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Abstract
Background: To assess the efficacy of health coaching (HC)

delivered through videoconferencing (VC) to favorably change

physical activity (PA), weight, and metabolic markers in adults

with high body mass index (BMI).

Materials and Methods: Thirty adults (BMI ‡30 kg/m2) were

randomly assigned to one of three groups: VC, in-person (IP),

or control group (CG). Participants received wireless watches

and weight scales to sync with their personal smartphones;

recorded data were wirelessly uploaded to a secure database.

Participants assigned to VC and IP received individualized

HC by a multidisciplinary team (registered dietitian, exercise

physiologist, and medical doctor) based on data uploaded over

the 12-week intervention. Steps/day and weight loss were an-

alyzed through analyses of covariance.

Results: Within- and between-group changes in weight (kg),

glucose, insulin, hemoglobin A1c (HbA1c), and Homeostasis

Model Assessment estimate of insulin resistance (AU2 HOMA-IR)

were analyzed through analyses of variance. Weight loss was

greater (p < 0.05) for VC (8.23 – 4.5 kg; 7.7%) than IP (3.2–
2.6 kg; 3.4%) and CG (2.9– 3.9 kg; 3.3%), respectively. Steps/

day were significantly higher in VC than IP at week 4 and VC

was significantly higher than the CG at weeks 6, 8, 9, and

11 (p £ 0.05). No within- or between-group differences were

found for glucose, insulin, or HbA1C. HOMA-IR decreased for

VC only (p £ 0.05).

Conclusions: Our innovative, multidisciplinary, telemedicine

HC delivered through VC led to more favorable changes in

weight loss, PA (steps/day), and HOMA-IR than IP or no HC.

VC may be an economical approach to improve health and

promote behavior change in obese adults. Clinical Trial Re-

gistration Number: ClinicalTrials.gov identifier NCT03278951.

Keywords: m-Health, telehealth, telemedicine, home health

monitoring

Introduction

O
besity is a global public health issue. Currently,

66% of adults in the United States are overweight

(‡25 kg/m2) or obese (‡30 kg/m2) by body mass

index (BMI).1,2 Body composition characterized

by high fat mass increases the risk of type II diabetes mellitus

(T2DM), hypertension, stroke, and cancer.2 The 2009 economic

burden of obesity was $147 billion for the United States.3

Lifestyle changes, including diet and exercise, can help reduce

obesity and associated healthcare costs.4,5

Current evidence suggests that health coaching (HC) sessions

for lifestyle modification improve program compliance, weight

loss, and chronic disease-related health outcomes.6–9 HC has

been performed by: nurses,6,10 health counselors,4,11 diabetes

educators,12 and primary care providers.12–14 Most HC inter-

ventions have been group based and delivered by healthcare

professionals through telephone,4,10,11 Web-based chatting,6,12

or in-person (IP), and Web-based features.13,14 Despite the

potentially positive impact of group-based HC by videocon-

ferencing (VC) on weight loss and metabolic health,15–18 use

of individualized VC session interventions is scarce.19 Evi-

dence suggests that multidisciplinary teams of healthcare

professionals may enhance program adherence and medical

monitoring; however, traveling to receive care is often a

barrier.5,19,20

This study was designed to determine the impacts of di-

dactically similar HC interventions delivered by VC or IP visits
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on body weight, blood glucose, hemoglobin A1c (HbA1c), and

Homeostasis Model Assessment estimate of insulin resistance

(HOMA-IR) in adults with BMI ‡30 kg/m2.

Materials and Methods
SUBJECT POPULATION

Thirty adults (BMI ‡30 kg/m2;T1 Table 1) participated in this

study, which was approved by the University of New Mexico

(UNM) Institutional Review Board.

