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Introduction: Little is known about physical activity behaviors among people
with SUD. This study aimed to (a) describe self-reported moderate-to-vigorous
physical activity (MVPA) and sedentary (SED) behaviors of adults with SUD
initiating treatment (b), determine the potential contributions of drug of choice
(DOC) on these behaviors, and (c) determine the potential contributions of level
of care and demographic variables on these behaviors.

Methods: Secondary data that was collected via surveys including demographic
information, psychological health, drug of choice, MVPA (categorized as inactive,
insufficiently active, meets guidelines, exceeds guidelines) and SED (<4 h/day, 4-
<6 h/day, 6-8 h/day, >8 h/day) were analyzed from 1,293 patients in inpatient/
outpatient treatment facilities across the United States.

Results: On average, over half (51%) of patients entering treatment reported not
meeting guidelines, but sitting time was generally low (median= 360 min/day).
MVPA levels differed based on level of care (p<0.001) with 48% of patients in
detox facilities reporting inactivity compared to 37% in residential and 29% in
outpatient programs. MVPA and SED levels differed by sex with women less likely
to report sitting <4 h/day (27.9% vs. 38.2%, p<0.001) and more likely to report
sitting for >8 h/day (31.5% vs. 21.8%, p<0.001) compared to men. SED differed by
race (p=0.01), with 54% of Black patients reporting <4 h/day compared to 33% of
White patients.

Discussion: Understanding activity behavior patterns among individuals entering
SUD treatment provides opportunities for identifying the extent of lifestyle
behavior needs and opportunities to develop personalized treatment strategies.

KEYWORDS

sedentary, physical activity, behavior, substance use disorder, treatment

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2024.1348047&domain=pdf&date_stamp=2024-04-24
mailto:jdmeyer3@iastate.edu
https://doi.org/10.3389/fpsyt.2024.1348047
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2024.1348047
https://www.frontiersin.org/journals/psychiatry

Churchill et al.

1 Introduction

Substance use disorder (SUD) is a mental illness that results in
compulsive use of a substance (e.g., alcohol or drugs) which can lead
to harmful psychological and physical changes (e.g., cognitive
impairment, harm to vital organs; 1). According to the 2020
National Survey on Drug Use and Health report, 40.3 million
people aged 12 or older in the United States had a SUD in the
past year, with 28.3 million people having an alcohol use disorder,
18.4 million people having a drug use disorder, and 6.5 million
people having both (2). An estimated 1.4% (4.0 million people)
received substance use treatment in 2020, 17.2% (362,000 people)
received medication-assisted treatment for alcohol use, and 30.5%
(798,000 people) received medication-assisted treatment for opioid
use (2). Thus, SUD is a major public health concern.

Physical activity may be beneficial in alleviating psychological and
physical symptoms associated with SUD, however there is limited data
on current activity behaviors of those with SUD entering treatment.
Understanding moderate-to-vigorous physical activity (MVPA) or
sedentary (SED) behavior and SUD relationships is important as
increasing physical activity could be a promising adjunctive
treatment option for reducing substance use (3). However, many of
the observational studies that have examined the relationship between
activity behaviors and substance use have been conducted with
adolescents or young adults with inconsistent activity definitions
(e.g., sport participation) and in populations without SUD. Prior
evidence has found tobacco and cannabis use in adolescents were
associated with low activity (4). Several studies have found a positive
relationship between physical activity and alcohol use in adolescents
(5-8). Further, Lesjak and Stanojevic-Jerkovic (9) found sedentary
activities such as watching TV and using the computer for more than
two hours a day were associated with heavy episodic drinking in
adolescents (9). The general adult population literature suggests inverse
associations between activity behaviors and problematic substance use
(5), but the relationships between activity behaviors in patients with
SUD remains understudied.

Little published research has described behavioral patterns or
evaluated the relationships between physical activity engagement and
key characteristics of SUD. SED levels may also be particularly
important in people with SUD who have high depression and
anxiety—common symptoms of SUD (10, 11). Drawing
conclusions about the utility of SUD in a clinical setting is
challenging as much of the past research has classified SUD by
amount of the substance (e.g., alcoholic drinks/week) rather than
using gold-standard clinical assessments of clinical SUDs.
Additionally, the scant research that has attempted to evaluate
behavioral patterns in SUD lacks certain analyses relevant to key
characteristics related to SUD such as drug of choice (DOC) or level
of care. Therefore, current research is missing information about
clinical features of SUD in the adult population, which is important to
understanding how physical activity engagement is related to
clinically diagnosed SUD.

The present weaknesses in the literature have created a need for
research that describes MVPA and SED behavior patterns, which
represent two major modifiable behaviors preliminarily associated
with SUD. Thus, quantification of both MVPA and SED behaviors
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in SUD patient populations (those initiating inpatient and
outpatient SUD treatment) is a necessary step for determining the
utility and parameters of future behavioral interventions. Further,
additional information is needed on how activity behaviors differ by
individual characteristics (e.g., sex, race, and age). Therefore, this
study aims to (1) describe current self-reported MVPA and SED
levels of those initiating treatment, (2) determine the potential
contribution of DOC on these behaviors, and (3) determine the
potential contribution of level of care and other demographic and
psychological factors on these behaviors.

