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Financial Incentives and Health Coaching to
Improve Physical Activity Following Total Knee
Replacement: A Randomized Controlled Trial
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Objective. Most persons who undergo total knee replacement (TKR) do not increase their physical activity following surgery.
We assessed whether financial incentives and health coaching would improve physical activity in persons undergoing TKR.
Methods. We designed a factorial randomized controlled trial among persons undergoing TKR for osteoarthritis. Subjects
underwent normal perioperative procedures, including postoperative physical therapy, and were assigned to 1 of 4 arms:
attention control, telephonic health coaching (THC), financial incentives (FI), or THC + FI. We objectively measured step
counts and minutes of physical activity using a commercial accelerometer (Fitbit Zip) and compared the changes from pre-
TKR to 6 months post-TKR across the 4 study arms.

Results. Of the 202 randomized subjects, 150 (74%) provided both pre-TKR and 6 months post-TKR accelerometer data.
Among completers, the mean + SE daily step count at 6 months ranged from 5,619 + 381 in the THC arm to 7,152 + 407 in
the THC + FI arm (adjusting for baseline values). Daily step count 6 months post-TKR increased by 680 (95% confidence inter-
val [95% CI] —94, 1,454) in the control arm, 274 (95% CI —473, 1,021) in the THC arm, 826 (95% CI 89, 1,563) in the FI arm,
and 1,808 (95% CI 1,010, 2,606) in the THC + FI arm. Weekly physical activity increased by mean + SE 14 + 10, 14 + 10,
16 + 10, and 39 + 11 minutes in the control, THC, FI, and THC + FI arms, respectively.

Conclusion. A dual THC + FI intervention led to substantial improvements in step count and physical activity following TKR.

INTRODUCTION

Regular engagement in physical activity (PA) is critically
important for the prevention of chronic diseases and
improvement of overall health (1,2). Even relatively modest
increases in PA have been shown to markedly reduce the
risk of mortality (3). PA is particularly important for persons
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with knee osteoarthritis (OA) given its ability to address
pain and functional limitations (4). However, adherence to
PA guidelines by persons with knee OA is poor (5).

Half of all individuals diagnosed with knee OA eventually
choose to undergo total knee replacement (TKR) (6). While
TKR results in dramatic improvements in pain and func-
tional capabilities in more than 80% of patients (7), there is
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Significance & Innovations

e Physical activity levels are normally unchanged
following total knee replacement.

e Commercially available accelerometers allow for
objective assessment of physical activity.

¢ Financial incentives integrated with remote health
coaching for improving physical activity is a pre-
viously untested intervention among patients who
are receiving total knee replacement.

e We randomly assigned recipients of total knee
replacement to attention control, telephonic health
coaching, financial incentives, or both interven-
tions. Compared to attention control, the combined
intervention led to substantial improvements in
both daily steps and moderate-to-vigorous physical
activity.

typically minimal change in PA levels following surgery
(8,9). The relative lack of change could be explained by a
variety of reasons. Many patients are sedentary preopera-
tively, which is a strong predictor of being sedentary postop-
eratively, suggesting that individuals may have to
substantially alter their lifestyles to increase physical activ-
ity post-TKR (10). Especially in the period immediately fol-
lowing surgery, patients may experience pain with exercise.
Patients with overly optimistic preoperative expectations for
their functional and pain trajectories may be reluctant to
pursue PA further (11). However, the postoperative period,
which is marked by intensive engagement with physical
therapy and multidisciplinary clinical care, offers a unique
opportunity to change patients’ attitudes and regular behav-
iors regarding PA.

