
cases, particularly when consuming meals not prepared in
the home, people’s food-related decisions are not a function
of rational processes. Approaches that rely on rational, re-
flective, or cognitive processes, such as reading and inter-
preting calorie information on food items, are unlikely to
be effective. Several factors serve as barriers in making ra-
tional choices in this setting. Time pressures related to food
breaks and distractions at points of purchase (such as a fast
food restaurant line) are common. Interpreting calorie-only
food labels during this limited interaction is challenging.
Approaches that appeal to the intuitive system are much
more likely to be effective. Intuitive approaches that are
easily understood and interpreted and can happen quickly
to compete with time pressures and distractions may be
more effective in fostering behavior change. Activity-based
food labels may be a more intuitive option for the con-
sumer, offering a tangible “real-life” scenario as to what is
actually required to burn the calories in food items (e.g.
walking distance) [13]. It is thought that armed with this in-
formation, consumers may be influenced to make healthier
eating choices and increase daily physical activity [13, 16].

The purpose of this paper is to examine changes in
physical activity in participants exposed to activity-based
food labels compared to those seeing standard calorie-
only labels in their worksite cafeteria. Both self-report
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and objective physical activity data (accelerometer) were
collected on study participants and are reported here.

Methods

Study design and population

This analysis is part of a larger two-group interrupted
time series cohort study that examined the effects of an
innovative food labeling system on calories purchased
and levels of physical activity. In partnership with Blue
Cross and Blue Shield of North Carolina (BCBSNC), the
physical activity calorie expenditure (PACE) study com-
pared activity-based calorie-expenditure food labels with
calorie-only labels at three worksite campus cafeterias
serving over 3600 employees. The study was approved
by the Institutional Review Board of the Office of Hu-
man Research Ethics at the University of North Carolina
at Chapel Hill.

A detailed description of the study design has been
previously published [13]. In short, study participants
were recruited in 2015 and were eligible for inclusion if
they were (1) current BCBSNC employees or long-term
contractors, and (2) intended to eat lunch in one of the
campus cafeterias at least three times per 5-day work
week. Participants were recruited through a combination
of passive and active methods. Paper and electronic
flyers advertising the study were placed throughout
BCBSNC campuses and displayed on digital monitors.
Study coordinators also actively recruited participants in
the worksite cafeterias by setting up informational tables
for employees to visit and to learn more about or sign
up for the study. Cohort participant enrollment contin-
ued on a rolling basis throughout the baseline year to
help compensate for attrition [13].

At the enrollment visit, participants met individually
with study coordinators in a private room on the
BCBSNC campus. Study coordinators explained the
details of the study and obtained the participants’ in-
formed consent and HIPAA waiver. All participants
were asked to complete initial questionnaires with
self-reported demographic items, medical and dietary
history, and physical activity assessment forms on an
electronic tablet. Cohort participants were also asked
to wear an accelerometer and complete a self-report
physical activity questionnaire on two occasions dur-
ing the baseline year.

After the one-year pre-intervention (“baseline”) data
collection, one cafeteria had food items prominently la-
beled with PACE activity-based labels and the other two
cafeterias had food items prominently labeled with
calorie-only labels. The two cafeterias receiving the
calorie-only labels were combined to ensure that the
number of participants and baseline demographic char-
acteristics were similar to those of the cafeteria receiving
the PACE labels. There was low concern for possible
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cross-over of participants at the cafeterias due to short
lunch breaks and long distance between the various
sites. It is unlikely that a study participant would have
the time or ability to travel to any of the participating
cafeterias other than the participant’s “home” cafeteria.
In the participating cafeterias, for all food prepared to
order at the grill and deli, lists of commonly purchased
items were posted with the PACE or calorie label. For
salad bars, lists were posted of common items as well as
representative salads showing the sum of calories or
PACE equivalent from all ingredients included. Beverage
cooler doors were labeled with lists of every beverage in-
side that specific door. Significant effort was made to en-
sure that the cafeterias served the same items during
weeks when data collection was taking place. The same
food company provides food to all 3 cafeteria sites, using
the same products and recipes. During weeks without
data collection, individual labels were removed, while
deli list, grill list, salad list and representative salads and
comprehensive beverage lists were left in place. All labels
(PACE and calorie-only) measured 3 x 4 in. and were ei-
ther bright green, bright blue, or bright yellow. The
study team re-posted the labels in a different color than
previously used at the beginning of each quarterly data
collection period. The PACE labels were a focus group-
tested image of a unisex figure walking with the number
of minutes an average person would need to walk to
burn the calories contained in the food item selected.
An example PACE label is shown in Fig. 1. Follow-up
measurements (accelerometer and self-reported ques-
tionnaire) occurred at two time points during year 2,
while the labeling was in effect. Of note, our previous
analysis found no difference in the efficacy of the PACE
labels in reducing lunchtime calories purchased in work-
site cafeterias compared with calorie-only labels [21].