2 Methods
2.1 Procedures

Data was obtained from TRAC-9 Informatics (12), a software
tool that was developed by a private company to allow SUD
treatment facilities to monitor treatment progress, outcomes, and
predict risk of treatment failure. TRAC-9 includes a standardized
battery of clinical self-report assessments for patients in SUD
treatment facilities across the United States that include measures
associated with recovery, clinical symptoms of SUD, and mental
health. De-identified data was combined from each treatment
facility and exported from the TRAC-9 database. As only de-
identified data was shared with the research team, the project
does not meet the United States federal regulatory definition of
“human subjects” research, therefore, IRB oversight was not
necessary for the present study. Data was shared from August
2020 to October 2020 in patients beginning treatment (i.e., intake
visit) for SUD from 27 different facilities. The software tool assesses
several self-reported factors associated with successfully completing
a recovery program (e.g., commitment to sobriety, anxiety
symptoms, and depressive symptoms). Through a partnership
with the research team, the International Physical Activity
Questionnaire Short Form [IPAQ-SF; (13)] was added as a
TRAC-9 standardized assessment to evaluate MVPA and SED
levels. Thus, the full dataset included: demographics, DOC, level
of care, MVPA and SED levels, and nine mental health
questionnaires (not described or used herein). TRAC-9
Informatics had no role in the processing, analyzing, writing, or
dissemination of this analysis.

2.2 Measures

2.2.1 Demographic factors

Participants reported age, sex (the categories were labeled
“Male” and “Female” will be referred to as “men” and “women”,
respectively, herein), race (the category was labeled “African
American” will be referred to as “Black” herein 14), ethnicity, and
employment (free text responses).

2.2.2 Drug of choice
Clinicians assessed preferred DOC. Response categories were
alcohol, cocaine, stimulants, opioids, cannabis, methamphetamines,

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1348047
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Churchill et al.

benzodiazepine, heroin, or other. Due to potential differences in
activity level between substance type (i.e., drugs versus alcohol),
alcohol was analyzed separately for Aim 2a (15, 16).

2.2.3 Level of care

TRAC-9 is used by facilities across all levels of care. Thus,
individual participant level of care was coded as detox, residential,
Partial Hospitalization Program (PHP)/Intensive Outpatient
Programs (IOP), or private practice.

2.2.4 Depressive symptoms and
anxiety symptoms

Depression and anxiety are common symptoms of patients with
SUD. Depressive symptoms and anxiety symptoms were assessed
based on established thresholds. The Center for Epidemiological
Studies Depression Scale-20 [CES-D 20; o. = 0.85-0.90 (17)] was
used to assess depressive symptom. The questionnaire contains 20
prompts with response choices of “Rarely or none of the time (less
than 1 day),” “Some or a little of the time (1-2 days),”
or a moderate amount of time (3-4 days),” or “Most or all of the

Occasionally

time (5-7 days).” All items were summed with total scores ranging
from 0 to 60, and higher scores indicating more frequent depressive
symptoms. Depressive symptoms were categorically coded into
binary variables (yes/no) based on the CES-D 20 clinical cut
point of mild to severe depressive symptoms (=16 is indicative of
individuals at risk for clinical depression; Aim 3). The Penn State
Worry Questionnaire [0t=0.88-0.95; (18)], was used to assess the
trait worry, a key component of anxiety. Participants responded to
16 statements about their disposition to worry using a Likert-style
scale ranging from 1 (“not at all typical of me”) to 5 (“very typical of
me”). Total scores range from 16-80, indicating low (16-39),
moderate (40-59) and high (60-80) worry. Similar to depressive
symptoms, trait worry was categorically coded into binary variables
(yes/no) based on the clinical cut point of moderate to severe trait
worry (240 is indicative of individuals with higher trait worry;
Aim 3).

2.2.5 Physical activity and sedentary time

The IPAQ-SF (0. = 0.80; 13) was used to assess MVPA and SED
behaviors. Standard IPAQ-SF instructions were used to explain how
to fill out the type of activity and the amount of time spent on
activity. Patients read and responded to the following questions:
“During the last 7 days, on how many days did you do [walking,
moderate activity, vigorous activity] and “how much time in total
per day have you spent [sitting, walking, on moderate activity, on
vigorous activity]”. Prior evidence (19) has found MVPA to be
associated with increased abstinence rates and decreased depressive
symptoms in individuals who use drugs as well as a decrease in
withdrawal and anxiety symptoms in individuals who use drugs or
alcohol, therefore activity data was converted to MVPA (i.e., time
spent on moderate and vigorous activity) rather than MET minutes.
Walking was excluded from the analysis to minimize over reporting
(20). According to the US Physical Activity Guidelines, one minute
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of vigorous-intensity is equivalent to 2 minutes of moderate-
intensity activity. Thus, we added weekly minutes of moderate
activity to twice the number of weekly minutes of vigorous activity
in order to get weekly MVPA (21). For MVPA, participants were
categorized based on meeting aerobic US Physical Activity
Guidelines (i.e., inactive [0 min/week], insufficiently active [1-149
min/week], meets guidelines [150-299 min/week], exceeds
guidelines [> 300 min/week] (21);. Similar to methods carried out
by Ekelund et al. (22), SED was categorized into four groups based
on self-reported daily SED (i.e., < 4 h/day [0-239 min/day], 4- <6 h/
day [240-359 min/day], 6-8 h/day [360-480 min/day], >8 h/day
[>480 min/day] (22).

