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IMPORTANCE There is no definitive evidence that changes in physical activity/sedentary
behavior can be maintained long term in individuals with type 2 diabetes.

OBJECTIVE Toinvestigatewhetherabehavioralinterventionstrategycanproduceasustainedincrease
in physical activity and reduction in sedentary time among individuals with type 2 diabetes.

DESIGN, SETTING, AND PARTICIPANTS The Italian Diabetes and Exercise Study 2 was an open-label,
assessor-blinded,randomizedclinicalsuperioritytrial,withrecruitmentfromOctober2012toFebruary
2014andfollow-upuntilFebruary2017.In3outpatientdiabetesclinicsinRome,300physicallyinactive
andsedentarypatientswithtype2diabeteswererandomized1:1(stratifiedbycenter,age,anddiabetes
treatment) to receive a behavioral intervention or standard care for 3 years.

INTERVENTIONS All participants received usual care targeted to meet American Diabetes
Association guideline recommendations. Participants in the behavioral intervention group
(n = 150) received 1 individual theoretical counseling session and 8 individual biweekly
theoretical and practical counseling sessions each year. Participants in the standard care
group (n = 150) received only general physician recommendations.

MAIN OUTCOMES AND MEASURES Co-primary end points were sustained change in physical
activity volume, time spent in light-intensity and moderate- to vigorous-intensity physical
activity, and sedentary time, measured by an accelerometer.

RESULTS Of the 300 randomized participants (mean [SD] age, 61.6 [8.5] years; 116 women
[38.7%]), 267 completed the study (133 in the behavioral intervention group and 134 in the
standard care group). Median follow-up was 3.0 years. Participants in the behavioral
intervention and standard care groups accumulated, respectively, 13.8 vs 10.5 metabolic
equivalent-h/wk of physical activity volume (difference, 3.3 [95% CI, 2.2-4.4]; P < .001), 18.9
vs 12.5 min/d of moderate- to vigorous-intensity physical activity (difference, 6.4 [95% CI,
5.0-7.8]; P < .001), 4.6 vs 3.8 h/d of light-intensity physical activity (difference, 0.8 [95% CI,
0.5-1.1]; P < .001), and 10.9 vs 11.7 h/d of sedentary time (difference, −0.8 [95% CI, −1.0 to
−0.5]; P < .001). Significant between-group differences were maintained throughout the
study, but the between-group difference in moderate- to vigorous-intensity physical activity
decreased during the third year from 6.5 to 3.6 min/d. There were 41 adverse events in the
behavioral intervention group and 59 in the standard care group outside of the sessions;
participants in the behavioral intervention group experienced 30 adverse events during the
sessions (most commonly musculoskeletal injury/discomfort and mild hypoglycemia).

CONCLUSIONS AND RELEVANCE Among patients with type 2 diabetes at 3 diabetes clinics in
Rome who were followed up for 3 years, a behavioral intervention strategy compared with
standard care resulted in a sustained increase in physical activity and decrease in sedentary
time. Further research is needed to assess the generalizability of these findings.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01600937

JAMA. 2019;321(9):880-890. doi:10.1001/jama.2019.0922

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: Italian Diabetes
and Exercise Study 2 (IDES_2)
Investigators are listed at the end of
this article.

Corresponding Author: Giuseppe
Pugliese, MD, PhD, Department of
Clinical and Molecular Medicine,
“La Sapienza” University, Via di
Grottarossa, 1035-1039 - 00189
Rome, Italy (giuseppe.pugliese@
uniroma1.it).

Research

JAMA | Original Investigation

880 (Reprinted) jama.com

Confidential: Embargoed Until 11:00 am ET, March 05, 2019. Do Not Distribute

© 2019 American Medical Association. All rights reserved.Downloaded From: https://jamanetwork.com/ by a Saitama Medical University User  on 03/31/2019

https://clinicaltrials.gov/ct2/show/NCT01600937
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.0922&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.0922
mailto:giuseppe.pugliese@uniroma1.it
mailto:giuseppe.pugliese@uniroma1.it
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.0922
http://media.jamanetwork.com/faqs


T he American Diabetes Association recommends that
people with type 2 diabetes regularly perform physical
activity of moderate- to vigorous-intensity.1 In addi-

tion, the American Diabetes Association guidelines encour-
age reallocating as much sedentary time to light-intensity
physical activity as possible and interrupting prolonged sit-
ting with breaks of light-intensity physical activity, because
these actions provide metabolic benefits independent of each
other and of time spent in moderate- to vigorous-intensity
physical activity.2