We investigated 2 interventions that held promise for in-
creasing PA among TKR recipients: telephonic health coach-
ing and financial incentives. Health coaching interventions
have been proven efficacious in improving self-efficacy, med-
ication adherence, and health-related outcomes in patients
with chronic diseases (12-14). Financial incentives employ
techniques from behavioral economics, addressing the fact
that many individuals disproportionately prefer immediate
gratification rather than delayed rewards (15-18). We hypoth-
esized that health coaching could facilitate internal motiva-
tion to increase engagement in walking and other age-appro-
priate physical activities and that a rewards-based interven-
tion could offer external motivation to incentivize TKR recip-
ients to strive for the long-term benefits of physical activity.
We designed and conducted a randomized controlled trial
utilizing a 2x2 factorial design to evaluate the efficacy of
financial incentives and health coaching to improve PA fol-
lowing TKR.

PATIENTS AND METHODS

Screening, enrollment, and randomization. The Study of
Physical Activity Rewards Following Knee Surgery (SPARKS)
was approved by the local institutional review board and was
preregistered at ClinicalTrials.gov. The study screening and

enrollment took place from November 2013 through January
2016. We screened patients with knee OA who were
scheduled to undergo a primary, unilateral TKR by 1 of 5
orthopedic surgeons at Brigham and Women’s Hos-
pital, a tertiary medical center in Boston, Massachusetts.
Participants were ineligible if they were younger than 40
years, did not speak English, resided in a nursing home, were
scheduled to undergo a contralateral TKR or other surgery
requiring hospitalization within 6 months, were previously
diagnosed with an inflammatory arthritis or osteonecrosis
affecting the knee, had a comorbidity that might prevent the
safe performance of moderate ambulatory physical activity,
including epilepsy, Parkinson’s disease, neuropathy, or de-
mentia, or who required a wheelchair or walker to ambulate
preoperatively (19). We also excluded persons who did not
have regular access to the internet, which was needed for
the transfer of accelerometer data to the central server.

On the day of their preoperative appointment, patients
provided written informed consent, underwent a brief mus-
culoskeletal examination, and completed a 27-item ques-
tionnaire to assess their levels of “delay discounting” (20).
Delay discounting is a measure of impulsivity, which eval-
uates how significantly individuals value long-term health
benefits, such as those associated with physical activity.
Participants completed a baseline questionnaire, which in-
cluded demographic information, social and employment
history, and resource utilization, as well as validated mea-
sures such as the Knee Injury Outcomes and Osteoarthritis
Score (KOOS) (21), the 5-dimension EuroQol, a general
health visual analog scale (22), the Risk Taking Index (23),
the Work Productivity and Activity Impairment question-
naire (24,25), the Yale Physical Activity Survey (26,27),
self-reported knee range of motion (28), and several compo-
nents of the 36-item Short Form Health Survey (SF-36) (in-
cluding the SF-12, the Mental Health Inventory, and the
Vitality Score) (29). Subjects were given a commercial
accelerometer (Fitbit Zip) and were required to wear it for
at least 5 days within a 7-day period prior to surgery. The
accelerometer measures the wearer’s steps on a minute by
minute basis. The Fitbit Zip was selected because it was a
low-cost wearable device regarded as convenient and com-
fortable for weeklong wear by research subjects and was
previously validated among younger adults for measuring
step count and physical activity (30,31). Participants did
not have access to the accelerometer’s online account until
the conclusion of the study to ensure that the accelerometer
was used as a measuring device and as a motivating tool to
view long-term trends; participants could, however, view
steps taken each day they wore the Fitbit.

Following confirmation of the surgery’s completion, par-
ticipants were randomized into 1 of 4 groups: attention con-
trol, telephonic health coaching (THC), financial incentives
(FI), or THC + FI. Randomization was implemented in block
sizes of 4 and was stratified by age (<65 versus >65 years),
preoperative average daily steps (<3,000 versus >3,000), and
delay discounting (<0.00256 versus >0.00256, with higher
values indicating a greater preference for immediate re-
wards) (32). Subjects were discontinued if they underwent
any surgery requiring overnight hospitalization or if they
requested to withdraw. To limit factors unrelated to the eval-
uated interventions that could affect PA, we discontinued
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study participants if they underwent a surgery requiring
overnight hospitalization, because such surgeries are fre-
quently associated with subsequent limited activity during
the recovery period.