Measurements

Study participants were asked to complete a modified ver-
sion of the CHAMPS physical activity questionnaire [22, 23]
at four separate time points, two during the baseline year
and two during the intervention year. Given that physical
activity may vary considerably over the course of a year de-
pending on weather, season, or other factors, participants
were administered the questionnaire during the same
months in the baseline year and intervention year to main-
tain consistency in calendar timing. Participants were asked
to report the number of times, total minutes, and intensity
of 27 common physical activities performed in the past
week. Physical activities ranged from light household activ-
ities to intense conditioning and exercise. Outcomes were
computed using minutes reported and standardized MET
values for all moderate or vigorous activities. Secondary out-
comes were estimated using a subset of 15 conditioning, ex-
ercise, and sport related activities. Baseline self-report data
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Baked Ziti
630 Calories

6.6 miles
/

Fried Chicken (1)
421 Calories

4.4 miles

Whole Wheat Penne
178 Calories

1.9 miles
/

Fig. 1 Example PACE labels
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were averaged to estimate year 1 activity levels. Reports dur-
ing the intervention year were averaged to estimate year 2
activity.

Objective estimates of physical activity were computed
from data collected at four timepoints using the Acti-
Graph wGT3X-BT accelerometer (Fort Walton Beach,
FL). Participants wore the accelerometer during the
same months in the baseline year and intervention year
for consistency. For logistical reasons, this wear did not
directly overlap with the self-report but was generally
within a few weeks. Participants were asked to wear the
accelerometer at the right hip on a belt or clip for 7 days
during each measurement period. Study coordinators
provided instructions on how to wear the device. After
measurement, data were downloaded and processed
using Actilife (Actigraph, Inc.) and SAS V9.4. Wear and
non-wear times were evaluated using the Choi algorithm
[24] with additional removal of sleep and non-wear
using logs and visual inspection of data. Daily minutes in
sedentary, light, and moderate-to-vigorous physical ac-
tivity (MVPA) were computed using established cut-
points for adults [25]. MVPA bout minutes per day were
also computed using a 10+ minute bout criteria. Partici-
pants needed 4 or more 8h hour days of wear to have
outcomes computed. Baseline accelerometry data were
averaged to estimate year 1 activity levels and data from
the intervention year were averaged to estimate year 2
activity. On average participants wore monitors for 6.6
(1.2) days at each time point during year 1 and 6.3 (1.4)
days each time during year 2. Participants averaged 13.9
(1.5) and 13.3 (1.5) hours of waking wear per day during
year 1 and 2. Outcomes were standardized to a 14-h
wear day to account for differences in total wear time
among participants.

Demographics were self-reported via electronic ques-
tionnaire at study enrollment. Participants were included
in this analysis if they had self-report or objective phys-
ical activity estimates for the baseline or intervention
year.

Statistical analysis

Standard descriptive statistics including means, per-
centages, and standard deviations were used to de-
scribe the study population. The primary analysis
compared physical activity before and after the label-
ing interventions and the difference between the two
groups. Analyses were performed under an intent-to-
treat assumption using linear mixed models (SAS
PROC MIXED) with maximum likelihood estimation
and unstructured covariance matrix. Primary models
included effects for time, arm, time x arm interaction,
and covariates (age, sex, race, education, and income).
Secondary analyses were conducted to examine mod-
eration effects for sex (male, female), race (African
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American, White/Asian/Other), education (high/tech,
college+), income (<50, 50-99,100+), and baseline
physical activity level (tertiles). Tests of moderation
effects were similar to the primary analysis with the
addition of a time x arm x moderator interaction
term. All analyses were performed using SAS Soft-
ware, version 9.4 (SAS Institute Inc., Cary, NC).

Results

A total of 414 individuals initially consented to be in the
study. Of these, 366 participants had adequate physical
activity data during year 1 or year 2 (either self-report,
Actigraph, or both). The final sample for analysis in-
cluded 144 in the PACE-label group and 222 in the
calorie-only label group. At follow-up, self-reported
physical activity data were obtained from 63% of partici-
pants with 43% having complete accelerometer data.
The sample was predominantly female (78%) with a
mean age of 42years, and mean BMI of 32kg/m>
(Table 1). The demographics of the cohort reflected
those of the entire employee population (3600 em-
ployees: 76% female, mean age of 43, BMI of 32 kg/m?).
At baseline participants took approximately 5000 steps
per day, were sedentary ~ 10 h per day, and were getting
20 min of MVPA per day. Differences between the inter-
vention groups are highlighted in Table 1. In short, the
calorie-only label group had more female participants
(81% vs. 72%), more Caucasian participants (51% vs.
40%), fewer overweight/obese (78% vs. 86%), and fewer
college graduates (62% vs. 70%).