Adherence to physical activity and exercise recommenda-
tions is generally difficult. Individuals with type 2 diabetes are
usually well below the recommended level of physical activity
and spend a large amount of daily hours sedentary.3 This be-
havior implies the need for behavioral interventions targeting
both physical activity and sedentary time. Supervised exer-
cise interventions may not be suitable for implementation in rou-
tine clinical practice4 and, although they are successful in in-
creasing moderate- to vigorous-intensity physical activity,5

appear inadequate to reduce sedentary time and may trigger
compensatory sedentary behavior.6 Most of the available stud-
ies of counseling-based interventions assessed physical activ-
ity changes for no longer than 12 months7 and used self-report
measures, which are imprecise and do not accurately capture
sedentary time and light-intensity physical activity.8

The follow-up of 2 randomized clinical trials (PACE-UP and
PACE-Lifts) of the general population showed maintenance of
increases in objectively measured moderate- to vigorous-
intensity physical activity, but no effect on sedentary time.9 In
the Look-AHEAD trial, increases in moderate- to vigorous-
intensity physical activity and cardiorespiratory fitness among
participants with type 2 diabetes 4 years after baseline were one-
fourth of the increases 1 year after baseline.10,11 Thus, to date,
there is no definitive evidence that changes in physical activ-
ity and sedentary behavior can be maintained long term.4,7,12

The Italian Diabetes and Exercise Study 2 (IDES_2) inves-
tigated whether a behavioral intervention strategy was more
effective than standard care in promoting a sustained in-
crease in physical activity and reduction in sedentary time in
individuals with type 2 diabetes.

Methods
This study was an open-label, assessor-blinded, parallel, su-
periority randomized clinical trial. The research protocol
(Supplement 1 and eFigure 1 in Supplement 2)13,14 complies with
the Declaration of Helsinki and was approved by the Ethics
Committee of Sant’Andrea University Hospital. Participants
provided written informed consent.

Participants
The main entry criterion was type 2 diabetes (defined by the
American Diabetes Association criteria15) for at least 1 year. Ad-
ditional requirements were age 40 to 80 years, body mass index
of 27 to 40, physical inactivity (ie, insufficient amounts of physi-
cal activity according to current guidelines16) and sedentary life-
style (ie, >8 hours of time awake spent in a sitting or reclining

posture17) for at least 6 months, ability to walk 1.6 km without
assistance, and clearance by a cardiologist. All patients attend-
ing the study centers from October 2012 to February 2014 were
evaluated for eligibility based on medical history, clinical exami-
nation, accelerometer data, and cardiologic evaluation.

Investigators
A specific strategy was implemented to train physicians and
exercise specialists participating in this trial to standardize pro-
cedures, improve the efficacy and safety of the intervention,
promote patient adherence, and minimize dropout, as previ-
ously detailed.5

Randomization and Blinding
In 3 tertiary referral outpatient diabetes clinics in Rome, pa-
tients were randomized 1:1 to a behavioral intervention group
to receive theoretical and practical counseling or a standard care
group to receive only general physician recommendations.

Randomization was stratified by center and, within each
center, by age (<65 years vs ≥65 years) and diabetes treatment
(noninsulin vs insulin). Using a permuted block randomiza-
tion and SAS software version 9.4, which randomly varies the
block size (range, 4-8), an allocation sequence was generated
and concealed, and investigators were informed of group as-
signment by telephone.

Physicians, exercise specialists, and participants were not
blinded, whereas assessors of physical activity/sedentary time
and biochemical parameters were blinded to group assignment.

Interventions
Participants in the behavioral intervention group partici-
pated in 1 individual theoretical counseling session, con-
ducted by a diabetologist, and 8 biweekly individual theoreti-
cal and practical counseling sessions, conducted by a certified
exercise specialist, per year for 3 years. This approach, de-
rived from the original IDES protocol,18 was conceived to pro-
mote a 2-step behavior change to decrease sedentary time by
substituting it with a wide range of light-intensity physical ac-
tivities and/or interrupting prolonged sitting with brief bouts
of light-intensity physical activity and to reallocate seden-
tary time and/or light-intensity physical activity toward gradu-
ally increasing amounts of purposeful moderate- to vigorous-
intensity physical activity.13,14

Key Points
Question Can changes in physical activity/sedentary behavior be
maintained in individuals with type 2 diabetes?

Findings In this randomized clinical trial of 300 patients with 3
years of follow-up, a behavioral intervention compared with
standard care resulted in a significant difference over time in
physical activity volume (3.3 metabolic equivalent-hours per week),
moderate- to vigorous-intensity physical activity (6.4 minutes per
day), and light-intensity physical activity (0.8 hours per day), as well
as a difference in sedentary time (−0.8 hours per day).

