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Determinants of Dropout from and Variation in
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STRRIDE Randomized Trials
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INTRODUCTION
Participation in exercise reduces the risk

of cardiovascular disease, type 2 diabetes,
certain cancers, obesity, depression, and anx-
iety (1). Despite thesewell-known health ben-
efits, nearly 80% of adults do not meet the
recommended amount of exercise for either
aerobic or resistance training (1). Further-
more, among individuals motivated to enroll
and complete exercise training through a
lifestyle intervention trial, 20%–30% are
unable to maintain this behavior change
after trial completion (2–7).

There are numerous, codified personal
and environmental determinants influenc-
ing exercise participation andmaintenance.
The most common reasons participants give
for not regularly participating in exercise in-
clude lack of time, caregiving responsibili-
ties, lack of a safe environment to exercise,
weather, transportation issues, and lack
of social support (8–11). In addition to un-
derstanding exercise cessation causes (i.e.,
why), identifying exercise cessation timing
(i.e., when) is also important to best im-
prove uptake of future interventions. One
challenge to understanding exercise cessation
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is the lack of a uniform definition for those discontinuing a regu-
lar exercise program—herein termed “dropouts”—and a lack
of researcher follow-up of “dropouts” (12). Although data sug-
gest most individuals dropout within the first 6 months of initi-
ating regular exercise (12), clear gaps remain regarding dropout
definitions and timingwithin the first 6months of structured ex-
ercise; to the authors’ knowledge, little research has investigated
the association between exercise intervention dropout determi-
nants and timing of dropout. In addition, among individuals
maintaining participation in a structured exercise intervention,
little to no research examines the variation of adherence to pre-
scribed exercise over the course of an intervention. Delineating
the timing and determinants of exercise dropout and assessing
variation in adherence hold important implications for the de-
velopment of targeted interventions to improve retention and
long-term maintenance of treatment gains. Possibly, participants
who dropout early on in the intervention may not have experi-
enced the full benefits of treatment before study withdrawal.
Thus, identifying different “dropout phenotypes” may prove
helpful in developing tailored remediation strategies—such as
more gradual training titration or motivational enhancement—
to enhance treatment engagement and retention.

The three Studies of a Targeted Risk Reduction Intervention
throughDefined Exercise (STRRIDE) randomized trials exam-
ined the differential effects of exercise amount, mode, and in-
tensity on cardiometabolic health; each of the STRRIDE stud-
ies clearly defined exercise intervention dropout and adherence.
Thus, the STRRIDE trials offer the opportunity to explore drop-
out determinants, dropout timing, and their association among
sedentary adultswith overweight or obesity.Moreover, these stud-
ies allow for examination of adherence variation in participants
who completed 6- to 8-month structured exercise interventions.

METHODS
Study Participants

Exercise intervention dropout was assessed in participants
from STRRIDE I (5), STRRIDE AT/RT (6), and STRRIDE-PD
(7). STRRIDE I (1999–2003) and STRRIDE AT/RT (2004–
2008) enrolled previously sedentarymen andwomenwith over-
weight or obesity and mild-to-moderate dyslipidemia (classified
by LDL-cholesterol 130–190 mg·dL−1 or HDL-cholesterol
≤40 mg·dL−1 for men and <45 mg·dL−1 for women). STRRIDE-
PD (2009–2012) enrolled previously sedentary men and women
with overweight or obesity and prediabetes (defined by two con-
secutive fasting glucose concentrations ≥95 to <126 mg·dL−1

taken 1 wk apart). Participants were enrolled at either Duke
University or East Carolina University (ECU).

Table 1 describes the randomized exercise intervention groups
across each STRRIDE trial (5–7). Both STRRIDE I and AT/RT
study protocols were approved by the institutional review boards
at Duke University and ECU. The STRIDE-PD study protocol
was approved by the institutional review board at Duke Uni-
versity. Participants provided both verbal and signed written
informed consent.

Intervention Details
Therewere study design differences across the three STRRIDE

trials. In STRRIDE I, to allowgradual adaptation to their exercise
prescription, participants underwent an initial ramp period of
2–3 months. The ramp period was followed by 6 additional
months of training at the appropriate exercise prescription.