A summary of the intervention effects on physical ac-
tivity can be found in Table 2. In the PACE-label group,
self-reported physical activity increased by 13-26% com-
pared to the calorie-only label group. Effect sizes were
small (0.14-0.20 mean change in standard deviation
units). Moderate-to-vigorous exercise activity increased
by 24 min per week compared to the calorie-only label
group (p =0.06). Race was found to moderate self-
reported MVPA and exercise minutes per week, with Af-
rican Americans in the PACE-label group reporting a
larger increase in minutes per week compared to other
groups (Table 3).

Changes in accelerometer measured steps, sedentary time,
and MVPA were modest but in a positive direction. Change
ranged from 1 to 12% with effect size values from 0.08 to
0.15. Steps per day did not change in the PACE-label group,
but decreased in the calorie-only group by ~ 200 steps per
day. MVPA increased in the PACE group by ~1min per
day compared to calorie-only group. Moderation analysis
showed that men in both groups increased their MVPA mi-
nutes by about the same amount and that women decreased
MVPA, but women in the PACE-group showed less of a de-
cline (2% vs. 13%).
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Table 1 Characteristics of the cohort at baseline comparing intervention groups

Entire Sample (n = 366) PACE-Label Group (n = 144) Calorie-Label Group (n =222) p-value

Strength training (SD) (times per week) 14 (2.0) 12 (1.9) 1.5 (2.0) 0.27
MVPA minutes (SD) (per week) 201.5 (194.8) 195.5 (184.5) 2054 (201.5) 0.65
Exercise MVPA minutes (SD) (per week) 113.3 (138.9) 104.7 (126.9) 1189 (146.3) 0.36
Steps (SD) (per day) 5172 (1980) 4805.8 (1617.7) 5411.0 (2155.7) 0.01
Sedentary minutes (SD) (per day) 613.0 (52.8) 620.7 (49.1) 608.0 (54.6) 0.06
MVPA minutes (SD) (per day) 189 (13.6) 18.0 (12.5) 196 (14.2) 034
MVPA bout minutes (SD) (per day 10+ 9.8 (12.8) 88 (12.2) 10.5 (13.1) 0.28
min bouts)
Age (SD) (years) 422 (102) 409 (9.6) 430 (10.5) 0.06
Female, % 776 72.2 81.1 0.05
Race, % 0.05

White 46.2 396 505

Black 432 451 419

Asian 57 9.0 36

Other 49 6.3 4.1
Hispanic ethnicity, % 49 6.9 36 0.15
Mean BMI (SD)[n = 274]° 31.8 (8.0) 32.1 (7.6) 316 (82) 0.60

Underweight, % (< 18.5) 04 1.0 0.0 0.18

Normal Weight (18.5-24.9) 19.0 133 222

Overweight (25.0-29.9) 292 306 284

Obese (>30.0) 515 55.1 494
Household income, % 032

< $49,999 303 278 320

$50,000-$99,000 36.1 340 374

$100,000 or more 336 38.2 306
Education, % 0.20

High school 12.3 11.8 126

Tech school/Assoc. deg. 230 18.8 257

College graduate 374 438 333

Master's degree+ 273 257 284
“BMI was only available for 274 participants (98 PACE-Label, 176 Calorie-Label)
p-value for difference between PACE-Label and Calorie-Label groups at baseline

Baseline physical activity level significantly moder- Discussion

ated the intervention effects for all physical activity
outcomes (Table 3). Participants who started in the
highest tertile of activity in both label groups de-
creased their activity from year 1 to year 2. Those
starting in the lower tertiles increased their physical
activity, with the middle tertile generally increasing
but less than the lowest group. For accelerometer
measured MVPA minutes, the percentage increase in
physical activity for those in the middle (9% vs. 2%)
and lowest (33% vs. 7%) tertile were larger for the
PACE-label group compared to the calorie-only label
group. Overall the interaction effects were more posi-
tive for the PACE-label group.