Meaning A behavioral intervention may lead to a sustained
increase in physical activity and decrease in sedentary time.
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Participants in the standard care group received only gen-
eral physician recommendations for increasing daily physi-
cal activity and decreasing sedentary time.

Patients from both groups received the same treatment
regimen, including dietary prescription, to achieve glycemic,
lipid, blood pressure, and body weight targets, according to
contemporaneous American Diabetes Association guidelines.15

Treatment regimens were adjusted at each visit using a pre-
specified algorithm.

Measurements
Levels of moderate- to vigorous-intensity physical activity, light-
intensity physical activity, and sedentary time were measured
withanaccelerometer(MyWellnessKey,Technogym),whichhad
been validated against Actigraph19 and provided accurate data
of total physical activity volume and time spent at different
intensities,20 even in individuals with type 2 diabetes.21 Partici-
pants used a daily diary for reporting time spent wearing the
instrument;timespentsleepingandnapping;andtimespentper-
forming nonaccelerometer–recordable activities, such as swim-
ming, cycling, and skiing. Participants were asked to attach the
device at their waist and to wear it all day (except if swimming)
until going to sleep to avoid the influence of the “time acceler-
ometer worn,” which may have caused underestimation of total
daily sedentary time. Because of this request, it was possible to
assume that the time participants were awake without wearing
theaccelerometerwasspentinroutinemorningandeveningsed-
entary activities, unless spent doing activities that cannot be per-
formed while wearing the accelerometer (eg, swimming). Re-
sultswereexpressedastotalsedentarytime,calculatedbyadding
the time not wearing the accelerometer while awake to the
accelerometer-recorded sedentary time. Time spent in nonac-
celerometer–recordable activities, as reported in the diary, was
added to time recorded by the accelerometer, according to the
self-reported intensity of each activity. Participants wore the ac-
celerometer every day from baseline to the end of month 4, and
then for the last week of the month every 4 months (ie, the last
week of month 8, 12, 16, 20, 24, 28, 32, and 36).13,14

At the same points when measurements were obtained,
modifiable cardiovascular risk factors were assessed using stan-
dard methods, as reported in Supplement 1, and 10-year coro-
nary heart disease (CHD) and stroke risk scores were calcu-
lated using the United Kingdom Prospective Diabetes Study
(UKPDS) risk engine.22

At baseline and every year thereafter, participants were
evaluated for cardiorespiratory fitness by estimating maxi-
mal oxygen uptake from peak oxygen uptake during a maxi-
mal treadmill test, upper and lower body strength from iso-
metric tests, and flexibility using a standard bending test.13,14

Outcome Measures
Co-primary end points were changes in physical activity volume
(metabolic equivalent [MET]-hours per week-1 [h/wk]), time
spent in light-intensity physical activity (hours per day-1 [h/d])
and moderate- to vigorous-intensity physical activity (min per
day-1 [min/d]), and sedentary-time (h/d) from baseline over the
3-year period. Secondary end points were improvements in
physical fitness, including cardiorespiratory fitness, upper and

lower body strength, and flexibility; modifiable cardiovascular
risk factors, including hemoglobin A1c (HbA1c), fasting plasma
glucose, triglycerides, total high-density and low-density lipo-
protein cholesterol, systolic and diastolic blood pressure, esti-
mated glomerular filtration rate, albumin:creatinine ratio, body
weight, waist circumference, and high-sensitivity C-reactive
protein; and 10-year CHD and stroke risk scores.13,14 Percent-
age of participants achieving prespecified targets for physical
activity volume (>20 MET-h/wk), light-intensity physical activ-
ity (>6 h/d), moderate- to vigorous-intensity physical activity
(≥150 min/wk), and sedentary time (<10 h/d) were also calcu-
lated, and adverse events were recorded. The other secondary
end points and ancillary objectives indicated in the eAppendix
in Supplement 1 are not reported.

Statistical Analysis
Unpublished preliminary accelerometer data, using the
MyWellness Key accelerometer, showed that the mean (SD)
physical activity volume in physically inactive, sedentary pa-
tients with type 2 diabetes was 10.5 (4.1) MET-h/wk. It was cal-
culated that 142 participants per group (284 total) were needed
to observe a 15% between-group difference in daily physical
activity with a statistical power of 90% (α = .05) by unpaired
t test,13,14 and that a sample size of 300 participants allowed
a 5% dropout rate, as observed in the IDES.5 The 15% differ-
ence was considered the minimal clinically important change
based on the evidence that a 15% improvement in exercise ca-
pacity is associated with a decrease in mortality.23

Because change in multicomponent (physical activity–
related) behavior was the primary outcome measure of this
study, targeting both physical activity and sedentary time, and
none of the 4 primary outcome measures alone is able to cap-
ture this change, all co-primary end points were required to be
significant to interpret the study as positive and the interven-
tion as successful. Patients were analyzed according to their ran-
domization group and per-protocol. The comparison of the in-
tervention vs standard care on the primary and secondary end
points was assessed by mixed models for repeated measures.
Prespecified subgroup analyses were conducted for the pri-
mary outcomes by sex, age (<65 years vs ≥65 years), and treat-
ment (noninsulin vs insulin), using the same models; P values
for interaction were also estimated using type III F tests.