Inclusion criteria required that participants were English

speaking, nondiabetic, ambulatory, <396 pounds in weight,

leading a sedentary lifestyle (<7,000 steps/day)21 as confirmed

by the run-in period, not regularly engaging in moderate-

intensity activities, owners of an iPhone or Android smartphone,

and able to travel for scheduled appointments. Individuals

were excluded if they used medications or dietary supple-

ments that could affect body composition; had T2DM; lost

>3 kg body weight or dramatically changed physical activity

(PA) patterns within the past 6 months; have or had cancer,

eating disorders, uncontrolled blood pressure, or neurological

or psychological disorders; or had undergone obesity-related

surgery (i.e., gastric bypass, etc.). This 12-week intervention

utilized a randomized, repeated measures, quasi-experimental

design.

BASELINE AND POSTINTERVENTION SESSIONS
Following phone screening, eligible participants were

scheduled for an individualized orientation and baseline

visit. Baseline and post-testing sessions took place at UNM’s

Exercise Physiology Lab (Lab). At the Lab, participants were

consented and completed a health history questionnaire and

the International Physical Activity Questionnaire (IPAQ) short

version.22 Barefoot standing height (cm) was measured using

a wall-mounted stadiometer (SECA�, Chino, CA), while nude

weight (kg) was measured on a calibrated digital scale (Med-

Weigh� MS-3900; Itin Scale Company, Brooklyn, NY) and

reported to a research team member. AU3Height and weight were

measured in duplicate; the average and used to calculate BMI.

Similar procedures were performed at postintervention follow-

up visits.

During the baseline orientation, participants were issued

and familiarized with the Withings� Body Analyzer weight

Table 1. Subject Characteristics

CONTROL GROUP
(N = 10), MEAN – SD

IN-PERSON GROUP
(N = 10), MEAN – SD

VIDEOCONFERENCING GROUP
(N = 10), MEAN – SD

VARIABLES BASELINE 12 WEEKS BASELINE 12 WEEKS BASELINE 12 WEEKS

Age (years) 44.5 – 12.1 — 42.2 – 10.2 — 43.0 – 10.7 —

Body weight (kg) 95.9 – 16.4 92.9 – 18.3 101.5 – 21.5 98.2 – 22.7 112.8 – 25.8 104.7 – 27.1

Weight loss (kg) — 2.9 – 3.9 — 3.2 – 4.5 — 8.23 – 4.5a

Weight loss (%) — 3.3 – 4.2 — 3.4 – 2.6 — 7.7 – 4.9

No. of subjects that met 5% of WL, n — 3 — 1 — 6

No. of subjects that met 3% of WL, n — 5 — 6 — 9

Height (cm) 167.9 – 8.2 — 168.5 – 9.4 — 171.5 – 9.8 —

BMI (kg/m2) 34.5 – 5.3 33.2 – 6.2 35.3 – 5.2 34.4 – 5.3 38.6 – 9.8 35.8 – 10.1

Glucose (ng/mL) 5.4 – 0.43 5.5 – 0.4 5.2 – 0.9 5.5 – 1.2 5.4 – 0.37 5.1 – 0.40

HOMA-IR 2.0 – 1.7 1.8 – 2.1 2.1 – 1.5 2.0 – .72 3.2 – 3.1 1.5 – 0.9b

HbA1c (%) 5.6 – 0.20 5.5 – 0.16 5.7 – 1.4 5.8 – 0.96 5.6 – 0.20 5.5 – 0.21

Insulin (mg/dL) 8.4 – 7.2 7.1 – 7.5 7.5 – 3.3 8.1 – 1.7 13.3 – 12.5 6.8 – 4.7

Steps/day 4,324.3 – 2,000.7 5,002.4 – 2,640.3 3,641.7 – 1,167 6,236.2 – 2,393.4 3,755.1 – 1,610.2 7,054.6 – 2,068.7a

aIndicates a significant difference from IP and CG ( p £ 0.05).
bIndicates a within-group significant difference for the VC group ( p £ 0.05).