2.3 Data cleaning process

Initially, a total of 861 moderate, 917 vigorous, and 1,672
sedentary data points were entered by participants. Physical
activity and sedentary data entries (all of which had been entered
using free-text) were screened to convert text responses to numeric
values, where appropriate (cleaning procedures in Supplementary
File). For example, a common error was input of non-numerical
answers intended to be numerical (e.g., “60 min”, “1 hour”, “an
hour”). Data entered that was unusable (e.g., answers such as “a lot”
or “idk”) were excluded from the analysis. After identification of
common errors, data was imported to R (23) and R (24) for data
cleaning and analysis. All times for sitting, moderate, and vigorous
activity were converted to minutes. As recommended by the IPAQ
Research Committee (2005), standard TPAQ data cleaning rules
were followed resulting in the exclusion of anyone reporting > 960
min/day of MVPA or daily SED > 1,200 min/day equivalent to 20 h/
day (25). If participants did not report data for both SED and
MVPA, they were excluded from the analysis resulting in the total
exclusion of 367 data entries, leaving 1,293 complete data entries to
be analyzed.

2.4 Statistical analysis

All analyses were conducted with R (23) and R Studio (24).
Normality of the data was tested using a Shapiro-Wilk test with
distributions of weekly self-reported MVPA (W= 0.61, p < 0.001)
and SED (W= 0.93, p < 0.001) minutes departing significantly from
normality. Thus, for aim 1, rates of participating in each activity
behavior are described by medians and interquartile range.
Percentages of participants reporting each level of behavior were
calculated to describe current MVPA and SED levels by group. For
aim 2, a zero-inflated Poisson regression was used to compare self-
reported mean MVPA levels (26) and a t-test was used to compare
self-reported mean SED levels between patients in treatment for
drugs vs. alcohol. Chi-square tests were used for aims 2 and 3 to
determine if proportions of participants self-reporting each activity
behavior level were different based on individual DOC (Aim 2),
level of care, psychological health, and demographic factors (Aim
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3). Differences in activity based on DOC were first examined by
DOC group (i.e., alcohol vs. all drugs) and then by specific DOC
(Aim 2). One assumption of a Chi-square test is every level of a
group has an adequate sample size with a cell expected value at 5 or
more and no cell should have an expected value of less than one
(27). Individual (n=2; Level of Care), the assignment of a sex other
than male or female (n=2; Sex), and the age groups of 65-74 (n=22)
and 75+ (n= 3; Age) violated the cell expected value assumption and
were subsequently dropped from this analysis. Further, to satisfy the
cell expected value assumption, people who identified as Asian
(n=6), Native American (n=16), and Native Hawaiian/Pacific
Islander (n=5) were added into “other” of the Race group. Post-
hoc chi-square tests were conducted to determine significant
pairwise differences (Aim 2 and Aim 3; o = 0.05). The analyses
conducted within this manuscript have not been pre-registered and
the results should be considered exploratory.

3 Results

A majority of participants with usable data (n=1,293) were
White (87%), men (66%), between the ages of 25-34 (27%). Most of
the participants in this analysis were receiving residential care
(70%), entering treatment for alcohol use disorder (52%),
and many reported depressive symptoms (80%) and anxiety
symptoms (81%). Chi-square analyses revealed no statistically
significant difference between people who were included vs.
excluded in the analysis based on demographics (p > 0.05). Full
study sociodemographic characteristics are classified by MVPA and
SED behaviors in Table 1.

3.1 Aim 1: current MVPA and SED levels

Median self-reported MVPA time was 120 min/week (IQR: 0-
630 min/week) and median SED level was 360 min/day (IQR: 180-
540 min/day). Participants reporting each level of behavior of
MVPA and SED are presented in Figure 1.

3.2 Aim 2a: alcohol vs. drugs and
activity behaviors

There was no significant difference in MVPA time for patients
admitted for drug use (mean= 535.58 min/week + 935.24 standard
deviation) compared to alcohol use (486.18 min/week + 852.15; 3=
-0.05, p= 0.61). There was no significant difference in average SED
time for patients admitted for drug use (395.44 min/day + 290.64)
compared to alcohol use (M= 396.52 min/day + 261.01; #(1253.4)=
0.06, p= 0.94). Figure 2 shows the distribution of people taking
drugs compared to alcohol in each activity group. There was no
significant association between the percentage of people in each
MVPA group and DOC group (alcohol vs. drugs: x*(3, 1293)= 0.94,
p=0.81, V= 0.03). There was a statistically significant relationship
between DOC group based on SED group with a small to medium
effect size (x%(3, 1293)= 10.06, p=0.01, V= 0.08).
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3.3 Aim 2b: individual drugs and
activity behaviors

There was no significant difference between the percentage of
people in each group for either MVPA (y* (21, 1293) = 21.40, p =
0.43, V= 0.07; Figure 3) or SED (x (21, 1293) = 23.05, p = 0.34, V=
0.07; Figure 4) when participants were separated based on
each DOC.

3.4 Aim 3: demographic and
activity behaviors

Overall model results including significant pairwise differences
are presented in Table 1. There was a significant difference in the
percentage of people in each MVPA group based on level of care ()
(6,1291) = 28.59, p < 0.001, V= 0.09) and sex (x* (3, 1291) = 23.52,
p < 0.001, V= 0.13). Significant differences for MVPA levels
emerged for age (x* (12, 1268) = 21.84, p = 0.03, V= 0.05). There
was a significant difference in the percentage of people in each
MVPA group based on depressive symptoms (3 (3, 1293) = 16.96,
p < 0.001, V= 0.10). No significant differences emerged for race ()
(6,1293) = 7.57, p = 0.27, V= 0.02), ethnicity (x* (3, 1293) = 5.32, p=
0.14, V= 0.04), employment (XZ (3,1293) =6.73, p = 0.08, V= 0.05),
and anxiety symptoms (x2 (3, 1293) = 3.75, p = 0.28, V= 0.02).

