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Abstract

This study investigates the effect of utilizing a personalized resting metabolic rate (RMR) mobile 

tracker based on indirect calorimetry during a 6-month pilot weight loss intervention. Volunteer subjects 

were randomized to an intervention group participating in a weight loss program utilizing the mobile 

tracker (IG; N=19) or a control group (CG: N=20) who participated in the same weight loss program, but 

without the RMR mobile tracker. All subjects were overweight or obese with either type 2 diabetes mellitus 

(T2DM) or high risk for T2DM. The subjects measured their body weight, physical activity, and caloric 

intake for 6 months attempting to meet a specifi c caloric intake goal. The total energy expenditure (TEE) 

of the subjects was defi ned as follows: For the CG, TEE was calculated based on daily physical activity, 

and resting energy expenditure estimated by the Harris-Benedict predictive equation. For the IG, TEE was 

calculated based on daily physical activity and measuring weekly resting energy expenditure with the 

mobile indirect calorimeter. The calorie intake goal for each subject was defi ned as a defi cit of 500 kCal/

day with respect to their TEE. Adherence to the recommended calorie intake goal during the 6-month 

period was evaluated via the entries in a calorie intake counter application. In addition, changes in weight, 

body composition, and blood metabolic profi le after 6 months was compared to baseline measurements. 

The results indicated that the use of the mobile indirect calorimeter in the IG had positive effects on weight 

loss rate (89% in the IG vs. 50% in the CG, p = 0.05), and a 70% higher adherence to calorie tracking than the 

CG (p = 0.03). Furthermore, the IG showed statistically signifi cant reduction vs. the CG in weight (p=0.03), 

body mass index (p = 0.03) and percent of weight loss (p=0.01), and an increase in HDL cholesterol vs. 

CG (p = 0.04).
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Introduction

In the “clinical world” doctors, nurses, and other health 

professionals are devoted to enhancing patient health 

conditions and managing their disease states with existing 

resources within the medical practice or group. At the same 

time, outside the medical community and in the “real” world, 

there exists a plethora of wireless health monitoring devices 

and fi tness trackers that people can use to collect a wealth 

of data including personal health (e.g. blood sugar and blood 

pressure), environment exposure (dietary intake, temperature, 

altitude), and behavioral (physical and sedentary activities) 

conditions [1,2]. Connecting data from free-living people in the 

“real world” to data analysis in the “clinical world” continues 

to be challenging since there is a requirement for systematic 

and calibrated data collection, as well as willing and reliable 

participation from the user. Nevertheless, the advances of 

personalized technologies with more user-friendly devices, 

interfaces, and other technologies have demonstrated some 

success [1-3]. User interest in technology and/or personal 

health can provide the motivation to collect data, which 

ultimately brings knowledge of personal health, and education 

for reinforcement of positive behavioral changes [3].

Obesity and the effects of being overweight are a signifi cant 

focus in the area of personal health and behavior [4]. The 

success rate of people experiencing weight loss and weight 

maintenance is low, while the confusion surrounding therapies 

that emphasize macronutrient content of diets [5] as opposed 

to energy balance, resting energy expenditure (known as 

resting metabolic rate; RMR) and calorie defi cit to promote fat 

loss is widely prevalent [5-7].

The present work investigates the effect of a RMR mobile 

tracker used by individuals who participated in a weight loss pilot 

study for 6 months.  The study was evaluated for quantifi ably 

measured pre- and post-study changes in physical, metabolic 

and behavioral metrics. The results of the study revealed the 

potential benefi ts of using mobile technologies, and portable 

indirect calorimetry as a metric for resting energy expenditure, 

and caloric intake needs.

Material and Methods

Subjects

Forty adult subjects, 9 males and 31 females, were recruited 
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from the diabetes clinics and using local print advertisement to 

the University of Arizona Collaboratory for Metabolic Disease, 

Prevention and Treatment. All the subjects had T2DM or were at 

high risk of developing diabetes (see details below). The study 

was approved by the Institutional Review Board of Arizona 

State University (IRB protocol #1012005855), and was carried 

out between March 2014 and August 2015. All subjects provided 

written informed consent prior to participation. Initially, 20 

subjects were randomly assigned to a control group (CG) and 

intervention group (IG), respectively (Figure 1). However, one 

subject from the IG withdrew from the study. The CG consisted 

of 14 females and 6 males, while the IG had 16 females and 

3 males. The average ages and the corresponding standard 

deviation of the subjects were 54 (7) in the CG, and 56 (13) in 

the IG.

