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Aims: There are few proven strategies to enhance physical activity and cardiometabolic profiles

in patients with type 2 diabetes and hypertension. We examined the effects of physician-

delivered step count prescriptions and monitoring.

Methods: Participants randomized to the active arm were provided with pedometers and they

recorded step counts. Over a 1-year period, their physicians reviewed their records and pro-

vided a written step count prescription at each clinic visit. The overall goal was a 3000 steps/

day increase over 1 year (individualized rate of increase). Control arm participants were advised

to engage in physical activity 30 to 60 min/day. We evaluated effects on step counts, carotid

femoral pulse wave velocity (cfPWV, primary) and other cardiometabolic indicators including

haemoglobin A1c in diabetes (henceforth abbreviated as A1c) and Homeostasis Model Assess-

ment-Insulin Resistance (HOMA-IR) in participants not receiving insulin therapy.

Results: A total of 79% completed final evaluations (275/347; mean age, 60 years; SD, 11).

Over 66% of participants had type 2 diabetes and over 90% had hypertension. There was a net

20% increase in steps/day in active vs control arm participants (1190; 95% CI, 550-1840).

Changes in cfPWV were inconclusive; active vs control arm participants with type 2 diabetes

experienced a decrease in A1c (−0.38%; 95% CI, −0.69 to −0.06). HOMA-IR also declined in

the active arm vs the control arm (ie, assessed in all participants not treated with insulin; −0.96;

95% CI, −1.72 to −0.21).

Conclusions: A simple physician-delivered step count prescription strategy incorporated into

routine clinical practice led to a net 20% increase in step counts; however, this was below the

3000 steps/day targeted increment. While conclusive effects on cfPWV were not observed,

there were improvements in both A1c and insulin sensitivity. Future studies will evaluate an

amplified intervention to increase impact.
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1 | INTRODUCTION

In adults with type 2 diabetes, self-reported regular walks lead to a

greater-than-40% reduction in both mortality and vascular event rates

over the decade that follows the walking assessment.1–3 Pedometers

and accelerometers capture “steps” in real time; in recent years, there

has been a surge of popular interest in these devices as a means of

tracking physical activity, setting targets and, thereby, improving health.

In a longitudinal evaluation among adults with prediabetes, a

2000 steps/day increase over 1 year was associated with an 8% reduc-

tion in vascular complications over an average of 6 years.4 These find-

ings support the case for integrating step count monitoring into the

clinical management of individuals at high cardiometabolic risk.

Pedometer-based intervention trials have generally focused on

group-based sessions led by a facilitator who works with group members

to set goals and develop action plans. Such trials demonstrate an increase

of roughly 2000 steps/day over a 3 to 6-month intervention period.5,6

Unfortunately, many pedometer-based interventions are time-limited,

and there is evidence that step counts decline over time once the inter-

vention ends.7 In contrast, patients have long-term relationships with

their treating physicians and there are no direct costs to patients associ-

ated with clinical follow-up in a publicly-funded health care system. Thus,

physician-delivered interventions are potentially sustainable. However,

physicians cite many barriers to providing counseling concerning physical

activity, including lack of resources, effective tools, time and training.8–10

With an eye to sustainability and feasibility, we developed a

pedometer-based intervention that was designed to be easily integrated

into clinic visits for patients with type 2 diabetes and/or hypertension.

The SMARTER trial (Step Monitoring to improve ARTERial health; Clini-

cal Trials.gov NCT0147520) evaluated a pedometer-based intervention

that was integrated into real-world clinical practice settings where adults

with type 2 diabetes and/or hypertension are followed. The interven-

tion, delivered by the patient’s own physician, was designed to be short,

simple and easily integrated into clinic visits, to allow for sustainability. It

involved goal-setting, summarized in a “step count prescription.” “Steps”

may be easier for physicians to prescribe than more complex forms of

exercise. The change in step counts over the 1-year intervention was

compared between active and control arms.