There was a significant difference in the percentage of people in
each SED group based on sex (> (3, 1291) = 19.74, p < 0.001, V=
0.11), race (x2 (6,1293) =19.81, p = 0.002, V= 0.07), and depressive
symptoms (y* (3, 1293) = 18.16, p < 0.001, V= 0.11). No significant
results of SED levels emerged for level of care (XZ (6, 1291) = 9.76,
p = 0.13, V= 0.04), age (x> (12, 1268) = 16.59, p = 0.16, V= 0.03),
ethnicity (x> (3, 1293) = 0.14, p = 0.98, V= 0.01), employment ()*
(3,1293) = 1.51, p = 0.67, V= 0.03), and anxiety symptoms (Xz @3,
1293) = 4.78, p = 0.18, V= 0.04).

4 Discussion

This study examined rates of physical activity and sedentary
behavior among individuals entering treatment for SUD and their
distribution across demographic and clinical factors. The key
findings in our analysis include: (1) approximately 51% of
patients entering treatment self-reported not meeting the aerobic
activity guidelines, but most (57%) reported sitting less than 6 hours
per day; (2) there was no significant difference between average
MVPA and SED time for patients admitted for drugs vs. alcohol and
or among different drug types; and (3) MVPA groups differed by
level of care, with detox facilities having a higher percentage of
physically inactive patients compared to residential facilities and
IOP/PHP. Women were more likely to report physical inactivity
compared to men, while Black patients were more likely to report
low sitting time (<4 h/day) compared to White patients or other
races. Finally, those reporting depressive symptoms were more
likely to be inactive and report high levels of sitting time (> 8 h/
day) compared to those who did not report depressive symptoms.
Overall, the present study’s results provide strong descriptive
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TABLE 1 Sociodemographic Characteristics of Participants by Activity Behavior.

MVPA n (%) SED n (%)

Insufficiently Meets Exceeds 4-<6 6-8
Inactive Active Guidelines Guidelines h/day h/day

Level of Care
112
Detox 310 | 151 (48%)* 36 (12%) 30 (10%) 93 (30%) ° (36%) 56 (18%) 55 (18%) | 87 (28%)
IOP/PHP 72 21 (29%) © 7 (10%) 2 (3%) 42 (58%) © 32 (44%) 17 (24%) 12 (17%) | 11 (15%)
334 301 227
Residential 909 (37%) ® 110 (12%) 89 (10%) 376 (41%) *° (33%) 211 (23%) | 170 (19%) (25%)
Individual* 2 0 (0%) 0 (0%) 0 (0%) 2 (100%) 2 (100%) 0 (0%) 0 (0%) 0 (0%)
Age
16-24 211 | 70 (33%) ° 29 (14%) 18 (8%) 94 (45%) 79 (37%) 44 (21%) 44 (21%) | 44 (21%)
125 114 101
25-34 345 (36%) ° 48 (14%) 32 (9%) 140 (41%) (33%) 69 (20%) 61 (18%) (29%)
126 126
35-44 341 (37%) ® 34 (10%) 40 (12%) 141 (41%) (37%) 89 (26%) 50 (15%) | 76 (22%)
103
45-54 236 (44%) ® 24 (10%) 18 (8%) 91 (38%) 74 (31%) 48 (20%) 51(22%) | 63 (27%)
55-64 135 69 (51%)* 15 (11%) 13 (10%) 38 (28%) 49 (36%) 25 (19%) 27 (20%) | 34 (25%)
65-74* 22 11 (50%) 3 (14%) 0 (0%) 8 (36%) 4 (18%) 9 (41%) 4 (18%) 5 (23%)
75+% 3 2 (67%) 0 (0%) 0 (0%) 1 (33%) 1 (33%) 0 (0%) 0 (0%) 2 (67%)
Sex
309 325 186
Male 854 (36%) * 93 (11%) 73 (9%) 379 (44%) * (38%) * 191 (22%) 152 (18%) | (22%) *
196 122 137
Female 437 (45%) ® 60 (14%) 48 (11%) 133 (30%) ° (28%) ® 93 (21%) 85 (20%) (31%) ®
Other* 2 1 (50%) 0 (0%) 0 (0%) 1 (50%) 0 (0%) 0 (0%) 0 (0%) 2 (100%)
Race
372 297
White 1130 | 447 (40%) 139 (12%) 106 (9%) 438 (39%) (33%) * 256 (23%) | 205 (18%) (26%)
34
Black 63 24 (38%) 7 (11%) 8 (13%) 24 (38%) (54%) ® 5 (8%) 13 (21%) 11 (17%)
41 (41%)
Other 100 35 (35%) 7 (7%) 7 (7%) 51 (51%) ab 23 (23%) 19 (19%) 17 (17%)
Ethnicity
Hispanic/
Latino 93 41 (44%) 9 (10%) 3 (3%) 40 (43%) 33 (36%) 19 (20%) 17 (18%) | 24 (26%)
Not 414 301
Hispanic/Latino | 1200 465 (39%) 144 (12%) 118 (10%) 473 (39%) (35%) 265 (22%) | 220 (18%) (25%)
Employment
204 147
Employed 594 212 (36%) 72 (12%) 54 (9%) 256 (43%) (34%) 139 (23%) | 104 (18%) (25%)
243 178
Unemployed 699 | 294 (42%) 81 (11%) 67 (10%) 257 (37%) (35%) 145 (21%) | 133 (19%) (25%)