Interventions. All arms. Subjects were informed of their
assigned group during their first phone call following
surgery, and the interventions began the week following
surgery. Study participants were discharged to either a re-
habilitation facility or to their home, where they received
in-home and subsequently outpatient physical therapy
according to normal postoperative practice. Participants in
each arm received calls on a regular basis; calls were made
weekly for weeks 2-5 following TKR and biweekly for
weeks 7-24, for a total of 14 instances.

Attention control. Participants in the attention control
and FI arms received attention control calls. These calls
conveyed general health messages; conversations focused
on general aspects of recovery and rehabilitation. Staff
making calls avoided motivational interviewing techniques
and discussion of physical activity. If participants could
not be reached, a voicemail was left reminding them that
they could contact study staff should they have any
questions about the study. Only the date and time of the
call was recorded for attention control calls.

THC. The THC intervention consisted of periodic calls
made by research staff trained in motivational interviewing
techniques. The health coaches reviewed materials written
by Miller and Rollnick and received case-based training with
detailed formal analysis by senior investigators with ex-
perience in motivational interviewing (33,34). Additionally,
health coaches attended the local preoperative education
class offered to TKR recipients and observed both surgeries
and postoperative physical therapy sessions to understand
the process from a patient’s perspective. Health coaches took
notes for each call, including content discussed and the
length of each call and regularly debriefed coaching tech-
nique with the study clinical investigator (JNK).

The THC calls were intended to focus on the subjects’
short- and long-term PA goals. Rather than imposing goals
on study subjects, health coaches used open-ended questions
to elicit the participants’ own objectives, while expressing
empathy, recognizing and helping to resolve any discrepancy
between subjects’ PA goals and current behavior, rolling with
resistance, and supporting self-efficacy (33). Coaches called
at the times identified as most convenient by the study par-
ticipants and made up to 4 call attempts at each time point.

FI. The FI program was designed to be implemented in a
timely and consistent manner and to provide an opportunity
for subjects to receive both smaller and larger rewards (35).
Participants randomized to the FI arms were assigned an
escrow account initially containing $105. Participants logged
on to the study website to complete daily PA logs for
postoperative weeks 2-8 and weekly physical activity logs for
weeks 9-23 (except week 12). Participants received $5 from
their escrow account for completing at least 5 of 7 daily logs
or the 1 weekly log. Throughout the study, subjects were able
to log on to the study website to view the amount of money
they “lost” due to missed reporting. These rewards were
designed to develop the discipline of logging the exercises
performed during the post-TKR rehabilitation period.

During weeks 14-23, subjects were eligible to receive a
$15 bonus payment for every week that they increased their
self-reported minutes of PA by at least 10% from the pre-
ceding week, as calculated from part 1 of the Yale Physical
Activity Scale (26). At 6 months, subjects in the FI arms
were eligible to receive an additional $50 payment if they
either increased their daily step count by at least 50% com-
pared to 3 months previously or met a PA guideline of >150
minutes of moderate-to-vigorous PA (MVPA) per week. In
total, subjects were eligible to earn a maximum of $305
from the FI component over the study duration. Checks
were mailed to participants every other week.

Followup. All subjects were asked to complete study
questionnaires at 3 and 6 months post-TKR. They also wore
their accelerometer for 1 week at each of these time points.
For each time point, participants were paid $25 for com-
pleting the questionnaire and $5 for each day that they
wore their accelerometer. Study activities and followup for
each randomization group are outlined in Supplementary
Figure 1, available on the Arthritis Care & Research web
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23324/
abstract.

Outcomes. The primary outcome was predefined as the
mean number of steps/day at 6 months post-TKR. Secondary
outcome measures included the change in the mean number
of steps/day between baseline and 6 months and change in
weekly minutes of MVPA from baseline to 6 months.