Our aim was not only to capture an impact of the intervention on

physical activity, but also to gauge its biological effects. Thus, we evaluated

changes in several cardiometabolic measures. Primary outcome was change

in carotid femoral pulse wave velocity (cfPWV). This is a non-invasive

measure that reflects the composite effects of all vascular risk factors on

arterial health, and is considered to be a summative indicator of arterial

health. It is an independent predictor of cardiovascular events.11–13

2 | MATERIALS AND METHODS

The study design and methods have been described previously

(SMARTER; Step Monitoring to improve ARTERial health; Clinical-

trials.gov NCT01475201; registered November 16, 2011; first patient

recruited February 14, 2012).14 Briefly, SMARTER was a prospective,

randomized, open-label, blinded-endpoint (PROBE) trial. Written

informed consent was obtained and trial procedures were approved

by McGill University’s Faculty of Medicine Institutional Review Board

(A08-M76-11B) and participating institutions (McGill University

Health Centre, St. Mary’s Hospital, Jewish General Hospital, Institut

de Recherches Cliniques de Montréal).

A total of 74 physicians identified potentially eligible participants

during routine clinic visits (2012-2015). Eligibility criteria included a

diagnosis of type 2 diabetes, hypertension, or both; age of ≥18 years;

body mass index (BMI) of 25 to 40 kg/m2; and absence of gait

impairment. Individuals with co-morbid conditions with potential to

impact procedures/outcomes (eg, active malignancy, pregnancy) were

not enrolled, and those who reported 150 minutes or more of

leisure-time physical activity/week were also excluded. If cfPWV

could not be assessed at the baseline evaluation (eg, because of atrial

fibrillation or other arrhythmias), candidates were not randomized.

Similarly, candidates were excluded if pedometer-recorded step

counts were 10 000/day or more during the 1-week evaluation

phase that was a component of the baseline assessment. Although

increases in physical activity are arguably beneficial, irrespective of

baseline activity levels, the greatest benefits are likely to be realized

by the least fit and least active.15,16

2.1 | Ethics approval and consent to participate

Written informed consent was obtained and trial procedures were

approved by McGill University’s Faculty of Medicine Institutional

Review Board (A08-M76-11B) and participating institutions (McGill

University Health Centre, St. Mary’s Hospital, Jewish General Hospi-

tal, Institut de Recherches Cliniques de Montréal).

2.2 | Measurements

Participants completed questionnaires addressing demographic fac-

tors and medical history. Health behaviours and medications were

queried and measurements were completed at both baseline and final

assessments. Type 2 diabetes, hypertension and dyslipidemia diag-

noses were based on physician-reported diagnosis, use of corre-

sponding medications and/or participant-reported diagnosis. Duration

of disease was acquired by participant report. Participants wore a
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Yamax SW-701 pedometer at the waist for one week. The viewing

window was concealed with a snap-on cover and tamper-proof seal.14

The pedometer was sent to the study centre with an unused pedome-

ter (pre-stamped envelope) that captured the “extra” step counts regis-

tered during mailing. These extra steps were subtracted from the value

on the pedometer that was worn and steps/day were computed.