In post hoc analyses, participants in the behavioral inter-
vention group who became physically active (ie, accumulated
>150 min/wk of moderate- to vigorous-intensity physical activ-
ity throughout the 3-year period) were compared with the entire
group.Aseparateposthocanalysiswasconductedforparticipants
with baseline HbA1c values greater than or equal to 8%. In a post
hoc analysis, time when not wearing the accelerometer and
accelerometer-recordedsedentarytimewereanalyzedseparately,
in addition to calculating accelerometer wear time and sleeping
times. To account for the effect of multiple sites, the interaction
with the site was also evaluated, followed by a post hoc analysis
using hierarchical modeling with site as a random effect.

Models for repeated measures with an autoregressive
correlation-type matrix make an assumption of missing at
random and account for both missingness at random and
potential correlation within participants, because they allow
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evaluation of all individuals, including participants with in-
complete data.24 A per-protocol analysis was performed as a
sensitivity analysis to assess the robustness of inferences about
treatment effects on participants with complete data.

Statistical analyses were performed using SAS software ver-
sion 9.4, and the statistical significance level was set post hoc
at α<.0125 (2-tailed) to account for the 4 co-primary end points.
Because of the potential for type I error due to multiple com-
parisons, findings for analyses of secondary end points should
be interpreted as exploratory.

Results
Study Participants
A total of 449 patients were assessed for eligibility in the 3 out-
patient diabetes centers. After excluding 149 patients, the re-
maining300(mean[SD]age,61.6[8.5]years;116women[38.7%])

were randomized to the behavioral intervention or standard care
group. Of the 300 participants, 267 completed the study at the
final evaluation (133 in the behavioral intervention group and 134
in the standard care group) and 33 participants (17 in the behav-
ioral intervention group and 16 in the standard care group) were
lost to follow-up (Figure 1). Participant follow-up ended in
February 2017. The baseline features of study participants are
reported in the Table and eTable 1 in Supplement 2.

Of 150 participants in the behavioral intervention group,
150 attended the theoretical counseling session in year 1, 143
in year 2, and 129 in year 3. Regarding the theoretical and prac-
tical counseling sessions, total attendance was 1133 of a pos-
sible 1200 (94.4%) in year 1, 1072 of 1144 (93.7%) in year 2, and
990 of 1032 (95.9%) in year 3.

Primary End Points
Among participants in the behavioral intervention group,
physical activity volume, light-intensity physical activity,

Figure 1. Flow of Participants in a Study of the Effect of a Behavioral Intervention on Physical Activity
in Patients With Type 2 Diabetes