Study design

All participants were enrolled for a 6 month clinically 

monitored weight loss program [8]. After consent participants 

met the research team at the initiation of the weight loss 

program (Day 1), and at 1, 3 to 5 and 6 months (Figure 1). 

Physical, metabolic and blood measurements were performed 

on Day 1 and at 6 months. Through the study, participants 

electronically recorded weight, caloric intake, and activity on 

an iPadTM loaded with MyFitnessPalTM and StriivTM applications 

(apps). MyFitnessPalTM app, primarily a food calorie tracker, 

was linked to StriivTM, an app that collects step counts and other 

subject activity. The study participants utilized the group share 

feature of MyFitnessPalTM to communicate with study peers 

and researchers. In addition, participants were encouraged to 

communicate with a study investigator via e-mail during the 

entirety of the study to resolve technical questions about the 

apps and data collection.

On Day 1 (see below), the participants were trained in the 

use of the iPad, and apps. Total energy expenditure (TEE) of 

each participant was assessed in order to provide the initial 

caloric intake goal. The criteria to defi ne calorie intake goal was 

as follows:

Control group (CG): Total energy expenditure (TEE) 

was estimated from resting energy expenditure (REE), and 

the assessment of the lifestyle with: TEE = REE *(lifestyle 

coeffi cient). For all participants, lifestyle was determined to be 

sedentary, and therefore, a lifestyle coeffi cient equal to 1.274 

for males, and to 1.179 for females was utilized [9]. For REE, the 

value was determined based on the Harris-Benedict equation 

[10] using weight, height, gender and age of the participant. 

After assessing the TEE, the calorie intake goal was set with a 

500 kcal/day defi cit. 

Intervention group (IG): TEE was estimated from measured 

REE and the assessment of lifestyle. Similar to the control group, 

the lifestyle of all participants was determined to be sedentary, 

and therefore, the above-mentioned coeffi cients were used in 

the equation. The main difference between the IG and the CG 

was the manner in which the calorie intake goal was provided. 

Participants of the IG were given a mobile indirect calorimeter, 

Breezing® tracker (www.breezing.com), so that they could self-

assess their REE values at home. With the instruction to take 

one measurement per week (Figure 1), the IG participants were 

provided with an automatically adjusted daily recommended 

calorie intake through the app. The participants measured their 

REE in general at home on a Saturday morning, meeting the 

REE measurement conditions, which are specifi ed below. After 

assessing the REE and corresponding TEE, the calorie intake 

goal was set with a 500 kcal/day defi cit. 

Assessment methods at the beginning and at the end of 
6-month study 

All subjects of the study were measured for weight, fat 

percentage, blood pressure, blood metabolic panel, and REE on 

Day 1 of the study and after 6 months. All measurements were 

performed in the morning between 8:00 am and 11:00 am after 

overnight fasting, abstaining at least 12-hours from strenuous 

exercise, and no-caffeine ingestion.

Weight and fat percentage: A bioelectrical impedance-

based body composition analyzer SC-240 from Tanita Co. 

(http://www.tanita.com) was used to measure weight and 

body fat percentage. In addition, height and body mass index 

(BMI = ratio of weight-to-height squared (Kg/(meters)2)) were 

assessed for each subject. 

Blood Pressure: A medical grade blood pressure meter was 

used to assess the blood pressure of the subjects after resting 

for at least 10 minutes.

Blood metabolic panel: Blood samples were drawn from the 

vein, immediately processed for plasma and serum extraction, 

and then submitted for analysis to Quest Diagnostics (Quest 

Diagnostics.com).

Resting Energy Expenditure: REE was assessed by the 

indirect calorimetry method using a mobile metabolic rate 

tracker called “Breezing” from Breezing Co., AZ (www.

breezing.com). The sensing principle of the indirect calorimeter 

used for REE was validated against the Douglas Bag method 

[11]. Resting condition of the subjects for assessment of REE 

included the above-mentioned conditions, and a resting sitting 

position of 20 minutes before the measurement [12]. After 

the subjects rested, they were instructed to relax and breathe 

normally during the measurement. 