We downloaded participants’ minute-by-minute step
count data through Fitbit’s application program interface.
Because the Fitbit Zip measures and outputs step counts
rather than intensity counts, we relaxed the typical accel-
erometer-based thresholds of 10 hours of wear time and 60
minutes of nonwear (36), defining valid days of data as days
with at least 8 hours of wear time, and nonwear time was
defined as periods >90 minutes during which no steps were
recorded. We calculated an average daily step count over
the days of valid Fitbit wear. In the primary analysis, we in-
cluded participants who provided accelerometer data for at
least 4 valid days in a 7-day period at both baseline and 6
months.

To derive the MVPA duration, we calculated bouts during
which the study participant took >100 steps/minute during
a Fitbit valid day. We required that bouts be at least 10 min-
utes long, in accordance with PA guidelines (37), and
within a single bout we allowed up to 2 grace minutes, dur-
ing which the participant’s step count could fall below the
100 steps/minute threshold. The 100 steps/minute thresh-
old has previously been shown to correspond to an energy
expenditure of 3 metabolic equivalents of task (METs) and
has been used in analyses of older adults (38,39).

Statistical analysis. Prior data suggest that the efficacy of
each intervention is consistent with an effect size of 0.3 SDs
(35,40,41). We hypothesized that the 2 interventions together
would have an efficacy consistent with an effect size of 0.6
SD. Using a t-test and assuming a 2-sided alpha (Type I error
rate) of 5%, statistical power of 80%, and 15% loss to
followup, we estimated a sample size of 50 subjects per arm
(200 total) (42).
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We compared the baseline demographic and clinical char-
acteristics of participants across each of the 4 arms to ensure
that the measured covariates were balanced across arms. We
used general linear modeling to evaluate the difference in
primary and secondary outcomes between the 4 arms, after
adjustment for imbalanced baseline covariates. In addition,
we examined the difference between the control arm and
each of the intervention arms, assessing improvements in
step count and MVPA for clinical relevance using the effect
size. Effect sizes are defined as a ratio of the difference
between 2 groups relative to the SD. The effect size empha-
sizes the size of the effect and is not affected by the sample
size; an effect size of 0.35-0.5 SD is generally considered
clinically relevant (43).

In the primary analysis, we included participants who
provided accelerometer data for at least 4 valid days in a 7-
day period both at baseline and at 6 months. In the sensi-
tivity analysis, we augmented the missing data at 6 months
in the following manner: for those participants providing
between 1 and 3 valid days, we calculated daily step count
and minutes of MVPA from the available data, and for
those with 0 valid days, we used multiple imputation tech-
niques to augment missing 6 months PA and step count

data. We repeated the sensitivity analysis, excluding par-
ticipants who were discontinued from the study prior to 6
months. Participants not providing any valid days of data
at baseline were excluded from all analyses. Data analyses
were conducted using SAS, version 9.4.

RESULTS

Study sample. We identified 1,245 individuals scheduled
to undergo TKR, of whom 632 were eligible and contacted for
recruitment. Of those, 258 individuals agreed to participate in
the study. Prior to the planned date of surgery, 47 persons
who intended to participate did not complete the online
baseline questionnaire or wore the accelerometer for fewer
than 5 days. Nine persons chose to not undergo surgery,
leaving 202 persons who were randomized and comprised
our study sample (Figure 1).