499 Assessed for eligibility

149 Excluded
78 Did not meet inclusion criteria

8 Other
12 Not cleared by the cardiologist
51 Declined to participate

300 Randomized

150 Included in analysis

150 Randomized to the behavioral
intervention group

92 Aged <65 y
58 Aged >65 y

126 Received noninsulin treatment
24 Received insulin treatment

150 Randomized to the standard
care group

89 Aged <65 y
61 Aged >65 y

120 Received noninsulin treatment
30 Received insulin treatment

422 Received behavioral intervention
150 Participants in year 1
143 Participants in year 2
129 Participants in year 3

428 Received standard care
150 Participants in year 1
144 Participants in year 2
134 Participants in year 3

150 Included in analysis

17 Lost to follow-up
7 After month 4
3 Withdrew
1 Major depression
1 Inguinal hernia repair
1 Knee joint replacement for

tibial plateau fracture
1 Arthroscopic knee surgery for

anterior cruciate ligament rupture
3 After month 12 (withdrew)
4 After month 16

3 After month 20

1 Withdrew
1 Percutaneous coronary

revascularization

1 Cancer

3 Withdrew
1 Stroke

16 Lost to follow-up
4 After month 4

1 Moved
2 Cancer

2 After month 8

4 After month 16

1 After month 20 (moved)
5 After month 24

1 Moved
1 Inguinal hernia repair
1 Varicose vein surgery

2 Cancer

1 Moved
1 Cancer

1 Multiple fractures
1 Cancer

1 Acute myocardial infarction
1 Stroke

1 Acute myocardial infarction
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and moderate- to vigorous-intensity physical activity
increased and sedentary time decreased during the initial 4
months, as previously reported,13 then remained stable until
the end of year 2. Thereafter, physical activity volume, light-
intensity physical activity, and moderate- to vigorous-
intensity physical activity decreased, but remained signifi-
cantly higher than baseline levels, and sedentary time
increased, but remained significantly lower than baseline
levels. Among participants in the standard care group,
increases in physical activity volume, light-intensity physi-
cal activity, and moderate- to vigorous-intensity physical
activity and decreases in sedentary time were lower than in
the behavioral intervention group. At the end of the study,
physical activity volume, light-intensity physical activity,
and moderate- to vigorous-intensity physical activity were
lower and sedentary time was higher than baseline values.
Over the 3-year period, participants in the behavioral inter-
vention and standard care group accumulated 13.8 vs 10.5
MET-h/wk of physical activity volume (difference, 3.3 [95%
CI, 2.2-4.4]; P < .001), 18.9 vs 12.5 min/d of moderate- to
vigorous-intensity physical activity (difference, 6.4 [95% CI,
5.0-7.8]; P < .001), 4.6 vs 3.8 h/d of light-intensity physical
activity (difference, 0.8 [95% CI, 0.5-1.1]; P < .001), and 10.9
vs 11.7 h/d of sedentary time (difference, −0.8 [95% CI, −1.0
to −0.5]; P < .001), respectively (Figure 2). Between-group
differences were maintained throughout the study period,
except for differences in moderate- to vigorous-intensity
physical activity, which decreased during the third year from
6.5 to 3.6 min/d (eTables 2-4 in Supplement 2). Results were
similar in per-protocol (eTable 5 in Supplement 2) and sub-
group analyses, except for the nonsignificant between-group
differences among patients receiving insulin treatment, with
no significant interaction (eFigure 2 in Supplement 2). There
was no effect of site on the 4 co-primary outcomes, as
shown by the nonsignificant interaction and the post hoc
hierarchical modeling with site as a random effect (eTable 6
in Supplement 2). In both groups, accelerometer wear time
was approximately 15 h/d throughout the study, indicating
that participants had likely worn the device most of the day
while awake.

More participants achieved prespecified targets of physi-
cal activity volume, light-intensity physical activity, moderate-
to vigorous-intensity physical activity, and sedentary time at
year 1, 2, and 3 in the behavioral intervention than in the stan-
dard care group (eFigure 3 in Supplement 2). Scatterplots of
preintervention vs postintervention data at the patient level
are shown in eFigure 4 in Supplement 2.

Secondary End Points
In the behavioral intervention group, cardiorespiratory fit-
ness and lower body strength improved significantly, whereas
all fitness parameters worsened in the standard care group. As
a consequence, the mean differences over time between par-
ticipants in the behavioral intervention and standard care group
in cardiorespiratory fitness (2.63 mL/min/kg [95% CI, 1.09-
4.17), lower body strength (24.2 Newton meters [95% CI, 10.78-
37.58]), and flexibility (−3.9 cm [95% CI, −6.40 to −1.45]) were
statistically significant (P < .001) (Figure 3). Similarly, the

Table. Baseline Characteristics of Participants in a Study of the Effect
of a Behavioral Intervention in Individuals With Type 2 Diabetes

Variable
Behavioral
Intervention Standard Care

No. 150 150
Age, mean (SD), y 61.0 (9.7) 62.3 (10.1)
Sex, No. (%)

Women 59 (39.3) 57 (38.0)
Men 91 (60.7) 93 (62.0)

Smoking, No. (%)
Never 64 (42.7) 58 (38.7)
Former 61 (40.7) 60 (40.0)
Current 25 (16.7) 32 (21.3)

Type 2 diabetes duration, median (IQR), y 8.0 (4.0-16.0) 9.0 (4.0-15.0)
Hemoglobin A1c, mean (SD), % 7.4 (1.6) 7.3 (1.4)
Fasting plasma glucose,
mean (SD), mg/dL

134.4 (44.8) 139.3 (53.7)

Body weight, mean (SD), kg 84.2 (17.1) 84.0 (15.9)
BMI, mean (SD) 30.0 (4.9) 30.1 (5.3)
Waist circumference, mean (SD), cm 103.3 (13.2) 103.9 (12.4)
Triglycerides, median (IQR), mg/dL 138.0

(94.0-203.5)
132.5
(98.0-200.0)

Total cholesterol, mean (SD), mg/dL 181.7 (39.0) 179.2 (38.9)
HDL cholesterol, mean (SD), mg/dL 48.3 (14.3) 46.3 (13.6)
LDL cholesterol, mean (SD), mg/dL 112.1 (32.8) 111.3 (34.2)
Systolic blood pressure, mm Hg 139.5 (19.7) 140.7 (21.2)
Diastolic blood pressure, mean (SD),
mm Hg