The purpose of this study was to examine changes in
self-reported and objectively measured physical activity
in people exposed to activity-based food labels and
calorie-only food labels in a work site cafeteria setting.
Results suggest small positive effects for the PACE
activity-based labels on self-reported (~20% increase)
and objective (~ 6% increase) physical activity. Minutes
of weekly MVPA, step count, strength training, and ex-
ercise activities all slightly increased among participants
who received the PACE labels compared with calorie-
only labels although the differences observed were not
statistically significant. Starting activity level was found
to significantly moderate the intervention effects on all
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Table 2 Means, standard deviation, percent change and effect size for PACE and Calorie-Label groups
Outcome PACE-Label Group Calorie-Label Group Group Change  P-value for P-value for moderator effects (GRP
intervention x YEAR x Moderator)
effect (GRP x
YEAR)
Year 1 Year2 % Year 1 Year2 % % Diff Effect NO  With  Sex Educ Inc  Race PA
Diff Diff chg size cov  cov tertiles
Self-Report
Strength training 12019 1520 246 1520 1409 -1.7 263 0.20 016 0.18 028 018 004 021 <
(times per week) 0.001
MVPA minutes 1955 2180 116 2054 201.2 =21 133 0.14 011 0.09 070 017 031 0004 <
(per week) (184.5) (220.6) (201.5) (188.2) 0.001
Exercise minutes 104.7 1244 188 1189 115.0 -33 209 0.17 0063 0058 057 024 031 0006 <
(per week) (126.9) (152.1) (146.3) (139.9) 0.001
Accelerometer
Steps (per day) 4816 4841 05 5411 5190 -4.1 48 0.12 010 0.1 068 0.197 0197 0.164 <
(1628) (1892) (2168) (1919) 0.001
Sedentary minutes 620.7 620.0 -0.1 607.7 614.8 12 -13 =015 010 0.0 056 074 0035 0075 <
(per day) (49.5) (55.9) (54.9) (44.6) 0.001
MVPA minutes 18.0 18.7 37 196 19.2 -22 58 0.08 029 034 0095 038 014 037 0074
(per day) (126)  (146) (143) (137
MVPA bout minutes 88 9.2 42 106 9.8 -75 118 0.09 030 0.28 016 047 020 026 0001
(per day) (12.3) (12.2) (13.1) (12.2)

Year 1: baseline year; Year 2: intervention year (PACE labels displayed)
%Diff = ((Y2 - Y1)/Y1)*100

Effect Size = ((PACE Y2 - PACE Y1) - (Calorie Y2 - Calorie Y1))/(Pooled std. Y1)
%Diff Change = (PACE %Diff) - (Calorie %Diff)

With Covariates (COV): age, sex, race, education, and income

physical activity outcomes. To our knowledge this is the
first study examining whether exposure to point-of-
decision activity-based calorie-expenditure food labels
translates to an increase in levels of physical activity.

Behavior change interventions such as point-of-
decision prompts to increase physical activity have
shown positive results [26]. Signs nudging individuals to
use the stairs rather than taking the elevator to increase
physical activity have had some success [27, 28]. Results
of food labeling strategies (calorie-only and activity-
based) to improve food choices and increase physical ac-
tivity have been more varied. Exposure to labels with
calorie information and physical activity equivalents at
points of food purchase reduced the odds of buying
sugar sweetened beverages among Black adolescents [29]
and prompted parents to encourage exercise among
their children [30]. Pilot data from participants who vis-
ited hypothetical fast food restaurants reported that they
would select meals with fewer calories if shown activity-
based food labels versus the traditional calorie-only la-
bels [31]. Conversely, other studies have demonstrated
that calorie-only menu labels in fast-food and restaurant
settings are likely ineffective in encouraging lower cal-
orie purchases [15—18]. Our previous analysis found that
PACE labels were no more effective than calorie-only la-
bels in reducing lunchtime calories purchased in the
worksite cafeteria setting [21].

In this study, exposure to PACE labels had a modest
positive effect on participant physical activity. Partici-
pants may have experienced a “nudge” from the labels
that was sufficient to encourage transient increases in
physical activity after exposure (e.g. taking stairs back
to the office rather than the elevator), but not enough
to have a large impact on MVPA. While important,
these small daily changes are harder to measure and
quantify.

The real-life effect of the PACE labels on physical
activity may actually have been more than was
reflected in our analysis due to several measurement
limitations. Participants only wore the accelerometer
during four periods throughout the study which may
not have adequately captured activity changes in re-
sponse to the food labels. In addition, some physical
activity such as strength training and cycling would
not be accurately reflected by the accelerometer.
Other small, positive behavior changes such as partici-
pants standing at their desks or taking the stairs back
to their offices would not have been quantified as in-
creased MVPA.

Though the effect of the PACE labels on physical
activity was small, these results are encouraging
given the low-cost of the intervention and ability to
scale it up. Calorie information on food items are
already displayed on menu boards at restaurants



Deery et al. BMC Public Health

Table 3 Means, percent change, and p-values for moderators of the PACE label intervention effects