Prescribed exercise intensity was based on each participant’s
baseline cardiopulmonary exercise test results. Aerobic exercise
modes included treadmills, elliptical trainers, cycle ergometers,
or any combination of these.

In STRRIDE AT/RT, participants completed a 4-month in-
active control period (run-in) before exercise intervention ran-
domization. After randomization, to allow gradual adaptation
to their exercise prescription, participants underwent an 8- to
10-wk ramp period. The ramp period was followed by 5 to 6
additional months of training at the appropriate exercise pre-
scription. For the aerobic training groups, prescribed exercise
intensity was based on each participant’s baseline cardiopul-
monary exercise test results. Aerobic exercise modes included
treadmills, elliptical trainers, cycle ergometers, or any combi-
nation of these. For the resistance training groups, participants
started with one set during weeks 1–2, two sets during weeks
3–4, and built up to the three-set prescription on week 5.

In STRRIDE-PD, participants completed a 3-month inac-
tive control period (run-in) before exercise intervention ran-
domization. After randomization, to allow gradual adaptation
to their exercise prescription, participants underwent a 10-wk
ramp period; however, the total duration of the exercise inter-
vention was 6 months, regardless of the duration of the ramp
period. Prescribed exercise intensity was based on each partic-
ipant’s baseline cardiopulmonary exercise test results. Aerobic
exercise modes included treadmills, elliptical trainers, cycle er-
gometers, or any combination of these. The combined lifestyle
group in STRRIDE-PD received an intervention modeled after
the Diabetes Prevention Program (13). This group was designed
to achieve 7% weight loss via energy intake restriction, low-fat
diet, and exercise. The participants attended four initial counsel-
ing sessions, followed by 12 biweekly intensive behavioral group
sessions adapted from the Diabetes Prevention Programmanual.

Across all three STRRIDE trials, exercise intensity and du-
ration for aerobic exercise sessions were verified by direct su-
pervision and/or with the use of downloadable heart rate mon-
itors (Polar Electro, Woodbury, NY). Resistance training ses-
sions were verified by direct supervision and/or the FitLinxx
Strength Training Partner (FitLinxx, Norwalk, CT). The “train-
ing partner” automatically sent data from each session to the
FitLinxx server computer.

Dropout Definitions and Statistical Analyses
For dropout andadherence analyses, datawere analyzedusing

JMP 15.0 (SAS Institute, Cary, NC). Baseline demographic char-
acteristic (e.g., age, gender, race, etc.) differences between exercise
intervention completers and dropouts were assessed using Fisher
exact test, χ2 test, or two-tailed t-test for independent groups.
A P value of <0.05 was considered significant.

Dropout across the three STRRIDE studies was defined as
an individual who withdrew from the study because of per-
sonal factors, was withdrawn from the study by the principal
investigator (PI; i.e., participant wanted to lose weight), or
was lost to follow-up. The following categories were created
to define self-reported determinants for participant dropout:
1) lack of time, 2) transportation issue, 3) biopsy issue (vastus
lateralis needle biopsies were performed at baseline and inter-
vention conclusion), 4) changed mind, 5) health issue, 6) exac-
erbation of prior injury, 7) moved, 8) withdrawn by PI, and 9)
lost to follow-up. Within the lack of time category, subcate-
gories were generated to further clarify reasons for dropout,
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including 1) family, 2) family and work, 3) motivation, 4) gen-
eral time, 5) travel, 6) travel and motivation, 7) work, 8) work
andmotivation, and 9) work and travel. Percentages were gen-
erated according to determinant categories and lack of time
subcategories to describe the proportion of all dropouts who
fell within each category. All Duke and ECU participants
who dropped out were included in the denominators for each
determinant category and lack of time subcategory.