(Continued)
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TABLE 1 Continued

MVPA n (%) SED n (%)
Insufficiently Meets Exceeds 4-<6 6-8
Inactive Active Guidelines Guidelines h/day h/day
Depression
429 345 285
Yes 1,039 (41%) * 127 (12%) 99 (10%) 384 (37%) * (33%) 215 (21%) | 194 (19%) = (27%)*
102 40
No 254 77 (30%) ® 26 (10%) 22 (9%) 129 (51%) ® (40%) 69 (27%) 43 (17%) (16%) ®
Anxiety
369 272
Yes 1,049 | 419 (40%) 117 (11%) 101 (10%) 412 (39%) (35%) 221 (21%) | 187 (18%) (26%)
No 244 87 (36%) 36 (15%) 20 (8%) 101 (41%) 78 (32%) 63 (26%) 50 (20%) 53 (22%)

MVPA, moderate-vigorous physical activity; SED, sedentary; IOP, intensive outpatient programs; PHP, partial hospitalization program.

Cells that are marked that share a superscript letter are not significantly different from each other according to the chi-square analysis from Aim 3.

*> Comparisons are being made within the group within the column (e.g., inactive, detox is significantly different from inactive, IOP/PHP for MVPA).

*Due to a small cell count, individual facility (level of care), 65-75+ (age), and other (sex) were dropped from the Aim 3 analysis and racial groups other than.

White and Black were combined into an “other” category.

epidemiological data regarding current activity behaviors from a
large sample entering treatment for SUD.

Median self-reported MVPA was 120 min/week (n=1,293)—
insufficient to meet the recommended 150 min/week. About half of
the patients (51%) reported not meeting the guidelines, while the
other half (49%) met or exceeded them. Our data exhibited a U-
shaped association (i.e., largest numbers self-reporting amounts in
the smallest and largest categories of MVPA and SED), similar to a
previous large-scale observational study analyzing the association
between physical and mental health, where many participants
reported low or high activity levels with relatively few participants
reporting amounts of activity in between (28). Additionally, as of
2018, 53.3% of adults over the age of 18 reported meeting the US
Physical Activity Guidelines, aligning closely with our distribution
(29). Moreover, our analysis revealed a median SED of 6 h/day. This
finding a comparable to the results of a serial, cross-sectional

A MVPA

40%- 39.7%
30%-

20%-

10%-

Distribution in Each Group

0%-

lnac:tivc Insufﬁcl;icmly Mc‘cts Exc‘ccds
(n=506) Active Guidelines  Guidelines
(n=153) (n=121) (n=513)

FIGURE 1

analysis of the National Health and Nutrition Examination
Survey 2001-2016 where Yang et al. (30) found the average self-
reported SED time for US adults was 5.2-5.6 h/day (30). Taken
together, these findings show activity levels of patients entering
treatment for SUD are similar to the general population.

While there were no significant differences in mean MVPA and
SED between patients admitted for drugs compared to alcohol, it is
notable patients in treatment for alcohol reported higher sitting
times across SED groups compared to patients in treatment for drug
use. Previous research has shown people who consume hazardous
amounts of alcohol are more likely to have high sedentary time in
their leisure time than those who drink a low amount of alcohol
(31). However, the relationship between drug use and activity
behaviors is understudied. In the current analysis, we combined
all drugs together and compared them with alcohol use as there is
evidence that suggests alcohol is associated with physical activity

B SED

40%-

30%-

251%

20%-

10%-

0%-

>8 h}day
(n=325)

6-8 hl/day
(n=237)

4-<6 h/day
(n=284)

<4 h}day
(n=447)

The percentage of adults with SUD in each activity group based on self-reported (A) weekly MVPA and (B) daily SED. Panel A shows the percentage
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differently than drugs (5). Further, high physical activity is
associated with high alcohol intake in most general adult
populations, though less is known of this association among
clinical alcohol use disorder (32). Therefore, this associative
difference might be applicable to sedentary behavior as well.
However, when the analysis was conducted across the individual
drugs, there was insufficient evidence to identify relationships
between the individual substances and activity behaviors. In our
study, a majority of patients were in treatment for alcohol use,
therefore is it plausible the low frequency of patients in the different
drug categories was not enough to find an association between
individual drugs and activity behaviors.

In the current analyses we analyzed how several different
demographic factors related to activity behaviors. Within the level

of care, individuals entering detox facilities were more likely to self-
report inactivity compared to those entering residential facilities,
and individuals entering IOP/PHP facilities were more likely to self-
report exceeding the guidelines compared to those entering detox
facilities. According to the American Society of Addiction
Medicine, the level of care provided to the patient depends on
several criteria (i.e., severity of addiction, behavioral control,
readiness for change, etc; 33). Further, the severity of the patients’
medical history may influence the required level of care, potentially
limiting their ability to engage in exercise (33). For example,
patients that are entering detox facilities may have more serious
medical limitations that prevent them from exercise compared to
patients who are entering outpatient facilities. Therefore, the
activity behavioral profiles of each patient that enters the different
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treatment facilities could be associated with the nature and/or
severity of the addiction and the patients’ medical history.