All measurements were performed in the morning under standar-

dized conditions at the Vascular Health Unit, Montreal General Hospital,

Montreal (Director, S.S. Daskalopoulou). Participants were fasting and

were specifically instructed to abstain from caffeinated beverages, etha-

nol intake and smoking for at least 12 hours prior to assessment. All

usual medications, other than antihyperglycaemic agents, were taken

the morning of assessment. cfPWV was assessed in duplicate in a

supine position after a 10-minute rest using applanation tonometry

(SphygmoCor system, AtCor Medical, Sydney, Australia) and values were

averaged.17–19 Specifically, a micromanometer-tipped tonometer (SPC-

301; Millar Instruments, Houston, Texas) was placed on the skin over-

laying the carotid artery and the femoral artery. With this instrument

and a 3-lead electrocardiogram (ECG), the PWV was automatically calcu-

lated from measurements of the pulse transit time and the distance

between the 2 recording sites [PWV = distance (m)/transit time

(s)].17–19 Transit time was measured from the foot of the carotid wave-

form to that of the femoral waveform (foot-to-foot method) using

sequential recordings referenced to the ECG. The distance was defined

as (distance from the suprasternal notch to femoral artery) – (distance

from carotid artery to the suprasternal notch), and was measured

directly with a measuring tape.17–19 cfPWV was selected as the primary

outcome because it is a composite indicator of arterial health and has

the potential to capture the effects of physical activity on arterial health,

including both those mediated by traditional cardiometabolic risk factors

and those operating through other pathways.20,21 Height, weight and

waist and hip circumference were measured using standard procedures.

BMI and waist-to-hip ratio were calculated. Peripheral blood pressure

and heart rate were assessed with an automated oscillometric BpTRU

Blood Pressure Monitor (BpTRU Medical Devices Ltd, BC, Canada;

6 automated measures, the first discarded and the average of the final

5 measures separately generated for systolic and diastolic blood pres-

sure values).22 Fasting venous blood samples were drawn in the morning

to measure total cholesterol, high density lipoprotein cholesterol (HDL)

and triglycerides using spectrophotometry. Haemoglobin A1c (in diabetes

patients; henceforth abbreviated as A1c) was measured with a high-

performance liquid chromatography analyser. In participants with type

2 diabetes who were not undergoing insulin therapy, and in all participants

without type 2 diabetes, fasting glucose and insulin values were also

assessed and were used to compute the Homeostatic Model Assessment-

Insulin Resistance value (HOMA-IR).23 Low-density lipoprotein cholesterol

levels (LDL) were calculated using the Friedewald equation.

2.3 | Randomization

Eligible individuals were randomized to either the control arm or the

active trial arm using Dacima Clinical software (ie, individual-level ran-

domization with no stratification; random permuted blocks with

randomly-varied block sizes of 2, 4 and 6).

2.4 | Interventions

Participants were typically seen by their physician in a clinical setting

3 to 4 times over a 12 to 15-month period. The control arm received

advice to engage in 30 to 60 minutes of activity daily, consistent with

usual care. In the active arm, the physician wrote a step count pre-

scription at each visit, as previously described in our protocol.14 At

the first visit, the physician received a package with a pedometer and

step count log for the participant, a package of “step count prescrip-

tion” scripts and the baseline steps/day as assessed during baseline

evaluation. The aim was to achieve a net increase over baseline of

3000 steps/day over 1 year. A step count increment of 2500 to

3000 steps is roughly equivalent to 30 minutes of walking at a mod-

erate pace, as established through direct counts of individuals walking

on a treadmill at a workload of 3 metabolic equivalents (METS)/

minute.24

The speed at which the overall step target was achieved was

determined during discussions between the patient and physician at

the initial and follow-up clinic visits, with some general guidelines

provided. We recommended a slower rate of increase for those with

lower step counts.14 Specifically, the time-frame for an increase of

3000 steps/day was recommended for 10 months for sedentary par-

ticipants (<5000 steps/day), for 7 months for low-active participants

(5000-7499 steps/day) and for 5 months for somewhat active parti-

cipants (7500-9999 steps/day). A SMARTER trial research assistant

reminded physicians when an active trial participant should be seen,

either personally or by telephone or email. The SMARTER interven-

tion did not include specific counseling related to dietary intake and

eating behaviour. However, the treating physician could provide die-

tary counselling similarly in both trial arms according to usual care

practice.

2.5 | Statistical analysis

Means, SD, number and proportions were calculated, as appropriate,

for all variables measured, separately for those in the active and con-

trol arms. We calculated average between-arm differences in “after

minus before values,” with 95% CIs for cfPWV, steps/day, other car-

diometabolic risk factors (systolic and diastolic blood pressure, A1c,

LDL, HDL, total cholesterol, triglycerides, HOMA-IR, BMI, waist cir-

cumference, waist-to-hip ratio) and changes in numbers of antihyper-

tensive, antihyperglycemic and lipid lowering medications.