Randomized participants had a mean + SD age of 65 + 8
years; 57% were female; 68% had at least a bachelor’s degree.
The cohort’s mean + SD body mass index was 31 + 6 kg/m>.
The mean + SD KOOS pain score prior to TKR was 53 + 18,
and the mean £+ SD KOOS function score was 59 + 18 (range
0-100, where 100 is worst). Prior to TKR, participants walked
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N ioi =

| A) Did not meet eligibility criteria (579)

B) Participating in AVIKA Navigator (30)
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C) Cancelled Surgery (12)
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Figure 1. Study enrollment and followup (CONSORT [Consolidated Standards of Reporting Trials] diagram). A total of 1,245 persons
were assessed for eligibility, of whom 632 were deemed eligible for enrollment. Of the 258 eligible who agreed to participate, 202 were

ultimately randomized to 1 of the 4 study arms.
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a mean + SD 5,032 + 2,771 steps/day. Baseline characteris-
tics by study arm are shown in Table 1; with the exception of
step count, all baseline characteristics are balanced across the
arms (Table 2 and Table 3). Eligible patients who refused to
participate in the study were somewhat older (69 years old,
on average) and were more likely to be female (63%), but
these differences were not large.

Adherence to intervention protocol. Study staff made
1,325 (97% of possible 1,372) attention control calls to
active study participants randomized to receive such calls.
Forty-six percent of these calls resulted in reaching the

subject; the remainder led to voice messages. In the THC
arms, the mean £ SD rate of completed calls was 72% =+
22% across 14 time points over 6 months. Eighty-six percent
of subjects received at least 7 of the required 14 calls, while
half received >10 calls. The average call time varied from 18
minutes for the first call (1 week post-TKR) to 11-15 minutes
for subsequent weeks.

Study participants in the FI arms received a total of 73%
of possible payments from their escrow accounts for com-
pleting daily activity logs and 76% for weekly activity logs.
They earned 38% of the potential weekly $15 bonuses for
increasing their PA by at least 10% from the preceding

Table 1. Baseline characteristics of the study sample by arm*
Characteristic AC THC FI1 FI + THC

Sample size, no. 51 49 50 52
Age, mean + SD years 65.8 = 6.9 65.0 = 6.9 65.0 &+ 8.3 65.7 = 8.1
Sex

Male 24 (47.1) 19 (38.8) 17 (34.0) 27 (51.9)

Female 27 (52.9) 30 (61.2) 33 (66.0) 25 (48.1)
Education

High school or less 6 (11.8) 7 (14.3) 3 (6.0) 3 (5.8)

Some college 9 (17.6) 12 (24.5) 11 (22.0) 13 (25.0)

> bachelor’s degree 36 (70.6) 30 (61.2) 36 (72.0) 36 (69.2)
Racet

White 46 (90.2) 4 (89.8) 4 (88.0) 46 (90.2)

Black 2 (3.9) 2 (4.1) 4 (8.0) 2 (3.9)

Asian 0 (0) 0 (0) 0 (0) 2 (3.9

Native American 1 (2.0) 0 (0) 0 (0) 0 (0)

Other 2 (3.9) 3 (6.1) 2 (4.0) 1 (2.0)
Annual household income

<$29,900 2 (4.1) 2 (4.3) 5 (10.4) 4 (7.7)

$30,000-59,999 10 (20.4) 8 (17.0) 8 (16.7) 8 (15.4)

$60,000-99,999 15 (30.6) 17 (36.2) 12 (25.0) 5 (28.8)

>$100,000 22 (44.9) 20 (42.5) 23 (47.9) 25 (48.1)
Employment

Full time 17 (34.7) 21 (43.7) 21 (42.0) 16 (32.0)

Part time 1(22.4) 7 (14.6) 10 (20.0) 5 (10.0)

Not working 21 (42.9) 20 (41.7) 19 (38.0) 29 (58.0)
Body mass index, kg/m?*

<30.0 22 (43.1) 19 (38.8) 22 (44.0) 29 (55.8)

30.0-34.9 7 (33.3) 16 (32.7) 11 (22.0) 13 (25.0)

>35.0 2 (23.5) 14 (28.6) 7 (34.0) 10 (19.2)
Geriatric comorbiditiest

No geriatric problems 5 (50.0) 23 (47.9) 17 (34.0) 1 (41.2)