In addition to level of care, sex was associated with self-reported
activity level. In our findings, women were more likely to report
inactivity and high sitting time (>8 h/day) compared to men, which is
a pattern found in the general adult population (34). Prior research
has found that SUD affects men and women differently. McHugh
et al’s (35) systematic review found certain biological factors (e.g.,
hormones) can influence the acute effects of substance use and the
response to treatments. Further, they found SUDs are more severe in
women than in men as women appear to be more likely to report
using substances to help alleviate anxiety symptoms (35). However,
given that the present study is a descriptive analysis, it is important to
acknowledge the potential for multiple factors contributing to our
results, thus potentially raising a confounding concern. For example,
existing literature has highlighted that women with addictive
disorders tend to exhibit higher levels of depressive symptoms (36).
Consequently, a logical next step would involve conducting analyses
that effectively control for confounding variables. Additionally, Black
patients were more likely to report low sitting time (<4 h/day)
compared to White patients or patients from other racial groups.
This result is inconsistent with the findings of Yang et al. (30) who
found Black individuals in the general adult population were at a
higher risk of prolonged sitting time than White individuals (30).
Conversely, while Cohen et al. (37) found Black individuals are more
likely to spend a longer amount of time engaged in certain sedentary
behaviors (i.e., watching television) compared to White individuals,
there was a minimal difference found for overall daily sedentary
behaviors in these participants entering SUD treatment (37). Overall,
our findings suggest that both the DOC and demographic
backgrounds may contribute to physical activity and sedentary
behaviors in SUD.

Frontiers in Psychiatry

Finally, we found individuals who reported depressive
symptoms were more likely to be inactive, less likely to exceed
guidelines, and more likely to report high SED levels (>8 h/day)
compared to those who reported no depressive symptoms. Prior
evidence has confirmed adults with depressive symptoms tend to
engage in low levels of physical activity and report high levels of
sedentary behavior (38), therefore the results of our study were in
line with previous research. Further, as rates of depressive
symptoms are typically high among people with SUD (39), it is
unsurprising that 80% of our respondents reported sufficient
frequency of symptoms to be indicative of clinical depression.

4.1 Limitations

This analysis has several limitations to consider. Firstly, is
should be noted that our study is based on a cross-sectional
analysis of patients entering treatment. Additionally, our research
predominately focuses on aerobic activity, which only accounts for
half of the US Physical Activity Guidelines, as the guidelines also
recommend a minimum of 2 days/week of muscle-strengthening
activities. Both SED and MVPA levels were self-reported, and
people tend to over report MVPA and underreport SED. We
attempted to minimize inaccurate self-reporting by following
established protocol in data analysis (25). These results represent
levels of behavior upon arrival for treatment, therefore we cannot
make conclusions about physical activity behaviors within
treatment for SUD. It is likely that because activity assessments
were taken at baseline, patients may be conflating some of their
initial activity time at the treatment facility with their activity in the
few days prior to treatment, given that the IPAQ is a 7-day recall
assessment. However, despite these limitations, describing baseline
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MVPA and SED levels in a large sample of treatment-initiating
patients provides the foundation for determining the potential
room to change MVPA/SED in SUD treatment in the future.

5 Conclusions

Our findings show MVPA and SED patterns of SUD patients
upon treatment initiation hold significant room to increase MVPA
and decrease SED levels (similar to the general adult population
where both behaviors are key lifestyle behavior targets). As the
association of activity behaviors and individual drug of choice was
unclear, more research is needed to determine how individual
substances may influence activity behaviors. Due to differences in
behavioral patterns based on DOC, level of care, psychological
factors, and demographics, treatment facilities might be able to
target behavioral programs to specific subgroups with especially
low likelihoods of current activity participation or high SED (e.g.,
women, patients in detox facilities, patients with depressive
symptoms). Overall, activity behavior patterns in patients entering
treatment for SUD may offer insight into assessing lifestyle behavior
needs and developing personalized treatment strategies.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: This data was from a partnership with a
company. Requests to access these datasets should be directed to
Trac9 contact@trac9.com.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

SC: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Software, Visualization, Writing -

References

1. NIDA. National Institute on Drug Abuse. Understanding Drug Use and
Addiction DrugFacts (2018). Available online at: https://nida.nih.gov/publications/
drugfacts/understanding-drug-use-addiction.

Frontiers in Psychiatry

10.3389/fpsyt.2024.1348047

original draft, Writing - review & editing. JL: Conceptualization,
Formal analysis, Investigation, Software, Supervision, Visualization,
Writing - original draft, Writing - review & editing. AB:
Conceptualization, Data curation, Formal analysis, Investigation,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. JM: Conceptualization, Data curation,
Formal analysis, Investigation, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing - original
draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The author(s) acknowledge that the reported results are based
on deidentified data from Trac9.com outcomes research. This paper
may not represent the opinions of Trac9.com, nor is Trac9.com
responsible for any of its content. No renumeration for the
associated work was provided by either party.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/
full#supplementary-material

2. Substance Abuse and Mental Health Services Administration. Key substance use
and mental health indicators in the united states: results from the 2020 national
survey on drug use and health. Rockville, MD: Center for Behavioral Health Statistics

frontiersin.org


mailto:contact@trac9.com
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1348047/full#supplementary-material
https://nida.nih.gov/publications/drugfacts/understanding-drug-use-addiction
https://nida.nih.gov/publications/drugfacts/understanding-drug-use-addiction
https://doi.org/10.3389/fpsyt.2024.1348047
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Churchill et al.

and Quality, Substance Abuse and Mental Health Services Administration. (2021)
Vol. 156.