Differences in mean changes between the active and control arms

were not adjusted; the mean changes for each trial arm were mean

within-individual changes and both arms were similar in terms of

baseline cfPWV, step counts and other cardiometabolic risk factors.

Intent-to-treat analyses with complete cases (ie, outcome assess-

ment) were conducted for all endpoints. Additionally, for changes in

cfPWV and pedometer-assessed step counts, we used multiple impu-

tations with ignorable and non-ignorable mechanisms. We compared

point estimates across these models (intent-to-treat analyses). Impu-

tations were performed using WinBUGS version 1.4.3 and other ana-

lyses were conducted with SAS software (Version 9.3).

In terms of process evaluation and fidelity to trial intervention

strategies, we examined the time interval between baseline and final
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assessments, and the number of clinical visits during the intervention

period. For participants from whom we were able to obtain the final

written prescription and who completed the final evaluation, we cal-

culated the difference between the final step count prescription and

target step counts (ie, baseline steps + 3000 steps/day) and the dif-

ference between the final evaluation of steps/day and the final pre-

scription (mean and SD).

3 | RESULTS

Among the 692 individuals who underwent preliminary assessment

of eligibility by telephone or in clinical waiting areas, 392 were invited

for a baseline assessment and 369 completed this evaluation

(Figure 1). Our original recruitment target was 364 individuals.14

Among those who completed the baseline evaluation, 22 were deter-

mined to have an average step count that was ≥10 000 steps/day

and were excluded. The remaining 347 were randomized. Final

assessments were completed by 275 participants (79%).

Participants averaged 60 years of age (SD 11) and over half were

women (Table 1). Based on physician-reported diagnosis, use of relevant

medications and/or self-report, more than 65% of participants had type

2 diabetes; a similar proportion had dyslipidaemia and close to 90% had

hypertension. Step counts, cfPWV and cardiometabolic risk factors were

very similar between the 2 trial arms (Table 2). Steps/day were in the

sedentary to low range, at under 5000 steps/day, and cfPWV was

high, at close to 10 m/s. BMI averaged in the stage 1 obesity

range. Systolic blood pressure was well-controlled at a mean value

of under 130 mm Hg; LDL-C was below 2.5 mmol/L and A1c was

under 8% in participants with diabetes. HOMA-IR was elevated in

those with type 2 diabetes who were not undergoing insulin ther-

apy at above 4, and in those without type 2 diabetes at roughly 3.

Medication profiles were similar between trial arms (Table S1).

Among the 74 physicians involved in the SMARTER trial,

32 (43%) followed at least 4 participants and 9 physicians (12%) fol-

lowed 9 or more participants. The average time interval (SD) between

baseline and final assessment was 1 year and 2 months for both trial

arms (423 [59] days in the active arm; 426 [70] days in the control

arm). During the trial intervention period, the average number of clin-

ical visits (SD) was 3.5 (0.7) in the active arm and 3.1 (1.0) in the con-

trol arm. Among the 134 active arm participants from whom the final

step count prescription was retrieved and who completed the final

assessment, prescribed step counts at the final clinical visit were

71 steps/day lower (SD 1963) than the 1-year target of baseline

steps/day + 3000 steps/day. The steps/day achieved as per final

assessment was 1712 (SD 2971) lower than prescribed. Among these

participants, 43% had a final prescription that was at or above target

and 26% had a final step count value that was at or above the value

prescribed at the final clinical visit. In complete case analysis, point

estimates suggested a net reduction in cfPWV in the active arm vs

control arm participants (−0.28 m/s; 95% CI, −0.68 to 0.13; Table 3);

this was not conclusive and CIs were wider with imputation

(−0.03 m/s; 95% CI, −0.22 to 0.17 with ignorable mechanisms; −0.01;

95% CI, −0.18 to 0.16 with non-ignorable mechanisms).

In complete case analysis, the difference in changes in step

counts between active and control arm participants was 1190 steps/

day (95% CI, 550-1840; Table 3). This represented a 20% increase in

step counts over baseline values. A net increase was confirmed using

imputation with ignorable mechanisms (619; 95% CrI, 327-911) and

non-ignorable mechanisms (443; 95% CrI, 181-706).