1 geriatric problem 1 (22.0) 16 (33.3) 15 (30.0) 0 (19.6)

>2 geriatric problems 4 (28.0) 9 (18.7) 18 (36.0) 0 (39.2)
HRQoL, mean + SD§ 0.7 + 0.1 0.7 +£ 0.1 0.7 = 0.2 0 7 £0.1
Pain and physical function, mean + SD

KOOS pain 51.2 + 17.4 56.6 + 16.7 52.1 + 20.6 53.2 £ 17.1

KOOS function 55.8 + 18.7 61.7 + 15.5 58.2 + 17.7 59.9 + 18.4

KOQOS sports and recreation 21.9 + 21.6 25.2 + 21.7 26.3 + 25.4 29.3 +23.1
SF-36, mean + SD

MHI-5 81.1 + 14.3 80.0 + 13.3 77.2 £ 16.9 81.8 + 13.8
Range of motion (passive)

Extension (>5° from straight) 34 (66.7) 31 (63.3) 23 (46.0) 29 (56.9)

Flexion <120° 21 (41.2) 21 (42.9) 23 (46.0) 22 (42.3)
* Values are the number (%) unless otherwise indicated. AC = attention control; THC = telehealth coaching; FI = financial
incentives; HRQoL = health-related quality of life; KOOS = Knee Injury and Osteoarthritis Outcome Score; SF-36 = Short Form
36 health survey; MHI-5 = Mental Health Inventory.
t May sum to greater than 100%, as participants were allowed to select multiple options.
# Included problems with vision and hearing, falling, and incontinence.
§ Derived from the EuroQol 5-domain instrument.
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Table 2. Followup rates overall and by arm*

Characteristic AC THC FI FI + THC
Baseline
Accelerometer worn >4 valid days 50 (98.0) 46 (93.9) 49 (93.9) 47 (90.4)
6 months
Accelerometer worn >4 valid days 38 (74.5 39 (79.6) 41 (82.0) 35 (67.3)
Accelerometer worn 1-3 valid days 6 (11.8 6 (12.2) 3 (6.0) 2 (3.8)

incentives.

* Values are the number (%) unless otherwise indicated. AC = attention control; THC = telehealth coaching; FI = financial

week. At 6 months, 21% earned the $50 bonus for increas-
ing their step count by at least 50% from month 3 or by
meeting PA guidelines.

Outcomes. Of the 200 (of 202) randomized subjects who
provided any baseline accelerometer data, 192 wore the
accelerometer for at least 4 valid days at baseline. By 6
months, 17 subjects had withdrawn and 33 provided sub-
optimal accelerometer data, leaving 150 randomized subjects
(74%) who wore the accelerometer for at least 4 valid days at
both time points and comprised the analytic cohort for the
complete case analysis. The mean + SE daily step count at
baseline (pre-TKR) varied across the study arms, with the
highest being 6,158 + 427 in the control arm; the rest of the
arms had similar step counts, ranging from 4,974 to 5,229.
MVPA also varied across the study arms, with the highest
being 22 + 5 in the control arm and the lowest being 9 + 5
minutes in the THC arm (Table 3).

After adjustment for the baseline step count, the mean + SE
daily step count at 6 months ranged from 5,619 + 381 in the
THC arm to 7,152 + 407 in the THC + FI arm; the control arm
(mean 6,025) and FI arm (mean 6,170) achieved similar step
counts (P = 0.0502 overall). The mean increase in daily step

count from baseline to 6 months was 680 (95% confidence
interval [95% CI] —94, 1,454), 274 (95% CI —473, 1,021), 826
(95% CI 89, 1,563), and 1,808 (95% CI 1,010, 2,606) in the
control, THC, FI, and THC + FI arms, respectively (Table 3)
(Figure 2). The difference in the change in average daily steps
over the 6-month period between the THC + FI arm and the
control arm was 1,128 (95% CI 14, 2,241).