Timing of intervention dropout was defined as the last
attended session, whether an assessment or exercise session.
Because of data from ECU not having been entered into an
electronic database, wewere unable to properly identify timing
of intervention dropout among the ECU participants; thus,
only individuals participating at the Duke site were included

in analyses involving timing of exercise intervention dropout
and the interaction between timing and dropout determinants.
Based on the last attended visit, the timing of dropout was cat-
egorized into one of the following for description purposes:

Before exercise initiation: 1) baseline visits, 2) run-in period;
During exercise participation: 3) ramp period, 4) month
1 of the exercise intervention, 5) month 2, 6) month 3, 7)
month 4, 8) month 5, 9) month 6, 10) month 7;
After exercise participation: 11) post-intervention visits.

Number of individuals in each timing category was aggre-
gated. Time to dropout of the study was used as the outcome
variable for survival analysis, and an ANOVAwas performed

TABLE 1.
Baseline Characteristics of STRRIDE Participants Who Completed the Intervention versus Those Who Dropped Out, and Description of STRRIDE I,
AT/RT, and PD Randomized Intervention Groups.

Completers Dropout P

Sample size, n 652 295

Age, yr 52.9 (9.2) 53.0 (9.5) 0.9165

Female, % 54.1 60.3 0.0776*

Caucasian, % 80.4 67.5 <0.0001**

Body mass index, kg·m−2 30.2 (3.0) 31.0 (3.3) 0.0004**

Peak V̇O2, mL·kg−1·min−1 26.7 (5.8) 25.0 (6.0) <0.0001**

Intervention Group Exercise Prescription

STRRIDE I

Inactive control —

High-amount/vigorous-intensity 23 KKWor 20 miles·wk−1 65%–80% peak V̇O2

Low-amount/vigorous-intensity 14 KKWor 12 miles·wk−1 65%–80% peak V̇O2

Low-amount/moderate-intensity 14 KKWor 12 miles·wk−1 40%–55% peak V̇O2

STRRIDE AT/RT

Aerobic training (low-amount/vigorous-intensity) 14 KKWor 12 miles·wk−1 65%–80% peak V̇O2

Resistance training 3 d·wk−1, 3 sets·day−1, 8–12 reps of 8 exercises

Aerobic + resistance training 14 KKWor 12 miles·wk−1 at 65%–80% peak V̇O2 + 3 d·wk−1,
3 sets·day−1, 8–12 reps of 8 exercises

STRRIDE-PD

High-amount/vigorous-intensity 16 KKWor 13.8 miles·wk−1 65%–80% peak V̇O2

High-amount/moderate-intensity 16 KKWor 13.8 miles·wk−1 40%–55% peak V̇O2

Low-amount/moderate-intensity 10 KKWor 8.6 miles·wk−1 40%–55% peak V̇O2

Combined lifestyle intervention 10 KKWor 8.6 miles·wk−1 at 40%–55% peak V̇O2 + diet to
reduce 7% body weight

Values are listed as mean (SD) unless otherwise indicated. Fisher exact test, χ2 test, or independent t-test used to compare completers versus dropouts.
*P < 0.1.
**P < 0.01.
KKW, kilocalories per kilogram of body weight per week.
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to determine if there was a difference in timing of dropout by
determinant category. Survival curves were created to display
these results. Because of small numbers, the following determi-
nants were combined into one category labeled as “other”: 1)
transportation issue, 2) biopsy issue, 3) health issue, 4) exacer-
bation of preexisting injury, 5) moved, and 6) withdrawn by
PI; our rationale was that the “other” reasons were not behav-
ioral, but primarily determined by health or environmental is-
sues. Post hoc analyses to compare individual dropout reasons
were performed using the Tukey–Kramer adjustment.

Adherence Definitions and Statistical Analyses
Percent of aerobic training adherence was calculated by di-

vidingweeklyminutes of exercise completed after the ramp pe-
riod by weekly minutes of exercise prescribed after the ramp
period. Percent of resistance training adherence was calculated
by dividingweekly total sets competed byweekly total sets pre-
scribed after the ramp period. Mean percent adherence at each
week of the intervention is displayed by randomized interven-
tion group for each STRRIDE trial. This analysis excludes the
control group from STRRIDE I as they were not prescribed ex-
ercise. Extra weeks were added onto the end of each STRRIDE
intervention to provide an opportunity for participants to make
up a week if they missed one during the intervention; therefore,
a smaller sample is represented in the latter weeks of each percent
adherence figure. All Duke and ECUparticipants who completed
the exercise intervention were included in this analysis.