Figure 1: Study design. Six-month study timeline with details of physical and 

physiological measurements assessed at the beginning and at the end of the 

study, as well as the tracking and supportive strategy used during the study. While 

the iPad provided weight, diet, and activity tracking to all participants, resting 

energy expenditure tracking was exclusively performed in the Intervention Group.
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Assessment methods during 6-month study 

The assessment methods used during the 6-month study 

were as follows:

A- MyFitnessPalTM app measurements: MyFitnessPalTM app 

was used for tracking calorie intake. Subjects of both 

groups (CG and IG) set the recommended calorie intake 

goal as the nutrition goal of the app. The app helped the 

subjects assess the daily calorie intake, and account for 

the remaining allowed intake for the day after entering 

the calories for each meal (breakfast, lunch, snacks, 

and dinner). In addition, the app accounted for calories 

recorded for activity energy expenditure (see below) to 

further adjust remaining caloric intake. It is important 

to mention that no special diet was prescribed. The app 

was used as an educational tool to learn about food 

calorie content and how to replace items in the diet for 

foods with a lower calorie density. In addition, each 

participant manually entered body weight in the app 

from a standardized fl oor scale. At the end of the study, 

all app results were exported using a Google Chrome 

extension: FoodFastFit.

B- Step counter: Step counting measurements were 

performed using a commercial counter, StriivTM Play. 

The step counter app estimated energy expenditure 

due to activity. As mentioned before, the step counter 

and activity expenditure records were forwarded from 

StriivTM to MyFitnessPalTM, where it was integrated into 

the food diary. 

C- REE measurements: As explained before, subjects from 

IG were provided with a mobile indirect calorimeter, 

Breezing®, which tracks metabolic rate. Therefore, 

REE measurements were performed by the IG subjects, 

using the tracker and the Breezing app under resting 

conditions that were identical to the conditions applied 

to all subjects on Day 1 and the last day of the study 

(see above). The app provided the calorie intake goal to 

the users after each measurement. All measurement, 

and goal/target information was exported from the app 

via e-mail in a CSV fi le format, and e-mailed to study 

investigators at the given measurement point in time.

Data and statistical analysis 

Averaged data pre- and post-study were collected as mean 

± standard deviation (SD) or mean ± standard error of the 

mean (SEM), and changes in the parameters were evaluated 

using paired t-tests [13]. Statistically signifi cant differences 

were assessed to compare the study effect between CG and IG, 

and were defi ned statistically signifi cant at p ≤ 0.05.

Results

Subject characteristics

Subjects were randomized to the CG and IG groups for 6 

months. At the onset of the study there were no statistically 

signifi cant differences (p>0.05) between the groups for age, 

weight, height, waist to hip ratio, % body fat or blood pressure 

(Table 1). Likewise, no signifi cant differences between groups 

were evident for REE, fasting glucose, HbA1c or lipids (Table 

1). There was also no difference between the groups for the 

“undiagnosed diabetes high risk percentage” (UHRP) a 

measure of the percentage of subjects in a given group that 

were diagnosed with diabetes or pre-diabetes who did not 

know they were at risk for the condition using the American 

Diabetes Association diagnosis criteria (5.7% < HbA1c < 6.5%, 

and fasting blood glucose > 100 mg/dL) [14]. 

Changes after 6 months 

Six months after group assignment, IG and CG were re-

evaluated. At this time the IG experienced a signifi cantly 

(p<0.05) greater decrease in weight (-5.2+ 1.2 kg) and BMI 

(-1.9+0.4 kg/m2) compared to the CG (-1.2+1.4 kg and -0.5+0.4 

kg/m2), respectively. The distribution of individual weight 

changes is displayed in fi gure 2, while mean changes in BMI 

for IG and CG are displayed in fi gure 3. Percentage body fat did 

not change in the IG group (0.0+0.6%) but increased slightly in 

the control group (0.4+0.8%). Diastolic (DBP) but not systolic 

(SBP) blood pressure was signifi cantly decreased in the IG 

(-6.4+4.5 mmHg) compared to CG (2.6+2.2 mmHg) after 6 

months (Table 2). 

There were no signifi cant changes in REE, fasting glucose 

and HbA1c between CG and IG groups during the 6 month trial 

(Table 2). Changes in lipid profi les are shown in table 2. There 

Table 1: Physical Characteristics of Recruited Study Participants Reported as 

Means +/- Standard Deviation (SD), and their respective measures of Resting 

Energy Expenditure, and Glycemic and Lipid Profi le.