3. Linke SE, Ussher M. Exercise-based treatments for substance use disorders:
evidence, theory, and practicality. Am ] Drug Alcohol Abuse. (2015) 41:7-15.
doi: 10.3109/00952990.2014.976708

4. Pate RR, Heath GW, Dowda M, Trost SG. Associations between physical activity
and other health behaviors in a representative sample of US adolescents. Am ] Public
Health. (1996) 86:1577-81. doi: 10.2105/AJPH.86.11.1577

5. Brellenthin AG, Lee D-c. Physical activity and the development of substance use
disorders: current knowledge and future directions. Prog Prev Med (N Y). (2018) 3:
€0018. doi: 10.1097/pp9.0000000000000018

6. Dodge T, Clarke P, Dwan R. The relationship between physical activity and
alcohol use among adults in the United States. Am ] Health Promot. (2017) 31:97-108.
doi: 10.1177/0890117116664710

7. Dunn MS. Association between physical activity and substance use behaviors
among high school students participating in the 2009 Youth Risk Behavior Survey.
Psychol Rep. (2014) 114:675-85. doi: 10.2466/18.06.PR0.114k28w7

8. Moore MJ, Werch CEC. Sport and physical activity participation and substance
use among adolescents. J Adolesc Health. (2005) 36:486-93. doi: 10.1016/
j.jadohealth.2004.02.031

9. Lesjak V, Stanojevic-Jerkovic O. Physical activity, sedentary behavior and
substance use among adolescents in Slovenian urban area. Zdr Varst. (2015) 54:168-
74. doi: 10.1515/sjph-2015-0024

10. Park JH, Moon JH, Kim HJ, Kong MH, Oh YH. Sedentary lifestyle: overview of
updated evidence of potential health risks. Korean ] Fam Med. (2020) 41:365-73.
doi: 10.4082/kjfm.20.0165

11. West AB, Bittel KM, Russell MA, Evans MB, Mama SK, Conroy DE. A
systematic review of physical activity, sedentary behavior, and substance use in
adolescents and emerging adults. Transl Behav Med. (2020) 10:1155-67.
doi: 10.1093/tbm/ibaa008

12. TRACY Informatic. Unpublished raw dataset on the associations of substance use
and activity behaviors. Lubbock, Texas: TRACY Informatics (2020).

13. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc. (2003) 35:1381-95. doi: 10.1249/01.MSS.0000078924.61453.FB

14. Flanagin A, Frey T, Christiansen SL, Bauchner H. The reporting of race and
ethnicity in medical and science journals: comments invited. JAMA. (2021) 325:1049-
52. doi: 10.1001/jama.2021.2104

15. Buscemi J, Martens MP, Murphy JG, Yurasek AM, Smith AE. Moderators of the
relationship between physical activity and alcohol consumption in college students. J
Am Coll Health. (2011) 59:503-9. doi: 10.1080/07448481.2010.518326

16. Terry-McElrath YM, O’Malley PM. Substance use and exercise participation
among young adults: parallel trajectories in a national cohort-sequential study.
Addiction. (2011) 106:1855-65; discussion 1866-1867. doi: 10.1111/j.1360-
0443.2011.03489.x

17. Radloff LS. The CES-D scale: A self-report depression scale for research in the
general population. Appl psychol measurement. (1977) 1:385-401. doi: 10.1177/
014662167700100306

18. Meyer TJ, Miller ML, Metzger RL, Borkovec TD. Development and validation of
the penn state worry questionnaire. Behav Res Ther. (1990) 28:487-95. doi: 10.1016/
0005-7967(90)90135-6

19. Wang D, Wang Y, Wang Y, Li R, Zhou C. Impact of physical exercise on
substance use disorders: a meta-analysis. PloS One. (2014) 9:e110728. doi: 10.1371/
journal.pone.0110728

20. Rzewnicki R, Vanden Auweele Y, De Bourdeaudhuij I. Addressing overreporting
on the International Physical Activity Questionnaire (IPAQ) telephone survey with a
population sample. Public Health Nutr. (2003) 6:299-305. doi: 10.1079/PHN2002427

Frontiers in Psychiatry

10

10.3389/fpsyt.2024.1348047

21. US Department of Health and Human Services. Physical activity guidelines for
americans. Washington, DC: U.S. Department of Health and Human Services. (2018)
Vol. 118. p. 2nd edition.

22. Ekelund U, Steene-Johannessen J, Brown W], Fagerland MW, Owen N, Powell KE,
et al. Does physical activity attenuate, or even eliminate, the detrimental association of
sitting time with mortality? A harmonised meta-analysis of data from more than 1 million
men and women. Lancet. (2016) 388:1302-10. doi: 10.1016/S0140-6736(16)30370-1

23. R Core Team. A language and environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing (2018). Available at: http://www.R-project.org/.

24. R Studio Team. R Studio: Integrated development for R. Boston, MA: RStudio
PBC (2015). Available at: http://www.rstudio.com/.

25. IPAQ Research Committee. Guidelines for data processing and analysis of the
International Physical Activity Questionnaire (IPAQ)-short and long forms (2005).
Available online at: http://www.ipaq.ki.se/scoring.pdf.

26. Green JA. Too many zeros and/or highly skewed? A tutorial on modelling health
behaviour as count data with Poisson and negative binomial regression. Health Psychol
Behav Med. (2021) 9:436-55. doi: 10.1080/21642850.2021.1920416

27. McHugh ML. The Chi-square test of independence. Biochem Med (Zagreb).
(2013) 23:143-9. doi: 10.11613/issn.1846-7482

28. Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, Krystal
JH, et al. Association between physical exercise and mental health in 1.2 million
individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet
Psychiatry. (2018) 5:739-46. doi: 10.1016/S2215-0366(18)30227-X

29. Centers for Disease Control and Prevention. Exercise/physical activity.
Hyattsville, MD: National Center for Health Statistics (2021). Available at: https://
www.cdc.gov/nchs/fastats/exercise.htm.