(2019) 19:1596

Page 7 of 10

Outcome Moderator PACE-Label Group Calorie-Label Group
Y1 Y2 % change  p-value Y1 Y2 % change p-value  Better impact
Self-Report
Self-Reported Strength Training  Income
(times per week) Less than $50000 205 193 59 060 152 209 375 003 Calorie
$50,000-$99,000 1.24 1.70 371 0.10 201 1.74 -134 0.23 PACE
$100,000 or more 140 1.83 30.7 0.13 212 1.86 -12.3 027 PACE
Starting PA level
Low (0 times) 022 0.77 250.0 0.02 0.23 071 208.7 0.01 Similar
Mid (0.5-1.5) 1.33 1.53 15.0 0.59 1.26 1.16 -79 0.79 PACE
High (2 or more) 3.85 348 -9.6 0.23 384 303 -21.1 0.004 PACE
Self-Reported MVPA? Race
(minutes per week) White, Asian, Other 2376 2029  -146 009 2480 2347 54 038 Calorie
African American 2060 2763 341 0.001 2278 2050 -100 0.25 PACE
Starting PA level
Low (<80) 316 77.7 1459 0.07 324 733 126.2 0.05 Similar
Mid (80-233) 1514 1693 118 043 1413 1524 79 0.60 PACE
High (234+) 4184 3856 -7.8 0.19 4292 3255 -242 0.0001 PACE
Self-Reported Exercise Race
(Minutes per week) White, Asian, Other 1124 913 -188 020 1369 1177 -140 013 Calorie
African American 1014 1588 566 0.001 1132 1073 -52 0.71 PACE
Starting PA level
Low (<30) 24 328 1266.7 0.13 -4.9 253 616.3 0.10 PACE
Mid (30-129) 67.7 1033 526 0.08 64.9 775 194 045 PACE
High (130+4) 2460 2171 -11.7 0.16 2698 1856 -31.2 0.0001 PACE
Accelerometer
Steps (per day) Starting PA level
Low (<4017) 3428 3502 22 0.80 3355 3719 108 0.20 Calorie
Mid (4017-5559) 4625 5055 93 0.09 4713 4687 -06 0.93 PACE
High (5560+) 7002 5950 -15.0 0.01 7691 6708 -12.8 0.0001 Similar
Sedentary (Minutes per Day) Income
Less than $50,000 607 619 20 0.18 609 609 0.0 0.98
$50,000-599,000 623 603 -3.2 0.02 618 627 1.5 0.20 PACE
$100,000 or more 617 619 03 0.88 588 599 1.9 0.15 PACE
Race
White, Asian, Other 624 607 -2.7 0.02 609 613 0.7 048 PACE
African American 608 615 1.2 0.27 601 614 22 0.08 PACE
Starting PA level
Low (<598) 554 568 25 0.20 549 580 56 0.0001 PACE
Mid (598-637) 616 604 -19 0.13 618 621 0.5 0.70 PACE
High (638+) 666 658 -1.2 0.26 664 641 -35 0.008 Calorie
Moderate and Vigorous Sex
(Minutes per Day) Male 272305 121 020 260 295 135 017 Similar
Female 14.6 14.3 -2.1 0.84 16.7 14.6 -126 0.08 PACE

Starting PA level
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Table 3 Means, percent change, and p-values for moderators of the PACE label intervention effects (Continued)

Outcome Moderator PACE-Label Group Calorie-Label Group
Y1 Y2 % change  p-value Y1 Y2 % change p-value  Better impact

Low (<10.9) 7.5 10.0 333 0.26 7.6 8.1 6.6 0.83 PACE

Mid (10.9-20.5) 14.7 16.0 88 0.54 15.5 15.8 19 087 PACE

High (20.6+) 329 269  -182 0.02 35.1 316 -10.0 0.05 Calorie
Moderate and Vigorous Starting PA level
i('RA:nOJt o i;;rtg aby‘)ms Low (<1.9) 02 41 21500 004 05 17 2400 053 PACE

Mid (1.9-9.6) 4.6 49 6.5 0.88 4.7 58 234 0.59 Calorie

High (9.7+) 230 15.7 -31.7 0.002 23.1 17.8 -229 0.001 Calorie

“Minutes of moderate-to-vigorous physical activity according to self-report (> 150 min/week)

with 20 or more locations as a result of the 2010
Patient Protection and Affordable Care Act. It would
not be unreasonable to transition these food labels
to more consumer-friendly, activity-based labels.

Certain factors may account for why the PACE labels
did not have a larger impact. Time between exposure to
the labels at lunch and when participants were free to
exercise (e.g. before or after work) may have been too
great. Information from the food labels may have been
forgotten or the energy expenditure requirements no
longer seemed a priority. Barriers to physical activity at
work including time constraints, lack of energy, and lim-
ited flexibility [32] could have hindered any immediate
change in habits. Confusion over the energy expenditure
requirements for various food items or simply disregard-
ing the labels are other possibilities.

We acknowledge that the effects on self-reported
MVPA are subject to potential recall bias and over-
reporting due to social desirability sometimes associ-
ated with this method [33]. But we also found that
the objective accelerometer data support a similar
small positive intervention effects on MVPA, which
is encouraging. For the primary analysis all available
data were used, but only 63% of participants had
complete self-report data with only 43% having ac-
celerometer data in both year 1 and year 2. Response
rates were similar across intervention groups for
self-reported physical activity. For the accelerometer
data, the PACE group had a 10% higher response
rate at year 2. While substantial efforts were made
to collect complete data on all participants, loss to
follow-up was substantial. To help account for miss-
ing data, maximum likelihood estimation was used
in all models. In addition, the demographic makeup
was similar for those with and without year 2 data.
The one exception was for education level. Partici-
pants with year 2 data tended to have higher levels
of education. About 70% had a bachelor’s degree or
higher, but for those without year 2 data only 60%
had a bachelor’s degree or higher. The worksite set-
ting and high proportion of female participants may

also limit the generalizability of our results. But the
robust cohort design, diverse study population, two-
year implementation, and the multiple measures of
physical activity strengthen and support our findings.