82.6 (9.9) 83.1 (13.3)

hs-CRP, median (IQR), mg 2.4 (1.0-4.9) 2.3 (1.1-6.1)
eGFR, mean (SD), mL/min/1.73m2 88.1 (18.3) 86.1 (18.5)
Albumin:creatinine ratio,
mean (IQR), mg/g

7.4 (3.1-18.9) 6.9 (3.1-32.0)

CHD 10-y risk, median (IQR), %a 17.4
(10.1-26.5)

17.1
(12.6-27.8)

Fatal CHD 10-y risk, median (IQR), %a 11.7 (5.4-19.4) 12.2 (6.8-19.4)
UKPDS stroke 10-y risk,
median (IQR), %a

8.4 (4.6-16.0) 10.6 (5.5-18.9)

UKPDS fatal stroke 10-y risk,
median (IQR), %a

1.2 (0.7-2.6) 1.7 (0.8-3.1)

Physical activity volume,
mean (SD), MET-h/wk

11.6 (4.6) 10.5 (4.8)

Light-intensity physical activity,
mean (SD), h/d

4.06 (1.3) 3.79 (1.4)

Moderate- to vigorous-intensity
physical activity, mean (SD), min/d

12.7 (4.2) 12.1 (5.0)

Sedentary time, mean (SD), h/d 11.5 (1.2) 11.7 (1.1)
Cardiorespiratory fitness, mean (SD),
mL/min/kg

24.9 (5.9) 24.5 (7.0)

Upper body strength,
median (IQR), Nm

239.0
(181.8-311.5)

244.5
(184.3-313.3)

Lower body strength,
median (IQR), Nm

150.0
(116.8-211.0)

155.5
(115.0-197.3)

Flexibility, median (IQR), cm 16.0 (7.8-24.3) 17.0 (6.0-23.0)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CHD, coronary heart disease; eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein; hs-CRP, high-sensitivity
C-reactive protein; IQR, interquartile range; LDL, low-density lipoprotein;
MET, metabolic equivalent; Nm, Newton meter.

SI conversion factors: To convert glucose to mmol/L, multiply by 0.0555;
triglycerides to mmol/L, multiply by 0.0113; and total, HDL, and LDL cholesterol
to mmol/L, multiply by 0.0259.
a Based on the United Kingdom Prospective Diabetes Study (UKPDS) risk

engine, which is based on the outcomes from 53 000 patient-years of data in
the UKPDS.22 In theory, the 10-year risk for each measure can range from 0%
to 100%, although the maximum risk for fatal stroke is below 50%. For a
white, nonsmoking man without atrial fibrillation with the median values of
our sample, the risk would be 20.4% for CHD, 13.2% for fatal CHD, 8.4% for
stroke, and 1.2% for fatal stroke. For a white, nonsmoking woman, the risk
percentages would be 12.9%, 9.0%, 7.9%, and 1.2%, respectively.
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between-group differences in the change from baseline were
significant for all parameters at year 1, 2, and 3 (eTables 2 and
3 in Supplement 2). Results were similar in the per-protocol
analyses (eTable 5 in Supplement 2).

The mean difference in participants in the behavioral in-
tervention vs standard care group was significant for fasting
plasma glucose (P=.007), systolic blood pressure (P=.02), total
CHD 10-year risk score (P=.03), and fatal CHD 10-year risk score
(P= .04) over time, whereas the differences did not achieve sta-
tistical significance for the remaining cardiovascular risk fac-
tors and scores (Figure 4, Figure 5, and eFigure 5 in Supple-
ment 2), including HbA1c. The between-group mean difference
in change from baseline was significant for total stroke risk
score (P=.04) after 2 years and HbA1c (P=.02), fasting plasma

glucose (P=.04), 10-year total CHD risk score (P=.01), 10-year
fatal CHD risk score (P=.008),0-year total CHD (P=.01), fatal
CHD (P=.008), and total stroke (P=.01) after 3 years (eTables 2-4
in Supplement 2). Results were similar in the per-protocol
analyses (eTable 5 in Supplement 2).

Throughout the study, changes in medication were simi-
lar in participants in the behavioral intervention and stan-
dard care groups, (eTable 7 in Supplement 2) and insulin dos-
age did not differ between groups (eTable 8 in Supplement 2).