RESULTS
Dropout Findings

Of the 947 participants enrolled into one of the three STRRIDE
randomized trials, 652 (69%) completed the exercise intervention
and 295 (31%) dropped out of the trials. Table 1 displays baseline
demographic characteristics for each group. Compared with

exercise intervention completers, participants who dropped
out were on average non-White (98% vs 80%, P < 0.01), had
higher body mass index (31.0 vs 30.2 kg·m−2, P < 0.01), and
were less fit at baseline (25.0 vs 26.7 mL·kg−1·min−1; P < 0.01).

Figure 1A displays each categorical determinant for exercise
intervention dropout with the percentage of participants who
fell into each category. The most frequent barrier individuals
reported as to why they dropped out from the STRRIDE
interventions was lack of time (40%), followed by lost to
follow-up (18%), exacerbation of prior injury (12%), health is-
sue (10%), changed mind (9%), withdrawn by PI (5%), moved
(3%), biopsy issues (2%), and transportation issue (1%). Al-
though time was further broken down into subcategories, time
in general (52%) was still the number one reason for dropout.
Time subcategories and the percent of individuals who fell un-
der each category are displayed in Figure 1B.

Of the 295 participants identified as STRRIDE intervention
dropouts, 241 (82%) were recruited at the Duke site and were
included in the analysis of dropout timing. Figure 2 displays
dropout timing across all STRRIDE randomized trials. Ap-
proximately two-thirds (66%) of those who dropped out dis-
continued before intervention month 1; they dropped out either
during baseline visits, the run-in period, or the ramp period.
Figure 3 presents a survival curve displaying timing of exercise
intervention dropout by four determinant categories (i.e., changed
mind, lost to follow-up, time, and other) across all three STRRIDE
trials. The ANOVA revealed a significant difference in timing
of dropout by dropout determinant (F = 4.62, P = 0.004). Post
hoc analyses revealed a significant difference among individ-
uals who were lost to follow-up (P = 0.009) and those who re-
ported a lack of time (P = 0.003) compared with individuals
who changed their minds; those who changed their minds
dropped out earlier during the study period compared with
those in other determinant categories.

Figure 1: Determinants of exercise intervention dropout. A, Categorical determinants of dropout. B, Time subcategorical determinants for dropout.
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Adherence Findings
For the exercise intervention completers across all three

STRRIDE trials, percent adherence remained relatively con-
stant (Fig. 4) after the ramp period, with some variation to-
ward the latter weeks of the exercise intervention. Total mean
percent adherence values for the exercise intervention for each
STRRIDE trial were as follows: 87.5%± 13.6% for STRRIDE

I, 82.2% ± 17.1% for STRRIDE AT/RT, and 85.1% ± 16.2%
for STRRIDE-PD.

DISCUSSION
The purpose of this secondary analysis was to character-

ize the timing of dropout from structured exercise interven-
tions, stated reasons for dropout, and the associations between

Figure 2: Incidence of exercise intervention dropout across all three STRRIDE studies.

Figure 3: Survival curve analysis of timing of exercise intervention dropout by determinant categories. CM, changed mind; LTF, lost to follow-up; O,
other; T, time.

http://www.acsm-tj.org Translational Journal of the ACSM 5



the two among sedentary adults with overweight or obesity.
We also examined variation in mean percent adherence to pre-
scribed exercise over 6- to 8-month interventions.

Comparing baseline demographic characteristics between
participants who completed one of the STRRIDE interventions
versus those who dropped out, we found key differences in race,
body mass index, and cardiorespiratory fitness (V̇O2peak). Indi-
viduals who dropped out were typically less fit and had a higher
bodymass index, whichmay be clinically relevant forwhy these
participants dropped out. Further research is needed to assess
race as a key determinant of dropout.