In an analysis evaluating the overall relationship between

changes in step counts and changes in cfPWV for all complete cases,

a 1000 steps/day increase was associated with a −0.068 m/s change

in cfPWV (95% CI, −0.15 to 0.01) in an age- and sex-adjusted model.

Complete case analyses were used for the remaining second-

ary outcomes (Table 3). There were net reductions in both systolic

and diastolic blood pressure in active vs control arms but these

differences were not conclusive (systolic, −2.59 mm Hg; 95% CI,

−5.66 to 0.47; diastolic, −1.21 mm Hg; 95% CI, −3.04 to 0.62).

There were no differences between active and control arms in

terms of change in number of antihypertensive agents (−0.08

agents; 95% CI, −0.31 to 0.15; Table S2). There was no important

difference in BMI change between active and control arms

(−0.15 kg/m2; 95% CI, −0.43 to 0.15) and, similarly, there were no

important between-arm differences in terms of changes in waist

circumference and waist-to-hip ratio. Lipid profiles changes did not

differ between the active and control arms among those who com-

pleted trial procedures (eg, HDL, 0.01; 95% CI, −0.03 to 0.05;

LDL, −0.02; −0.19, 0.15). There were no differences in change in

number of lipid-lowering medications in the active and control

arms (−0.06; 95% CI, −0.22 to 0.09).

There was evidence of an impact on glucose handling. Among

those with type 2 diabetes, there was a reduction in A1c among

those in the active arm compared to the control arm (−0.38%; 95%

CI, −0.69 to −0.06). There were no differences between the active

and control arms in terms of change in number of glucose-lowering

agents (0.15 agents; 95% CI, −0.15 to 0.44; Table S2). Among active

arm participants, none developed new type 2 diabetes and 4 devel-

oped impaired fasting glucose (6.1-6.9 mmol/L). Among control arm

participants, 4 developed type 2 diabetes and 3 developed impaired

fasting glucose. Among those in whom insulin resistance was

assessed (ie, patients with no diabetes or with diabetes but not

undergoing insulin therapy), there was a reduction in insulin resist-

ance in the active arm compared to the control arm (HOMA-IR,

−0.96; 95% CI, −1.72 to −0.21). A1c25 and HOMA-IR26 are independ-

ent predictors of cardiovascular disease.

4 | DISCUSSION

Our physician-delivered step count prescription and monitoring strat-

egy increased daily step counts by approximately 1200 over 1 year.

This represents a 20% increase from the baseline 5000 steps/day.

Physicians prescribed steps slightly below the 1-year target of

3000 steps/day above baseline values. The net change in steps/day

was below the number of steps prescribed, but a net increase was

observed. In terms of biological effects, cfPWV was lowered but this

was not conclusive. There were, however, improvements in both hae-

moglobin A1c (0.38% reduction) and insulin resistance (0.96

698 DASGUPTA ET AL.



reduction in HOMA-IR). Thus, a simple physician-delivered step count

prescription strategy incorporated into routine clinical practice can

augment physical activity and confer some favourable cardiometa-

bolic changes in sedentary overweight adults with type 2 diabetes

and/or hypertension.

Step count monitoring offers a concrete and measurable metric

to facilitate goal-setting for physical activity. Previous

pedometer-based interventions that were evaluated in patients with

type 2 diabetes have been more complex than the SMARTER inter-

vention, involving a facilitator and, frequently, group sessions. Two

FIGURE 1 Participant flow. * angina (1), chronic

obstructive pulmonary disease (6), inflammatory
arthritis (2), cancer (4), renal disease (1), liver disease
(1), depression (1), urinary impairment (2). † PVCs,
irregular sinus rhythm.
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meta-analyses6,27 indicate that such interventions achieve approxi-