BMI, body mass index; CG, control group; HbA1c, hemoglobin A1c; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IP, in-person; n, sample that obtained

respective percent weight loss; SD, standard deviation; VC, videoconferencing; WL, weight loss.
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scale and the Withings Activite Steel step-tracking acceler-

ometer watch (Withings, Inc., Cambridge, MA). The Withings

app housed the step and weight data from the accelerometer

and scale integrated wirelessly to each participant’s smart-

phone. The Healow app (eClinicalWorks�; eCW, Westbor-

ough, MA) transferred data wirelessly from the Withings app

dashboard to a secure electronic medical records (EMR) online

database (eClinicalWorks). This EMR was only accessible by

the research team and participants (F1 Fig. 1). All participants

had 24 h/7 day access to eClinicalWorks technical support and

research team. Each participant had a unique username and

password for the Healow app, which each participant created

during the orientation session.AU4 eClinicalWorks developed a

comprehensive information security policy for the Healow

app that was based on the Health Insurance Portability and

Accountability Act (HIPAA) Security and Privacy Rules and

supported required as dictated by the HITECH Act.

All participants were instructed to enter daily food and

beverage intake into MyFitnessPal. The prescribed daily ca-

loric target followed American Heart Association (AHA) die-

tary recommendations23 for the VC and IP groups.

VC participants were familiarized with the VC aspects of the

Healow app. VC and IP participants were familiarized with

online curriculum manuals created by a team of health pro-

fessionals at inHealth Medical Services, Inc., as previously

described.19

RUN-IN PERIOD
During the 1-week run-in period, participants were in-

structed to wear the accelerometer watch on their nondomi-

nant wrist for at least 24 h/day while awake24 and to weigh

nude on the Withings scale at least once/week after overnight

fasting and voiding. After the run-in-period, participants were

randomized to VC, IP or control group (CG) by the Web site

www.randomlists.com/team-generator

EXPERIMENTAL PROCEDURES
Following standardized procedures similar to a commer-

cially available weight loss program from inHealth Medical

Services, Inc., every week, participants weighed themselves in

the morning after voiding. Body weight from the Withings

scale was uploaded weekly; accelerometer step counts were

uploaded daily. AU5Data were transmitted wirelessly through

participants’ own and transferred data wirelessly from the

Withings app dashboard to the EMR online database (eClini-

calWorks), which was only accessible by the research team

and participants; participants could see their real-time data

through the Withings app and Healow app.

Fig. 1. Mobile health device and telemedicine database framework.

TELEMEDICINE HEALTH COACHING ON WEIGHT LOSS
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For preintervention and postintervention assessments, par-

ticipants reported to the Lab in the morning after a 12-h fast

with water ad libitum. Venous samples were acquired from a

prominent antecubital vein for serum (glucose and insulin) and

whole blood (HbA1c) and sent to (Quest� Laboratory, Albu-

querque, NM) for processing. A HOMA-IR value was calculated

as follows: HOMA-IR = fasting insulin · fasting glucose/22.5.25

INTERVENTION
Following the run-in, participants were instructed to con-

tinue m-health device data uploads.

Participants in CG received m-health devices, no HC sessions,

or team member feedback on steps per day from the Withings

watch or calories entered into MyFitnessPal. Throughout the

intervention, those assigned to the VC and IP groups received

didactically similar HC educational materials19 and feedback

delivered by the same registered dietitian and exercise physi-

ologist in accordance with group assignment. During the die-

titian sessions, daily and weekly caloric intakes retrieved from

the MyFitnessPal app were reviewed, discussed, and adjust-

ments made as needed. During the HC sessions with the ex-

ercise physiologist, discussions included current exercise

routine, goal setting, and PA progression (i.e., more steps/

day, more minutes/day). The project’s medical doctor oversaw

all dietary and exercise recommendations. PA recommen-

dations followed the American College of Sports Medicine

guidelines of ‡30 min of moderate-to-vigorous-intensity PA

5 days per week for a targeted minimum of 150 min/week.26

STATISTICAL ANALYSES
Separate within- and between-group one-way analyses

of variance (ANOVAs) for baseline body weight, steps per

day, fasting blood glucose, insulin, HbA1c, and HOMA-IR

were applied. Separate mixed-model group · time (pre-post)