When exploring determinants of exercise intervention drop-
out, we found the most prevalent reason individuals reported
for dropping out was lack of time, or a combination of lack
of time due to family and/or work, and motivation (Fig. 1). In
a systematic review assessing determinants of adherence to life-
style interventions among adults with obesity (11), the authors
concluded the most prominent barriers of behavior change in-
clude poor motivation (14–19); lack of time (14–18); environ-
mental, societal, and social pressures (14,17–19); health and
physical limitations (14,17,18,20); negative thoughts/moods
(14–16); socioeconomic constraints (14,19); gaps in knowledge/
lack of awareness (16,18); and lack of enjoyment of exercise
(17). Although our findings for dropout determinants are similar,
we did not assess potentially influential behavioral constructs—
such as conscientiousness, self-efficacy, and social support—on
dropout determinants. Therefore, future research should

continue to assess behavioral constructs to provide greater
understanding for why individuals decide to dropout of
exercise interventions.

Furthermore, when examining time to dropout across our
structured exercise interventions, about two-thirds (66%) of
individuals who dropped out did so before the start of the ex-
ercise intervention at its prescribed intensity. Predominantly,
dropout occurred during the ramp period (Fig. 2) in which in-
dividuals had begun exercise but were not at the level needed
to fulfill their prescriptions. The dropout variability observed
in the STRRIDE studies may have been due to 1) differences
in study design, such as including a run-in period in STRRIDE
AT/RT; 2) variation in length of the ramp-up periods across
each STRRIDE; and 3) although there was a ramp period,
the higher amount and intensity exercise training groups may
have been too lofty for sedentary individuals with overweight
or obesity. Per the literature, average exercise intervention
dropout is about 20% (2–4), with 50% of dropouts occurring
in the first 6months of exercise onset (8,9,12,21). In a 6-month
study assessing older adults taking part in organized exercise
programswithin the community, 15%of participants dropped
out during the first 6 months of exercise participation onset
(12). The authors’ rationale for this relatively low dropout per-
centage is because the intervention included organized exercise
programs, for which older adults have greater adherence (12).
Because there is little literature discussing determinants and
timing of structured exercise intervention dropout, future

Figure 4: A, STRRIDE I mean percent adherence by exercise intervention group, excluding the control group. High/Vig, high amount/vigorous intensity;
Low/Mod, low amount/moderate intensity; Low/Vig, low amount/vigorous intensity. B, STRRIDE AT/RT mean percent adherence to the aerobic
prescription by exercise intervention group. AT, aerobic training; AT/RT, aerobic + resistance training. C, STRRIDE AT/RT mean percent adherence to
the resistance prescription by exercise intervention group. RT, resistance training; AT/RT, aerobic + resistance training. D, STRRIDE-PD mean
percent adherence by exercise intervention group. High/Mod, high-amount/moderate-intensity aerobic exercise; High/Vig, high-amount/vigorous-intensity
aerobic exercise; Low/Mod, low-amount/moderate-intensity aerobic exercise; Low/Mod/Diet, low-amount/moderate-intensity aerobic exercise + diet.
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research should place emphasis on defining dropout separate
from adherence to properly identify the period in which indi-
viduals are at the greatest risk for dropout.

Moreover, when analyzing the association between dropout
determinants and timing of dropout, we found that of those par-
ticipants who dropped out because they changed their minds,
the majority did so during the run-in period, before starting
any exercise. For the remainder of dropout determinant catego-
ries, participants primarily dropped out during the interven-
tion ramp period (Fig. 3), before achieving the prescribed exer-
cise amount and intensity. These findings provide insight into
the variability of behavior change that leads to variation in
timing of exercise intervention dropout. Although exercise re-
searchers may not consider the run-in or ramp periods as having
started the intervention, the participants likely had a different per-
spective. Further research is needed to clarify the components
of changing one’s mind and the participant experience. Moti-
vational factors, competing commitments, and physical dis-
comfort may all contribute; each would benefit from a distinct
type of intervention. For example, motivational interviewing and
health coachingmight be useful formotivational factors (22–24),
health coaching using a competing commitmentsmodelmight as-
sist in the second case (25,26), and amending intervention details
in the exercise run-in or ramp periods might assist in the third
case. Although few studies have examined stage-specific associa-
tions with dropout, it is possible that the ramp period of training
was experienced by some participants as more physiologically
burdensome and time intensive, which could have reduced
their self-efficacy and confidence in their ability to maintain
adherence over time. Participants may also hold inaccurate
perceptions—such as a belief that they are already active
enough—that require an effective educational intervention
(27). Future research should further explore the behavioral
constructs and mechanisms behind when and why individuals
decide to dropout from an exercise intervention.