The mean change in weekly MVPA between baseline and
6 months for participants in the control arm was 14 min-
utes (95% CI —6, 34), for participants in the THC arm was
14 minutes (95% CI —6, 33), for participants in the FI arm
was 16 minutes (95% CI —3, 35), and for participants in
THC + FI arm was 39 minutes (95% CI 18, 60). The THC +
FI arm had a 25-minute (95% CI —4, 54) greater change
in MVPA compared to the control arm (P = 0.0967)
(Table 3).

Sensitivity analysis. In the sensitivity analysis, we com-
puted the average step count for the 17 subjects (8%)
providing only 1-3 days of accelerometer data at either of the
2 time points and used multiple imputation to augment
missing data for the 32 subjects who provided baseline but
not 6-month accelerometer data. Two subjects were excluded

Table 3. Primary and secondary outcomes of the SPARKS trial*

Characteristic AC

THC

FI FI + THC P

Sample size, no. 37
Primary outcome: average
daily steps

Baseline 6,158 (5,320, 6,995) 4,974 (4,158, 5,790) 5,052 (4,246, 5,858) 5,229 (4,355, 6,103) 0.1789

6 months (crude) 6,712 (5,670, 7,755) 5,305 (4,290, 6,321) 5,923 (4,920, 6,926) 7,054 (5,967, 8,142) 0.0924

6 months (adjusted for 6,025 (5,251, 6,799) 5,619 (4,871, 6,366) 6,170 (5,433, 6,907) 7,152 (6,354, 7,951) 0.0502
baseline)

Change, baseline to 680 (—94, 1,454) 274 (—473, 1,021) 826 (89, 1,563) 1,808 (1,010, 2,606) 0.0502
6 monthst

Secondary outcomes: weekly

PA

Baseline 22 (12, 33) 9 (~1, 19) 14 (4, 24) 10 (=1, 20) 0.2526

6 months (crude) 35 (13, 57) 23 45) 30 (9, 51) 49 (26, 72) 0.4250

6 months (adjusted for 28 (8, 48) 28 (8, 47) 30 (11, 49) 52 (32, 73) 0.2667
baseline)

Change, baseline to 14 (-6, 34) 14 (-6, 33) 16 (=3, 35) 39 (18, 60) 0.2667
6 monthst

40 34

1 Adjusted for baseline.

* Values are the mean (95% confidence interval) unless otherwise indicated. SPARKS = Study of Physical Activity Rewards Following Knee
Surgery; AC = attention control; THC = telehealth coaching; FI = financial incentives; PA = physical activity.
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Figure 2. Average daily step count as measured by the Fitbit Zip
among the 4 study arms adjusted for the baseline daily step
count. The height of the bar illustrates the average daily step
count 6 months following total knee replacement in the 4 study
arms. The brackets indicate pairwise group comparisons with cor-
responding P values.

from all analyses due to missing baseline accelerometer data
(0 valid wear days).

The results of this analysis were similar to the results of
the main analyses. The mean increase in daily step count by
6 months compared to the pre-TKR levels for participants in
the control arm was 544 (95% CI —165, 1,254); for partici-
pants in the THC arm, 368 (95% CI —346, 1,083); for partici-
pants in the FI arm, 924 (95% CI 195, 1,652); and for
participants in THC + FI arm, 1,631 (95% CI 903, 2,358) (P =
0.0295 overall). The change in average daily steps over the
6-month period in THC + FI arm as compared to control arm
was 1,086 (95% CI 76, 2,097). Three subjects (1%) withdrew
from the study, and 14 subjects (7%) were discontinued for
having undergone surgery requiring overnight hospitaliza-
tion prior to 6 months. The results of the primary and sensi-
tivity analyses did not change meaningfully after excluding
these subjects.