Post Hoc Analyses
Results of post hoc analyses of additional accelerometer mea-
sures are reported in eFigure 6 in Supplement 2. Changes from
baseline to the end of the study period in the 49 participants

Figure 2. Changes Over Time in Physical Activity and Sedentary Time
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Boxplots show the distribution (median, 25th and 75th percentile) of crude data
(no imputation) and the lines indicate the mean values estimated by a mixed
model for repeated measures. Whiskers indicate 95% CIs, circles indicate
outliers (ie, values between 1.5 and 3 interquartile ranges from the end of a box),

and asterisks indicate extreme values (ie, values more than 3 interquartile ranges
from the end of a box). Between-group mean differences (95% CIs) over time
and P values were calculated with a mixed model for repeated measures and are
reported for each variable. MET indicates metabolic equivalent.
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in the behavioral intervention group who became physically
active (≥150 min/wk of moderate- to vigorous-intensity physi-
cal activity) were higher than the change in the overall behav-
ioral intervention group (physical activity volume, 5.1 vs
1.3 MET-h/wk; light-intensity physical activity, 0.6 vs 0.2 h/d;
moderate- to vigorous-intensity physical activity, 9.5 vs
3.1 min/d; sedentary time, −0.8 vs −0.3 h/d; cardiorespiratory
fitness, 4.9 vs 2.8 mL/min/kg; and HbA1c, −0.59% vs −0.27%).
HbA1c was significantly reduced in the behavioral interven-
tion group vs the standard care group in an analysis including
only participants with baseline values greater than or equal to
8% (eFigure 7 in Supplement 2). Scatterplots of change in physi-
cal activity volume and sedentary time vs change in selected
biological variables are shown in eFigure 8 in Supplement 2.

Adverse Events
Outside of sessions, 41 adverse events occurred in the behav-
ioral intervention group vs 59 in the standard care group. Par-
ticipants in the behavioral intervention group had 8 episodes
of mild hypoglycemia, 3 episodes of tachycardia/arrhythmia,
and 19 episodes of musculoskeletal injury/discomfort during
the theoretical and practical counseling sessions (eTable 9 in
Supplement 2).

Discussion
In this study, a behavioral intervention compared with stan-
dard care resulted in a sustained increase in physical activity

Figure 3. Changes Over Time in Physical Fitness Parameters
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Boxplots show the distribution (median, 25th and 75th percentile) of crude data
(no imputation) and the lines indicate the mean values estimated by a mixed
model for repeated measures. Whiskers indicate 95% CIs, circles indicate
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Between-group mean differences (95% CIs) over time and P values were
calculated with a mixed model for repeated measures and are reported for
each variable.
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Figure 4. Changes Over Time in Cardiovascular Risk Factors and Scores
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Boxplots show the distribution (median, 25th and 75th percentile) of crude data
(no imputation) and the lines indicate the mean values estimated by a mixed
model for repeated measures. Whiskers indicate 95% CIs, circles indicate
outliers (ie, values between 1.5 and 3 interquartile ranges from the end of a box),

and asterisks indicate extreme values (ie, values more than 3 interquartile ranges
from the end of a box). Between-group mean differences (95% CIs) over time
and P values were calculated with a mixed model for repeated measures and are
reported for each variable.
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and decrease in sedentary time in sedentary and physically in-
active participants with type 2 diabetes.

This behavioral intervention strategy was successful in in-
creasing physical activity volume by reallocating sedentary
time to light-intensity physical activity and, to a lesser ex-
tent, moderate- to vigorous-intensity physical activity. Sig-
nificant between-group differences were maintained through-
out the study period for all the co-primary end points; however,
the difference in moderate- to vigorous-intensity physical
activity diminished during the third year, suggesting that
moderate- to vigorous-intensity physical activity is more dif-
ficult to maintain with time and increasing age.

In the behavioral intervention group, the reduction in sed-
entary time from baseline compared with the standard care
group was higher than in a previous meta-analysis of random-
ized clinical trials targeting both physical activity and seden-
tary behavior25 (−48 vs −24 min/d), whereas the increase in
moderate- to vigorous-intensity physical activity was higher
than in the Look-AHEAD trial at year 4 (21.7 vs 13.0 min/wk).11

The simultaneous increase in moderate- to vigorous-
intensity physical activity and decrease in sedentary time
(with reciprocal increment in light-intensity physical activ-
ity) are at variance with the Early-ACTID trial of individuals
with diabetes26 and the PACE-UP and PACE-Lifts trials of the
general population,9 which were successful in increasing
moderate- to vigorous-intensity physical activity but failed to
reduce sedentary time. The present findings support the need
for interventions targeting all domains of behavior to obtain
substantial lifestyle changes, not limited to moderate- to
vigorous-intensity physical activity, which has little effect on
sedentary time. This concept is consistent with a 2018 report

showing that physical activity, sedentary time, and cardiores-
piratory fitness are all important for cardiometabolic health.27

Although there was a wide range of responses to the in-
tervention in the current study, a substantial proportion of par-
ticipants ameliorated their behavior. In particular, partici-
pants who became and remained physically active throughout
the follow-up achieved meaningful improvements in physi-
cal activity and sedentary time as well as in physical fitness
and cardiovascular risk factors/scores.