While overall effects were modest, the results sup-
port the need for additional study of factors that may
interact with intervention effects in important ways.
Sex, race, and income show potential as moderators,
not just covariates in this study. For example, women
decreased MVPA in both groups but to a greater de-
gree in the calorie-only group, while men increased
MVPA in both groups. While the overall effect was
not statistically significant and could be artifact, we
should consider the potential that women and men
respond differently to food labels. Of greater import
is the strong and consistent interaction of starting
physical activity level and change over time. More
studies should be powered to test this interaction as a
primary outcome and interventions should include it
in exploratory analyses.

Refining this intervention could have a broader, more
sustained effect. Providing consumers with additional
prompts may strengthen their commitment to increase
physical activity levels. An example would be sending a
picture of the lunch food label by text after work hours
or the next morning to remind them of their calories
and the amount of activity associated with those foods.
This contact may help to reinforce the point of
purchase prompt and “nudge” them during a time more
convenient for increased physical activity. Periodic
prompts have been successful in producing positive re-
sults for short-term health behavior changes [34]. Per-
sonalizing or tailoring the labels based on feedback
from participants may increase their efficacy. Another
potential for the PACE label is to provide varying label
information throughout the year. Changes in signage or
point-of-decision prompts have been shown to have
immediate impact that decay over time [35]. Periodic
changes to cafeteria food labeling (size, color, design)
may also “remind” people to notice them and act on
the information provided.
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Conclusions

The small yet positive effects of this study suggest that
calorie-expenditure food labels alone may result in some
limited increases in physical activity. Given this, activity-
based food labels could be considered as an adjunct tool
in a broader behavior change strategy to increase phys-
ical activity. Coupling these labels with newer technolo-
gies and tactics, such as text prompts or goal setting for
wearables (i.e FitBit, Apple health), may have a larger
and more lasting effect. Inadequate physical activity is a
modifiable risk factor for numerous adverse health out-
comes and early death. Given the importance of physical
activity in promoting health, continued development and
evaluation of organizational level policy solutions such
as calorie-expenditure food labeling is warranted.

Abbreviations
BCBSNC: Blue Cross Blue Shield of North Carolina; MVPA: Moderate-to-
vigorous physical activity; PACE: Physical activity calorie expenditure

Acknowledgements
Not applicable.

Authors’ contributions

AJV conceived of the study with assistance from DH, LV, LL, and ASA. CBD
performed data analyses and drafted the manuscript. DH performed data
analyses and provided critical review and revision of manuscript. LV drafted
the IRB, oversaw and performed study procedures, and provided critical
review of manuscript. EO and JGN performed study procedures, entered
data, developed spreadsheets and figures, provided critical review of
manuscript. FCL performed data analyses and provided critical review of
manuscript. AJV, LL, ASA, ZL, and SMN provided critical review of manuscript.
All authors read and approved the final manuscript.

Funding

The PACE Study was funded by R01 CA184473-01A1 from the National Can-
cer Institute, National Institutes of Health. The funding body played no role
in study design, data collection, analysis, interpretation of data, or writing the
manuscript.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Institutional Review Board of the Office of
Human Research Ethics at the University of North Carolina at Chapel Hill.
Written informed consent for participation was obtained from participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Family Medicine, University of North Carolina at Chapel Hill
School of Medicine, 590 Manning Drive, Chapel Hill, NC 27599, USA.
’Department of Health Behavior, University of North Carolina at Chapel Hill
Gillings School of Global Public Health, Chapel Hill, NC, USA. 3NC
Translational and Clinical Sciences Institute, University of North Carolina at
Chapel Hill, Chapel Hill, NC, USA. “Department of Biostatistics, University of
North Carolina at Chapel Hill Gillings School of Global Public Health, Chapel
Hill, NC, USA. SDepartment of Nutrition, University of North Carolina at
Chapel Hill Gillings School of Global Public Health, Chapel Hill, NC, USA.
5Sheps Center for Health Services Research, University of North Carolina at
Chapel Hill, Chapel Hill, NC, USA. “School of Media and Journalism, University

Page 9 of 10

of North Carolina at Chapel Hill, Chapel Hill, NC, USA. ®Center for Health
Promotion and Disease Prevention, University of North Carolina at Chapel
Hill, Chapel Hill, NC, USA. Department of Family Medicine and Community
Health, Duke University School of Medicine, 2200 West Main Street, Suite
400, Durham, NC 27705, USA.