Lastly, we assessed if there was variation across the STRRIDE
clinical trials among intervention completers in mean percent ad-
herence of exercise participation across time. Mean percent ad-
herence seemed to remain constant across all three STRRIDE tri-
als. However, there was some drift toward the end of each
STRRIDE intervention, which may be due to the smaller sample
of individuals represented during the later weeks for makeup
exercise sessions as well as the variation in study designs.
These findings underscore that once an individual adopts
and adheres to an exercise intervention, theywill typicallymain-
tain consistent participation in exercise over the course of the in-
tervention. However, because the STRRIDE trials were only 6
to 8 months in duration, future research should investigate the
consistence of percent adherence to exercise over a longer dura-
tion of time.

This study provides implications for researchers designing
exercise interventions aiming to reduce dropout. First, the
STRRIDE trials indicate most individuals will dropout before
or within 2 to 3 months of exercise training onset. Thus, inves-
tigators should place greater targeting efforts on this adoption
period to promote exercise intervention adherence. Our find-
ings are consistent with prior work examining stage-specific
intervention approaches, in which increases in self-efficacy
over the first several months of training are important determi-
nants of subsequent treatment maintenance (28). Second, the
majority of individuals dropped out during the ramp phase

of the exercise intervention, suggesting the way current inter-
ventions ramp up to exercise prescriptions may be too lofty
for sedentary individuals with overweight or obesity. Thus, in-
vestigators should consider adjusting this phase of the exercise
intervention to compensate for individuals who struggle incor-
porating exercise into their daily routine. Third, the majority
of individuals who changed their mind did so during the run-
in phase of the exercise intervention. Hence, when designing
an exercise intervention, avoiding a long run-in period and
starting the exercise portion immediately may prevent individ-
uals from changing their minds. Further exploration of partic-
ipant perceptions during the run-in and ramp phases would as-
sist with intervention design. Fourth, this study shows that
once individualsmake it past the initial 2- to 3-month ramp pe-
riod (i.e., adoption period), they typically are consistent in ad-
hering to a 6- to 8-month exercise intervention. Further efforts
focused on run-in and ramp periods can leverage this new ev-
idence that once an individual adopts the exercise behavior,
they will adhere to the intervention for at least 6 to 8 months.

This study does not comewithout limitations. The STRRIDE
exercise interventionswere performed under supervised exercise
conditions and may not reflect all real-world situations sur-
rounding exercise intervention dropout. All three STRRIDE tri-
als were different in study design, exercise intervention length,
and inclusion of run-in or ramp periods. Lastly, this study is lim-
ited in its ability to explore factors other than behavioral and en-
vironmental, which lead to dropout or adherence to exercise in-
terventions. Thus, exploring additional factors—such as genetic
and molecular determinants—that may predispose an individ-
ual’s decisionmaking and behavior change process is important
to investigate to generate a complete map of the behavior change
process within the context of an exercise intervention.

CONCLUSIONS
This study is one of the first to investigate the association

between dropout determinants and timing. We found the most
common reason for exercise intervention dropout was lack of
time, and individuals who dropped out primarily did so during
the ramp period of the exercise interventions. Furthermore, as
compared with other dropout determinant categories, individ-
uals changing their mind about participating dropped out ear-
lier, before exercise initiation. In addition, among intervention
completers, exercise intervention adherence was consistent
over 6 to 8 months. The overall implications of this analysis
show dropout occurs early on, most likely before the start of
month 1 of the exercise intervention. These findings provide
guidance to future exercise interventions targeting individuals
at risk for dropout.
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