Behavior change was associated with different changes in
the exploratory secondary outcomes. There was a sustained
improvement in physical fitness, supporting the concept that
even relatively small increases in physical activity (primarily
light-intensity physical activity) and decreases in sedentary
time may result in increased cardiorespiratory fitness and
muscle strength, at variance with interpretations from vari-
ous intervention studies that examined the effect of light-
intensity physical activity on cardiovascular disease risk
factors,28 but consistent with the results of the Maastrict
Study.29 Unlike the Look-AHEAD trial, in which the increase
in cardiorespiratory fitness was 20.4% at year 1, but was sig-
nificantly diminished at year 4 (5.1%) in parallel with the de-
creasing intensity of the intervention,11 participants in this
study maintained the increase from baseline in cardiorespira-
tory fitness (15% after 1 year and 11% after 3 years), possibly
because the intensity of intervention, albeit lower than in the
Look-Ahead trial, did not vary throughout the study period.
Conversely, only minor reductions were observed in HbA1c,
fasting plasma glucose, and systolic blood pressure, consis-
tent with previous studies showing only modest improve-
ments in HbA1c after behavioral or lifestyle interventions,5,26,30

Figure 5. Changes Over Time in 10-Year Coronary Heart Disease and Fatal Coronary Heart Disease Risk Scores
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Boxplots show the distribution (median, 25th and 75th percentile) of crude data
(no imputation) and the lines indicate the mean values estimated by a mixed
model for repeated measures. Whiskers indicate 95% CIs, circles indicate
outliers (ie, values between 1.5 and 3 interquartile ranges from the end of a box),

and asterisks indicate extreme values (ie, values more than 3 interquartile ranges
from the end of a box). Between-group mean differences (95% CIs) over time
and P values were calculated with a mixed model for repeated measures and are
reported for each variable.
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although the small HbA1c reduction might be dependent on the
relatively low average baseline values.

Several lines of evidence suggest that such a sustained
change in behavior may be beneficial for cardiovascular and gen-
eral health. First, changes in cardiovascular risk factors, though
minor, resulted in a significantly lower age-dependent increase
in UKPDS risk scores, which might translate into long-term car-
diovascular protection. Second, increased cardiorespiratory and
muscular fitness were shown to be associated with reduced total
and cardiovascular mortality both in the general population and
in individuals with diabetes, independently from cardiovascu-
lar risk factors.31-33 Each 1-MET increment (3.5 mL/min/kg) in car-
diorespiratory fitness has been associated with a 10% to 25% re-
duction in mortality, with the largest benefits occurring among
low-fitness individuals, such as individuals with type 2
diabetes.34 Third, a physically active lifestyle helps to combat
reduced mobility, which is an independent risk factor for mor-
bidity, hospitalization, disability, and mortality.35

The primary strength of this study is the application of an
intervention targeting both physical activity and sedentary
time across all settings (eg, leisure, transportation, house-
hold, and occupation), based on theoretical grounds and
using several behavior change techniques. Other strengths
include specific investigator training, long study duration,
large sample size, objective (accelerometer-based) measure-
ment of physical activity and sedentary time, and concurrent
assessment of physical fitness.

Limitations
This study has several limitations. First, generalizability and
implementation of the intervention in clinical practice re-
quire further investigation and validation of the intervention
in different cohorts or settings. In particular, the effects of this
strategy might be different in other cities because of climatic,
socioeconomic, and cultural differences, although many other
factors that may favor a physically inactive and sedentary
lifestyle are common to all densely populated urban areas
(eg, safety, crime, traffic, transport, walkability). Second, ac-
celerometer use may have also promoted physical activity in
the standard care group.36 Third, because the accelerometer
did not provide time-stamped data, it was not possible to ob-
tain direct measurements of sedentary time or information on
the pattern of sedentary time accumulation. Fourth, diet was
not considered in the data analysis, even though patients re-
ceived dietary prescriptions and adherence to diet was veri-
fied at intermediate visits.

Conclusions
Among patients with type 2 diabetes treated at 3 diabetes clinics
in Rome and followed up for 3 years, a behavioral intervention
compared with standard care resulted in a sustained increase in
physicalactivityanddecreaseinsedentarytime.Furtherresearch
is needed to assess the generalizability of these findings.
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