Received: 28 July 2019 Accepted: 18 November 2019
Published online: 29 November 2019

References

1. Centers for Disease Control and Prevention. State Indicator Report on
Physical Activity, 2014. https://www.cdc.gov/physicalactivity/downloads/PA_
State_Indicator_Report_2014.pdf. Accessed January 2018.

2. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the
evidence. CMAJ. 2006;174(6):801-9 Review.

3. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of
physical inactivity on major non-communicable diseases worldwide: an
analysis of burden of disease and life expectancy. Lancet. 2012,380(9838):
219-29. https://doi.org/10.1016/50140-6736(12)61031-9.

4. Gebel K, Ding D, Chey T, Stamatakis E, Brown WJ, Bauman AE. Effect of
moderate to vigorous physical activity on all-cause mortality in middle-aged
and older Australians. JAMA Intern Med. 2015;175(6):970-7. https://doi.org/
10.1001/jamainternmed.2015.0541.

5. Kruk J. Physical activity in the prevention of the most frequent chronic
diseases: an analysis of the recent evidence. Asian Pac J Cancer Prev. 2007;
8(3):325-38.

6. US. Department of Health and Human Services. In: Physical Activity
Guidelines for Americans; 2008. https://health.gov/paguidelines/pdf/
paguide.pdf. Accessed January 2018.

7. Centers for Disease Control and Prevention- National Center for Health
Statistics. Early Release of Selected Estimates Based on Data From the
January-June 2017 National Health Interview Survey. https://www.cdc.gov/
nchs/data/nhis/earlyrelease/earlyrelease201712.pdf. Accessed January 2018.

8. Centers for Disease Control and Prevention. Overcoming Barriers to Physical
Activity. https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html.
Accessed January 2018.

9. Justine M, Azizan A, Hassan V, Salleh Z, Manaf H. Barriers to participation in
physical activity and exercise among middle-aged and elderly individuals.
Singap Med J. 2013;54(10):581-6.

10. Stutts WC. Physical activity determinants in adults. Perceived benefits,
barriers, and self efficacy. AAOHN J. 2002;50(11):499-507.

11. Centers for Disease Control and Prevention. Strategies That Work for
Increasing Physical Activity. https://www.cdc.gov/cancer/dcpc/prevention/
policies_practices/physical_activity/strategies.htm. Accessed January 2018.

12. Tuso P. Strategies to increase physical activity. Perm J. 2015 Fall;19(4):84-8.
https://doi.org/10.7812/TPP/14-242.

13. Viera AJ, Tuttle L, Olsson E, Gras-Najjar J, Gizlice Z, Hales D, et al. Effects of
physical activity calorie expenditure (PACE) labeling: study design and
baseline sample characteristics. BMC Public Health. 2017 Sep 12;17(1):702.
https://doi.org/10.1186/512889-017-4710-0.

14.  Thaler RH, Sunstein CR. Nudge: improving decisions about health, wealth,
and happiness. New Haven: Yale University Press; 2008.

15. Long MW, Tobias DK, Cradock AL, Batchelder H, Gortmaker SL. Systematic
review and meta-analysis of the impact of restaurant menu calorie labeling.
Am J Public Health. 2015;105(5):e11-24. https://doi.org/10.2105/AJPH.2015.
302570 Epub 2015 Mar 19.

16. Blumenthal K, Volpp KG. Enhancing the effectiveness of food labeling in
restaurants. JAMA. 2010;303(6):553-4. https://doi.org/10.1001/jama.2010.85.

17. Swartz JJ, Braxton D, Viera AJ. Calorie menu labeling on quick-service
restaurant menus: an updated systematic review of the literature. Int J
Behav Nutr Phys Act. 2011;8:135. https://doi.org/10.1186/1479-5868-8-135.

18. Bleich SN, Economos CD, Spiker ML, Vercammen KA, VanEpps EM, Block JP, et al. A
systematic review of calorie labeling and modified calorie labeling interventions:
impact on consumer and restaurant behavior. Obesity (Silver Spring). 2017,25(12):
2018-44. httpsy//doi.org/10.1002/0by.21940 Epub 2017 Oct 17.

19.  Thorgeirsson T, Kawachi I. Behavioral economics: merging psychology and
economics for lifestyle interventions. Am J Prev Med. 2013 Feb;44(2):185-9.
https://doi.org/10.1016/j.amepre.2012.10.008.