DISCUSSION

In this randomized controlled trial of financial incentives
and telephonic health coaching for increasing PA following
TKR, we observed that a dual intervention consisting of both
telephonic health coaching and financial incentives led to
clinically relevant increases in step count (1,128 steps/day,
effect size 0.4 SD) and PA (25 minutes/week, effect size 0.7
SD) compared to controls. Using distributional properties of
the effect size (it is equivalent to Z score), an effect size of
0.4 SD indicates that two-thirds of the control arm would
have step counts lower than the average in the THC + FI
group, while an effect size of 0.7 SD would correspond to
three-fourths of the control group having fewer minutes of
PA than the average in the THC + FI group (44).

TKR alone does not lead to meaningful changes in PA
(8,9). While surgery usually restores function and improves
pain, previously sedentary individuals also require substan-
tial behavior modification to change their postoperative PA.
SPARKS made use of both internal and external motivation

principles (coaching and incentives, respectively) to facili-
tate the development of appropriate PA habits in persons
undergoing TKR. From our experience in this study, we
would recommend that future interventions involving tele-
phonic health coaching incorporate objective data captured
in real time into the coaching sessions, rather than relying
solely on participant self-report. Financial incentives, the
other intervention examined, is a relatively new modality in
the context of improving levels of PA. While the evidence
for its efficacy is mixed (45,46), a recent robust randomized
controlled trial demonstrated substantial effects of financial
incentives in improving the health of sedentary persons
(47). Tt appears that incentive amount, incentive structure,
and demographic characteristics of the recipient population
are all significantly related to intervention efficacy (48).

The results of SPARKS should be viewed in light of some
limitations. We did not record the length of our attention
control calls, and thus we are unable to make inferences
about the effects of the duration of conversations. Our finan-
cial incentives were delivered with a lag period, blunting
participants’ situational associations between increasing PA
and financial rewards. Additionally, only the participants
receiving financial incentives were required to complete PA
logs; PA diaries alone have been shown to increase step
count (49). Similarly, participants were able to view their
same-day step count on the Fitbit Zip, which could lead to
an increased step count if participants used the Fitbit as a
motivational device rather than simply a measurement
device for the research team (50). Furthermore, reports pub-
lished following the start of our trial have suggested that the
Fitbit Zip may slightly overestimate individuals’ activity
levels (51). Given that all study participants wore devices of
the same type, these issues are unlikely to affect our esti-
mates of the efficacy of the interventions. Because Fitbit Zip
measures steps and not intensity, we made the assumption
that the Fitbit Zip would be less sensitive in detecting activ-
ity compared to medical-grade devices such as the Acti-
Graph and thus relaxed the generally accepted wear time
criteria. The wear time thresholds have not been validated
specifically for use with the Fitbit Zip. Only individuals with
regular internet access were eligible to participate, which
potentially limited the generalizability of our findings to
TKR recipients with lower literacy levels or lower socioeco-
nomic status; however, only 2% of otherwise eligible sub-
jects who wanted to participate did not have internet access.
As with all trials of modest sample size, fluctuations of just
2-3 subjects may lead to differences in participant baseline
characteristics across arms. We examined these differences
carefully and felt that they were within the boundaries of
random fluctuation and that the 3 intervention arms did not
meaningfully differ from the control arm. Finally, our inter-
vention was limited in duration, spanning only 6 months fol-
lowing TKR.

The dual intervention consisting of financial incentives
and telephonic health coaching during the first 6 months
following TKR led to clinically meaningful increases in
average step count for TKR recipients. With recent moves to
shift health care financing from paying for volume to value
(52), expenditure of resources to improve PA will become
increasingly attractive, given that PA is among the most
important drivers of quality of life in OA (53-57). Future
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studies should examine the impact of health coaching using
real-time objective data in addition to financial incentives.
Formal economic evaluation of these interventions should
be undertaken to assess incorporating them into postopera-
tive rehabilitation regimens in a cost-effective manner.
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