30. Yang L, Cao C, Kantor ED, Nguyen LH, Zheng X, Park Y, et al. Trends in
sedentary behavior among the US population, 2001-2016. JAMA. (2019) 321:1587-97.
doi: 10.1001/jama.2019.3636

31. Hallgren M, Vancampfort D, Nguyen TTD, Ekblom-Bak E, Wallin P, Andersson
G, et al. Physical activity, sedentary behavior, and cardiorespiratory fitness in hazardous
and non-hazardous alcohol consumers. Am ] Health Promot. (2021) 35:669-78.
doi: 10.1177/0890117120985830

32. Leasure JL, Neighbors C, Henderson CE, Young CM. Exercise and alcohol
consumption: what we know, what we need to know, and why it is important. Front
Psychiatry. (2015) 6. doi: 10.3389/fpsyt.2015.00156

33. Morey LC. Patient placement criteria: linking typologies to managed care.
Alcohol Health Res World. (1996) 20:36-44.

34. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys
with 1-9 million participants. Lancet Global Health. (2018) 6:¢1077-86. doi: 10.1016/
$2214-109X(18)30357-7

35. McHugh RK, Votaw VR, Sugarman DE, Greenfield SF. Sex and gender
differences in substance use disorders. Clin Psychol Rev. (2018) 66:12-23.
doi: 10.1016/j.cpr.2017.10.012

36. Fattore L, Melis M, Fadda P, Fratta W. Sex differences in addictive disorders.
Front Neuroendocrinol. (2014) 35:272-84. doi: 10.1016/j.yfrne.2014.04.003

37. Cohen SS, Matthews CE, Signorello LB, Schlundt DG, Blot W], Buchowski MS.
Sedentary and physically active behavior patterns among low-income African-
American and white adults living in the southeastern United States. PloS One. (2013)
8:¢59975. doi: 10.1371/journal.pone.0059975

38. Huang Y, Li L, Gan Y, Wang C, Jiang H, Cao S, et al. Sedentary behaviors and
risk of depression: a meta-analysis of prospective studies. Transl Psychiatry. (2020)
10:1-10. doi: 10.1038/s41398-020-0715-z

39. Hunt GE, Malhi GS, Lai HMX, Cleary M. Prevalence of comorbid substance use in
major depressive disorder in community and clinical settings, 1990-2019: Systematic review
and meta-analysis. ] Affect Disord. (2020) 266:288-304. doi: 10.1016/j.jad.2020.01.141

frontiersin.org


https://doi.org/10.3109/00952990.2014.976708
https://doi.org/10.2105/AJPH.86.11.1577
https://doi.org/10.1097/pp9.0000000000000018
https://doi.org/10.1177/0890117116664710
https://doi.org/10.2466/18.06.PR0.114k28w7
https://doi.org/10.1016/j.jadohealth.2004.02.031
https://doi.org/10.1016/j.jadohealth.2004.02.031
https://doi.org/10.1515/sjph-2015-0024
https://doi.org/10.4082/kjfm.20.0165
https://doi.org/10.1093/tbm/ibaa008
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1001/jama.2021.2104
https://doi.org/10.1080/07448481.2010.518326
https://doi.org/10.1111/j.1360-0443.2011.03489.x
https://doi.org/10.1111/j.1360-0443.2011.03489.x
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/0005-7967(90)90135-6
https://doi.org/10.1016/0005-7967(90)90135-6
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1079/PHN2002427
https://doi.org/10.1016/S0140-6736(16)30370-1
http://www.R-project.org/
http://www.rstudio.com/
http://www.ipaq.ki.se/scoring.pdf
https://doi.org/10.1080/21642850.2021.1920416
https://doi.org/10.11613/issn.1846-7482
https://doi.org/10.1016/S2215-0366(18)30227-X
https://www.cdc.gov/nchs/fastats/exercise.htm
https://www.cdc.gov/nchs/fastats/exercise.htm
https://doi.org/10.1001/jama.2019.3636
https://doi.org/10.1177/0890117120985830
https://doi.org/10.3389/fpsyt.2015.00156
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/j.cpr.2017.10.012
https://doi.org/10.1016/j.yfrne.2014.04.003
https://doi.org/10.1371/journal.pone.0059975
https://doi.org/10.1038/s41398-020-0715-z
https://doi.org/10.1016/j.jad.2020.01.141
https://doi.org/10.3389/fpsyt.2024.1348047
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Epidemiology of physical activity and sedentary behavior levels among patients entering treatment for substance use disorder in the United States: a descriptive study
	1 Introduction
	2 Methods
	2.1 Procedures
	2.2 Measures
	2.2.1 Demographic factors
	2.2.2 Drug of choice
	2.2.3 Level of care
	2.2.4 Depressive symptoms and anxiety symptoms
	2.2.5 Physical activity and sedentary time

	2.3 Data cleaning process
	2.4 Statistical analysis

	3 Results
	3.1 Aim 1: current MVPA and SED levels
	3.2 Aim 2a: alcohol vs. drugs and activity behaviors
	3.3 Aim 2b: individual drugs and activity behaviors
	3.4 Aim 3: demographic and activity behaviors

	4 Discussion
	4.1 Limitations

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