20. Just DR, Payne CR. Obesity: can behavioral economics help? Ann Behav
Med. 2009;38(Suppl 1):547-55. https://doi.org/10.1007/512160-009-9119-2
Epub 2009 Sep 17.


https://www.cdc.gov/physicalactivity/downloads/PA_State_Indicator_Report_2014.pdf
https://www.cdc.gov/physicalactivity/downloads/PA_State_Indicator_Report_2014.pdf
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1001/jamainternmed.2015.0541
https://doi.org/10.1001/jamainternmed.2015.0541
https://health.gov/paguidelines/pdf/paguide.pdf
https://health.gov/paguidelines/pdf/paguide.pdf
https://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201712.pdf
https://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201712.pdf
https://www.cdc.gov/physicalactivity/basics/adding-pa/barriers.html
https://www.cdc.gov/cancer/dcpc/prevention/policies_practices/physical_activity/strategies.htm
https://www.cdc.gov/cancer/dcpc/prevention/policies_practices/physical_activity/strategies.htm
https://doi.org/10.7812/TPP/14-242
https://doi.org/10.1186/s12889-017-4710-0
https://doi.org/10.2105/AJPH.2015.302570
https://doi.org/10.2105/AJPH.2015.302570
https://doi.org/10.1001/jama.2010.85
https://doi.org/10.1186/1479-5868-8-135
https://doi.org/10.1002/oby.21940
https://doi.org/10.1016/j.amepre.2012.10.008
https://doi.org/10.1007/s12160-009-9119-2

Deery et al. BMC Public Health

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

(2019) 19:1596

Viera AJ, Gizlice Z, Tuttle L, Olsson E, Gras-Najjar J, Hales D, et al. Effect of
calories-only vs physical activity calorie expenditure labeling on lunch
calories purchased in worksite cafeterias. BMC Public Health. 2019;19(1):107.
https://doi.org/10.1186/512889-019-6433-x.

Resnicow K, McCarty F, Blissett D, Wang T, Heitzler C, Lee RE. Validity of a
modified CHAMPS physical activity questionnaire among African-Americans.
Med Sci Sports Exerc. 2003;35(9):1537-45.

Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS
physical activity questionnaire for older adults: outcomes for interventions.
Med Sci Sports Exerc. 2001 Jul;33(7):1126-41.

Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear
and nonwear time classification algorithm. Med Sci Sports Exerc. 2011 Feb;
43(2):357-64. https://doi.org/10.1249/MSS.0b013e318Ted61a3.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc. 2008;40(1):181-8.

Task Force on Community Preventive Services. Recommendations to increase
physical activity in communities. Am J Prev Med. 2002 May;22(4 Suppl):67-72.
Soler RE, Leeks KD, Buchanan LR, Brownson RC, Heath GW, Hopkins DH,

et al. Point-of-decision prompts to increase stair use. A systematic review
update. Am J Prev Med. 2010 Feb;38(2 Suppl):5292-300. https://doi.org/10.
1016/j.amepre.2009.10.028.

Dorresteijn JA, van der Graaf Y, Zheng K, Spiering W, Visseren FL. The daily
10 kcal expenditure deficit: a before-and-after study on low-cost
interventions in the work environment. BMJ Open. 2013;3(1). https://doi.org/
10.1136/bmjopen-2012-002125.

Bleich SN, Herring BJ, Flagg DD, Gary-Webb TL. Reduction in purchases of
sugar-sweetened beverages among low-income black adolescents after
exposure to caloric information. Am J Public Health. 2012;102(2):329-35.
https://doi.org/10.2105/AJPH.2011.300350 Epub 2011 Dec 15.

Viera AJ. Antonelli R2. Potential effect of physical activity calorie equivalent
labeling on parent fast food decisions. Pediatrics. 2015 Feb;135(2):e376-82.
https://doi.org/10.1542/peds.2014-2902.

Dowray S, Swartz JJ, Braxton D, Viera AJ. Potential effect of physical activity
based menu labels on the calorie content of selected fast food meals.
Appetite. 2013,62:173-81. https.//doi.org/10.1016/j.appet.2012.11.013 Epub
2012 Dec 7.

Fletcher GM, Behrens TK, Domina L. Barriers and enabling factors for work-
site physical activity programs: a qualitative examination. J Phys Act Health.
2008;5(3):418-29.

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status,
limitations, and future directions. Res Q Exerc Sport. 2000 Jun;71(2 Suppl)S1-14.
De Leon E, Fuentes LW, Cohen JE. Characterizing periodic messaging
interventions across health behaviors and media: systematic review. J Med
Internet Res. 2014;16(3):€93. https://doi.org/10.2196/jmir.2837.

Fry JP, Neff RA. Periodic prompts and reminders in health promotion and
health behavior interventions: systematic review. J Med Internet Res. 2009
May 14;11(2):e16. https://doi.org/10.2196/jmir.1138.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12889-019-6433-x
https://doi.org/10.1249/MSS.0b013e3181ed61a3
https://doi.org/10.1016/j.amepre.2009.10.028
https://doi.org/10.1016/j.amepre.2009.10.028
https://doi.org/10.1136/bmjopen-2012-002125
https://doi.org/10.1136/bmjopen-2012-002125
https://doi.org/10.2105/AJPH.2011.300350
https://doi.org/10.1542/peds.2014-2902
https://doi.org/10.1016/j.appet.2012.11.013
https://doi.org/10.2196/jmir.2837
https://doi.org/10.2196/jmir.1138

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and population
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