analyses of covariance were conducted for steps/day and

body weight. Covariates were average run-in steps/day

and baseline body weight (kg). Group-specific steps/day

were summed and averaged by week to identify pre-post

between-group differences by one-way ANOVAs. Separate

one-way between-group ANOVAs were applied to identify

postintervention differences of HbA1c, glucose, insulin, and

HOMA-IR. Post hoc analyses using Bonferroni corrections

for multiple comparisons were performed when significant

main effects or differences were found. Graph time points

(weeks) were calculated as adjusted least mean square (LMS)

and standard error (SE) to examine the treatment effect on

body weight loss and steps/day over time. All data were

analyzed using R.27 Statistical significance was defined as

p £ 0.05.

Results
Ten participants were randomized into each of the VC, IP,

and CG groups, with no participant attrition. Baseline and post-

testing values are shown in Table 1. No significant baseline

differences were found between groups for steps/day, body

weight, blood glucose, HbA1c, insulin, or HOMA-IR ( p > 0.05).

There was no main effect of time for steps/day [F(11, 394.28) =
1.36; p = 0.18]. There was a main effect by group for VC

[F(2, 30.1) = 3.75; p = 0.03] with steps/day (averaged by week)

increasing from baseline to week 12 (Table 1). There was a

significant interaction by time and group for steps/day with

VC being higher than IP by 1,063 steps/day at week 4, and VC

being higher than CG at week 6 by 2,107 steps/day, week 8

by 1,883 steps/day, week 9 by 2,318 steps/day, and week 11 by

1,961 steps/day [F(22, 394.22) = 1.62; p = 0.03] ( F2Fig. 2; data

presented as LMS – SE).

For body weight loss, there was a main effect by time

[F(11, 297.1), = 20.4 p = 0.001] and by group for VC

[F(2, 33.3) = 7.71; p = 0.01]. AU6There was a significant time and

group interaction for weight loss for VC compared to IP and

CG for (weeks 6–12; [F(22, 297.1) = 1.88; p = 0.01]) ( F3Fig. 3; data

presented as LMS – SE). There was a significant ( p < 0.001)

difference for postinvention weight loss between VC (8.23 kg)

compared to IP (3.2 kg) and CG (2.9 kg) (Table 1).

There were no within- or between-group differences for

blood glucose, insulin, or HbA1c, nor any group by time

Fig. 2. Comparison of daily step average per day by group (n = 10
for each group). *Significant difference between VC and IP groups;
+significant difference between VC and control group; p < 0.05.
Each time point (weeks) is presented as adjusted LMS and SE. IP,
in-person; LMS, least mean square; SE, standard error; VC, vid-
eoconferencing.
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interactions for HbA1c. The 1.7 U decrease in VC’s HOMA-IR

by week 12 was significant ( p = 0.05).

Discussion
Our multidisciplinary team delivery of one-on-one HC

through VC was more effective than IP delivery for increasing

body weight loss and PA. Since our VC and IP groups received

didactically similar HC interventions and CG received none

from the team, we hypothesized that the VC and IP groups

would see similar changes over time for body weight loss, PA,

fasting blood glucose, HbA1c, and HOMA-IR and that CG

results would differ significantly from those of the interven-

tion groups. However, we only found significantly greater

improvements for VC in body weight lost, steps/day, and

HOMA-IR compared to IP and CG. No other between-group

differences were found.

STEPS/DAY
Baseline step counts for all groups were below 7,000 per

day, defining participants as sedentary.21 The VC group av-

eraged significantly higher steps/day over the time course of

the study. This is somewhat similar to Vadheim et al.’s27

findings of nonsignificant differences between their VC and

onsite HC groups for self-reported PA (min/week) following a

16-week body weight loss program. Unlike the subjective self-

reporting of PA by Vadheim’s participants, ours recorded

steps/day through accelerometry.

VC had significantly higher steps/day than CG at weeks 6, 8,

9, and 12 (Fig. 3). VC also had higher attendance at HC ses-

sions than CG. This supports previous comments4,12,28 about a

direct relationship between increasing efficacy in PA inter-

ventions and frequency of contact with health coaches.