mately 2000 steps/day more than the control arms over a 3 to 6-

month period, but there are declines in effect thereafter.7 In a single

study that compared group-based vs physician-delivered pedometer-

based counseling (no written prescription) over 3 months, the group-

based strategy had greater impact.28 The effects of such short-term

interventions, however, are not sustained over time. In contrast, our

intervention, being integrated into clinical practice, can be sustained

beyond a few months and, in fact, led to a between-arm difference at

1 year. Thus, there may be a trade-off between a short, more power-

ful intervention that cannot be continued over time compared to a

strategy with more modest effects but adapted to current models of

care. Highlighting the potential impact of smaller activity increments,

in a large observational cohort study conducted in Taiwan, a 15-

minute increment in physical activity was associated with long-term

reductions in mortality.29

The SMARTER intervention achieved a step count increase but

this was less than the target of 3000 steps/day. The steps prescribed

were close to this target but there remained an important gap

between steps prescribed and steps achieved. To close the gap, there

may be a need for more motivational support, a key need voiced by

patients.30 In future studies, we aim to enhance our intervention by

combining it with such components as telephone-based support from

other health professionals,31 peer support32 and automated messag-

ing.33 Interventions using such strategies have demonstrated promise

in prior studies but have not been combined with a physician-

delivered step-count prescription.

Although our results suggested a reduction in cfPWV, we were

underpowered to discern a conclusive impact. When designing SMAR-

TER, we based our sample size calculations on the single existing physi-

cal activity trial at that time, with cfPWV as the outcome. This previous

trial compared usual care to a 3-month supervised exercise interven-

tion34 among adults with diabetes, hypertension and dyslipidemia. The

reported effect was a roughly 20% between-arm difference in change

in cfPWV (ie, equivalent to 2 m/s from a baseline of approximately

12 m/s); we aimed to detect a 10% difference to be conservative. Since

then, other relevant studies have been conducted and these suggest a

more modest impact of physical activity interventions on cfPWV. For

example, a 2014 meta-analysis35 of supervised exercise interventions

demonstrated a 0.4 m/s reduction in cfPWV in the active arm com-

pared to the control arm. Consistent with this meta-analysis, we

detected a 0.28 m/s reduction in cfPWV in the active arm vs the con-

trol arm in complete case analysis, although our findings were not con-

clusive (95% CI, −0.68 to 0.13). Interestingly, a previous cohort study

that examined the relationship between step counts and cfPWV did not

demonstrate a conclusive inverse linear relationship at baseline, but

such a conclusive relationship did emerge at the 4-year follow-up

visit.36 There was slower progression of cfPWV for those with higher

baseline step counts (ie, increase in cfPWV was 0.1 m/s less per addi-

tional 1000 steps/day at baseline). It is possible, thus, that there is a

cumulative impact of increases in step count, and that it may take more

time for the step count increase we observed to translate into a conclu-

sive cfPWV reduction .

In a meta-analysis of pedometer-based interventions across clini-

cal populations (including 1 type 2 diabetes trial)5 there was a

−3.8 mm Hg (95% CI, −1.7 to −5.9) difference in systolic blood pres-

sure change in active vs control arms. In our trial, similar to cfPWV,

there was a greater reduction in both systolic (−2.59 mm Hg; 95% CI,

−5.66, 0.47) and diastolic (−1.21 mm Hg; 95% CI, −3.04, 0.62) blood

pressure in active vs control arms, although this was not conclusive.

The lack of conclusive effect is probably attributable to well-

controlled blood pressure at baseline (124/76 mm Hg average). Point

estimates for impact on HDL and LDL were in a favourable direction,

but were arguably trivial.

There were conclusive effects on glucose handling. Among

SMARTER trial participants with type 2 diabetes, there was a greater

reduction in A1c in active arm compared to control arm participants

(−0.38%; 95% CI, −0.69 to −0.06). This is close to the A1c reduc-

tion consistently demonstrated in gym-based supervised exercise

intervention studies.37–40 In a previously cited meta-analysis in

pedometer-based interventions in type 2 diabetes,6 no difference in

A1c emerged between intervention arms, but the authors noted that

baseline A1c was well controlled (6.64%-8.0% on average); this may

have limited the ability to detect differences. The baseline A1c in our

SMARTER trial was at the upper limit of this range. There was other

supporting evidence of favourable glucose handling effects in our trial,

TABLE 1 Demographic characteristics, smoking status,

cardiovascular risk factor and disease prevalence, and pregnancy
cardiometabolic complication history

Active
arm N = 174

Control
arm N = 173

Demographic factors

Age, years, mean (SD) 60.0 (11.2) 59.4 (11.4)

Women, no. (%) 99 (56.9) 91 (52.6)

Post secondary education, no.
(%)

117 (70.1) 123 (75.0)

White, no. (%) 110 (63.6) 98 (57.0)

Immigrant, no. (%) 90 (51.7) 96 (55.5)

Married/common-law, no. (%) 115 (74.2) 115 (75.2)

Employed or student, no. (%) 101 (58.7) 98 (58.0)

Menopause (women) 69 (69.7) 70 (76.9)

Smoking history, no. (%)

Current smoker 11 (6.3) 8 (4.7)

Past smoker 62 (35.6) 58 (33.7)

Type 2 diabetes 116 (66.7) 123 (71.1)

Duration, years, mean (SD) 10.5 (7.5) 10.6 (8.3)

Hypertension, no. (%) 161 (92.5) 151 (87.3)

Duration, years, mean (SD) 12.4 (11.4) 12.7 (10.3)

Dyslipidemia, no (%) 116 (66.7) 123 (71.1)

Duration, years, mean (SD) 9.6 (8.8) 9.5 (7.7)

Cardiovascular disease 35 (20.1) 28 (16.3)

Pregnancy-related complication
in women with previous
pregnancy, n = 155

Gestational diabetes 18 (22.8) 19 (28.0)

Hypertensive disorder of
pregnancy

20 (25.3) 13 (19.1)

Type 2 diabetes, hypertension and dyslipidemia diagnoses were based on
participant-reported diagnosis, physician-reported diagnosis and/or use of
corresponding medications. Duration of disease was determined by par-
ticipant report.
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including a conclusive reduction in insulin resistance (between-group

difference in HOMA-IR change, −0.96; 95% CI, −1.72 to −0.21) as well

as the development of type 2 diabetes during the trial in 4 control arm

participants, as compared to none in active arm participants. There

were no between-arm differences in changes in number of anti-

hyperglycaemic medications.

Adults with type 2 diabetes are among the most sedentary1,2 and

thus require tailored strategies to facilitate adherence to physical

activity recommendations. When compared to aerobic exercise inter-

ventions, pedometer-based approaches have been shown to lead to

greater adherence over a 6-month period (92% vs 77%).41 However,

most pedometer studies have been short-term in nature, and have not

assessed longer term changes in physical activity and cardiometabolic

profiles. SMARTER examined a 1-year step count prescription strategy

delivered by physicians during routine clinical visits. Our rationale was

that, although physicians are not typically expert in physical activity

counseling, patients do take doctors’ advice seriously.42,43 Unfortu-

nately, only 10% of physicians prescribe physical activity.44 In the

SMARTER approach, the prescription delivered by physicians is simple

and feasible; it meets the patient’s need for accountability and sup-

port, without requiring additional resources and staffing. Most studies

in physical activity indicate that the greatest benefits are realized by

the least active participants.45 Consistent with this, SMARTER partici-

pants were sedentary to low active at baseline (mean, approximately

5000 steps/day). We demonstrated both an increase in step counts

and improvements in glucose handling.