However, time spent traveling to scheduled appointments may

have competed with the available time IP participants had for

exercising.

BODY WEIGHT LOSS
The VC group achieved a significantly greater weight loss

from baseline to postintervention than the other groups (Ta-

ble 1). AU7Azar et al.15 investigated the efficacy of VC for a diabetes

prevention program (DPP) with a weight loss focus. Like this

study, they reported significant weight loss differences between

their VC (3.6 kg) and control (0.4 kg) groups.17 A 12-week

group-based VC pilot study19 for men with BMIs >28 kg/m2

emulated the LEARN� behavioral program with a dietitian

and certified athletic trainer leading weekly nutrition and

behavioral exercise sessions, respectively; all sessions were

delivered by VC. Weight loss was significantly greater com-

pared to the controls. Our results are also consistent with

AU8Alencar et al.19 who performed 12 weeks of VC HC weekly with

a registered dietitian, and monthly HC with a medical doctor;

they reported significant differences for body weight loss of

(7.34 – 5.2 kg) for VC and (1.2 – 3.9 kg) for CG, respectively.

In contrast, our results differ from those of Vadheim et al.27

who found that DPP participants assigned to IP (n = 13) and

VC (n = 14) achieved similar weight losses (6.5 – 3.1 and

6.7 – 3.1 kg, respectively). We unexpectedly found significant

differences between our IP and VC groups. Absences from IP

HC sessions may be one reason for the weight loss differences

between our groups. Our VC members had perfect attendance

for all HC sessions; those in our IP group attended, on average,

80% of the sessions. Average HC attendance of both groups

was 77.5% in the Vadheim study.27 IP group-based programs

are considered a gold standard in behavioral treatment of

individuals with BMIs ‡30 kg/m2; however, attendance at IP

counseling group sessions is known to drop over time.10,15 As

previously mentioned, inconsistent attendance at IP meetings

may induce lapses toward goals. Attendance drops may be due

to challenges in scheduling and travel, and future research is

needed to address these challenges.

A possible explanation for the similar amount of weight lost

for the IP and CG groups may be attributed to the proprietary

feedback (notifications) from the MyFitnessPal application.

While this is plausible, a deeper investigation of CG data in-

dicated 4 of the group’s 10 participants failed to upload their

weight data for 10 of the 12 weeks. This deviation from in-

structions given at baseline precluded the majority of CG

benefiting from the automated feedback about weight change

Fig. 3. Comparison of weekly body weight in kg by group (n = 10 for
each group). *Significant difference between VC and IP group;
+significant difference between VC and control group; p < 0.05.
Each time point (weeks) is presented as adjusted LMS and SE.
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from the previous weigh-in, macronutrient content of self-

reported food intake, and a caloric restriction target. Even

though we found no statistically significant changes between

IP and CG for weight loss, it is important to mention that the

positive outcome in weight loss for CG may be attributed to

the double-digit weight loss (in kg) of three participants in

that group.

GLYCEMIC CONTROL
We found no between-group differences for blood insulin,

glucose, HbA1c, and HOMA-IR resulting from our 12-week

intervention. There was, however, a significant decrease

(1.7 U) for HOMA-IR in our VC group. Our glycemic control

results are similar to those of Laitinen et al.16 who recruited

diabetics with BMIs ‡30 kg/m2 for a group-based nutritional

counseling intervention. They found significant fasting blood

glucose differences between their VC and IP groups. Con-

versely, Luley et al.18 randomly assigned participants (BMI

‡30 kg/m2) into a telemedicine (wireless scales+accelerome-

ters) or a control (no wireless devices) group. Fasting blood

glucose and HbA1c decreased significantly in the tele-

medicine group, whereas neither of our intervention groups

significantly decreased these variables. Of importance, al-

though, are the participant medical history differences (dia-

betic status) and study duration (3 vs. 6 months); we recruited

nondiabetic adults for a 3-month intervention.

A 3-month intervention appears too short for documenting

pre-to-post intervention changes in HbA1c. Possible expla-

nations for our participants showing no significant changes in

glucose- and insulin-related variables might include insuffi-

cient weekly step count goals that complemented our ag-

gressive dietary restrictions. As per the Look AHEAD study,29

intensive dietary and exercise alterations are needed to trigger

significant changes in HbA1c in diabetics. Since none of our

participants were diabetic at baseline, an even more aggres-

sive exercise program may have been needed to invoke

change. We did not observe any differences between groups

for glycemic control, although weight loss ‡5% of body

weight is known to reduce insulin levels and improve gly-

cemic control.30 However, the significant improvement in

HOMA-IR within our VC group (7.7% body weight loss) sug-

gests that our intervention resulted in improved insulin sen-

sitivity. Even though our between-group changes in insulin

and glucose were not statistically significant, the within-

group decrease in HOMA-IR for VC may reduce the likelihood

that these nondiabetic individuals will develop diabetes.30,31

Furthermore, the slight decreases in HOMA-IR for IP and CG

may be clinically significant with longer study durations.

LIMITATIONS
The short length of this study may have precluded attain-

ment of significant diet- and exercise-induced changes for all

variables of interest. Nonetheless, we report that individual

sessions of HC delivered IP or through videoconference can

unequivocally contribute to significant weight loss. We found

no peer-reviewed literature validating the Withings acceler-

ometer against a criterion method; therefore, we assumed there

was similar step tracking capabilities across the three groups.

We also did not have access to raw accelerometry data to de-

termine our participants’ frequency, intensity, and duration of

activity bouts. Consequently, we were unable to objectively

confirm if activity bouts were periodically in the moderate-to-

vigorous-intensity ranges. Knowing the frequency, intensity,

and duration of activity bouts would have allowed for a more

specific recommendation regarding daily step goals.

The same multidisciplinary team members delivered HC to

the intervention groups. Baseline and postintervention assess-

ments were conducted by the same research team member.

Consequently, there was no blinding of team members to group

assignment or during statistical analyses, although IP and VC

interventions were didactically similar. Individual participant

motivation to change, or lack thereof, may have contributed to

differences in weight loss and related outcomes, but was not

measured. Using the Transtheoretical Model Stages of Change

questionnaire (Jossey-Bass, Inc., Hoboken, NJ) at baseline and

follow-up to identify participant readiness for change would

enrich the understanding of our HC efficacy.16,32,33 Last, al-

though fully powered, our sample size was small, limiting the

extent of additional analyses. Therefore, our outcomes can be

generalized only to adults who are 35–45 years of age, non-

diabetic, and have baseline BMIs ‡30kg/m2.

STRENGTHS
To our knowledge, this is the first study to employ a mul-

tidisciplinary team approach to individualized HC by VC

versus IP. In addition, the data transmitted from our m-health

devices (steps/day and nude weight/week) provided objec-

tive measures instead of the subjective self-report data cap-

tured in previous group-based VC interventions.18–20 The

remote tracking of body weight and PA by intervention group

members and research team personnel likely motivated par-

ticipants and provided health coaches with up-to-date data

critical for individualizing conferencing sessions.

SUGGESTIONS FOR FUTURE RESEARCH

Future studies evaluating the cost-effectiveness of a tele-

medicine intervention like ours would be beneficial. Additional

JOHNSON ET AL.
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comparisons (i.e., group vs. individualized; diabetic vs. non-

diabetic) of our VC HC approach to investigate the impact on

weight loss and other health outcomes (e.g., lipid profile,

glycemic control, and inflammatory markers) are also war-

ranted. Periodic postintervention follow-ups (i.e., at 6 weeks,

6 months, and 1 year postintervention) may provide insights

into factors contributing to long-term health behavior chan-

ges. Measuring participants’ motivation to change behavior

before HC interventions could provide insight into further

tailoring HC to each individual.

Conclusions
Our innovative, multidisciplinary, telemedicine HC deliv-

ered through VC led to favorable changes in weight loss, PA,

and HOMA-IR that surpassed changes when HC was delivered

in person.
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