Our trial had some limitations. The challenges in demonstrating

a conclusive impact on cfPWV were probably related to failing to

achieve the target of a 3000 steps/day increase, well-controlled

baseline blood pressure values and to an underestimation of

required sample size based on data available at the time of the trial

design, as discussed. We would note, however, that there was a

TABLE 2 Baseline step counts, carotid femoral pulse wave velocity and cardiometabolic and anthropometric measures

Mean (SD) Active arm N = 174 Control arm N = 173

Steps/day 4550 (2230) 5000 (2360)

Carotid femoral pulse wave velocity, m/s 9.8 (2.4) 9.8 (2.1)

Systolic/diastolic blood pressure, mm Hg 124 (15.8)/76 (10.7) 124 (13.2)/76 (9.5)

Heart rate, bpm 72 (12.4) 73 (11.9)

Glucose control and insulin resistance

Hemoglobin A1c (all type 2 diabetes), % 7.6 (1.3) 7.7 (1.3)

Fasting glucose, mmol/L

Type 2 diabetes; not on insulin1 8.2 (2.5) 7.4 (1.9)

No type 2 diabetes2 5.6 (0.84) 5.5 (0.95)

Fasting insulin, pmol/L

Type 2 diabetes; not on insulin1 79.0 (44.4) 73.2 (52.0)

No type 2 diabetes2 72.1 (42.3) 66.0 (39.0)

HOMA-IR, mean3 (SD)

Type 2 diabetes; not on insulin1 4.88 (3.43) 4.15 (3.52)

No type 2 diabetes2 3.05 (1.99) 2.78 (1.94)

Lipid profile, mean (SD), mmol/L

Total cholesterol 4.60 (1.37) 4.49 (1.22)

HDL 1.27 (0.34) 1.26 (0.37)

LDL 2.45 (1.0) 2.34 (1.0)

Triglycerides, mmol/L 1.73 (3.01) 1.64 (1.10)

Anthropometric measures

Body mass index, kg/m2 31.7 (4.5) 31.8 (4.5)

Weight, kg 86.7 (15.7) 87.5 (15.5)

Waist circumference, cm 104.2 (10.8) 104.1 (12.2)

Women 102.0 (10.5) 100.7 (10.9)

Men 107.1 (10.6) 107.8 (12.6)

Waist to hip ratio 0.94 (0.07) 0.94 (0.08)

Women 0.91 (0.06) 0.89 (0.07)

Men 0.99 (0.06) 0.99 (0.06)

1 There were 61 diabetes patients in the control arm and 72 in the active arm, in whom fasting insulin, glucose and HOMA-IR were measured/computed.
These were the individuals with type 2 diabetes who were not undergoing insulin therapy.

2 There were 74 individuals without diabetes in the control arm and 74 in the active arm; fasting insulin, glucose and HOMA-IR were measured/com-
puted in these individuals.

3 Mean HOMA-IR was computed among patients not taking exogenous insulin.

Conversion factors: 1 mmol/L glucose = 18.02 mg/dL; 1 pmol/L insulin = 0.14 μIU/mL; 1 mmol/L HDL, LDL, or total cholesterol = 38.6 mg/dL; 1 mmol/
L triglycerides = 88.5 mg/dL.
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conclusive increase in step counts despite failure to reach targets.

This was also confirmed through imputation with ignorable and non-

ignorable mechanisms, an approach more thorough than those in

previous pedometer-based studies. Furthermore, there was a

decrease in both cfPWV and blood pressure values, although these

were not conclusive. There was an impact on glucose handling,

proven through subgroup analyses; this was consistent in both

those with type 2 diabetes (ie, reduction in A1c) and those not

undergoing insulin therapy (ie, reduction in HOMA-IR). There were

some baseline differences between trial arms. However, baseline

steps/day, cfPWV and cardiometabolic profiles were similar

between arms. As in any trial, there was some attrition, but nearly

80% of participants completed the final assessment and drop-out

rates were similar between arms.

In conclusion, a simple physician-delivered step count prescrip-

tion strategy incorporated into routine clinical practice led to a net

increase of 20% in step counts; however, this was below the targeted

increment of 3000 steps/day. While conclusive effects on cfPWV

were not observed, there were conclusive improvements in both A1c

and insulin sensitivity. Future studies will evaluate an amplified inter-

vention to further increase step counts, to achieve greater impact on

cardiovascular health.
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L triglycerides = 88.5 mg/dL.
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