Physiological CG (n=20) F:14, M:6 IG (n=19) F:16, M:3 Normal range

Age (years) 54(7) 56(13)

Weight (kg) 106 (23) 95 (16) N/A

Height (m) 1.69 (0.09) 1.64 (0.10) N/A

BMI (kg / m2) 37 (6) 35 (6) N/A

W/H ratio 0.88 (0.09) 0.85 (0.06) N/A

Fat (%) 44 (8) 44 (6) N/A

SBP (mmHg) 127 (14) 132 (19) N/A

DBP (mmHg) 81 (7) 85 (14) N/A

REE (kcal/d) 1420 (290) 1610 (320) N/A

Gluc. (mg/dL) 118 (48) 110 (26) 70-105

HbA1c (%) 6.8 (1.4) 6.6 (1.4) <6.0

TG (mg/dL) 156 (67) 121 (40) 0-169

Chol. (mg/dL) 199 (37) 212 (56) 0-200

LDL (mg/dL) 120 (40) 137 (48) 0-99

HDL (mg/dL) 52 (11) 51 (9) >38

LDL/HDL ratio 2.8 (1.3) 2.7 (1.0) 1.3-4.7

UHRP 6/11 = 54% 7/12 = 58%  

Values are means + SD.   BMI: body mass index, W/H: Waist to hip ratio, Fat %: 

Body fat percentage, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, 

REE: Resting energy expenditure, Gluc: glucose, HbA1c: Glycosylated hemoglobin, 

TG: Tryglicerides, Chol: Cholesterol, UHRP: Undiagnosed Diabetes High Risk 

Percentage with 5.7% < HbA1c < 6.5%, and fasting blood glucose > 100 mg/dL 

(criteria of diagnosis from the American Diabetes Association) [14].
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were no statistical changes in TG level for either group. While 

LDL and total cholesterol levels were lower in both groups after 

6 months the changes did not reach statistical signifi cance 

(p>0.05). However, HDL cholesterol increased more in the IG 

than CG (p<0.05). Distribution of individual changes in HDL 

are displayed in fi gure 4.

Subject adherence to recording caloric intake is displayed in 

fi gure 5a,b. The distribution of individual adherence days for 

each subject is shown in fi gure 5a. Adherence was determined 

from a complete analysis of calorie intake downloaded from 

MyFitnessPalTM for each participant on each day of the study. 

A completed calorie intake day was counted if the participant 

counted a total daily calorie intake equal or 25% higher than 

the calorie intake recommended goal for a given day. Figure 

5b shows the mean percentage of calorie intake completed 

days for each group considering 100% the total days during 

the 6-month study. The corresponding absolute mean (± SEM) 

of the calorie intake completed days is 30 (6) and 51 (7) for 

the CG and IG, respectively with a p-value from paired t-test 

comparing CG vs. IG of 0.03, which indicated a statistically 

signifi cant difference.

Regarding the effects of the 6-month study on HbA1c 

(glycated hemoglobin) levels of the participants with T2DM 

and high risk for T2 diabetes, the pre- and post-study glycated 

hemoglobin level mean (SEM) were 6.8 (0.3) and 5.9 (0.3), 

respectively for CG, and 6.6 (0.3) and 5.9 (0.3) for IG with 

p values < 0.05 from paired t-tests for both cases, which 
Figure 3: Total weight loss by all participants (y-axis) in the CG and IG. The numbers 

on the bars show the corresponding BMI changes (units kg/m2) in each group.

Figure 2: Weight changes for each participant after 6 months of the study. *Weight 

change is tracked from the fi rst day the participants use MyFitnessPalTM app 

(baseline period). Red and blue bars represent the participants’ weight change 

from IG and CG, respectively.

Table 2: Six-month changes in BMI, weight, weight percentage, body fat, blood 

pressure, metabolic rate (REE), blood fasting glucose, HbA1c, and lipid changes 

for CG and IG.

Parameter

Intra-group mean 

difference (Post-study 

minus Pre-study) (SEM)

Difference in Mean of CG 

minus IG

(SED)

p value

CG IG

∆Weight (kg) -1.2 (1.4) -5.2 (1.2) 4.0 (1.8) 0.03*

∆Weight (%) -0.8 (1.1) -5.5 (1.2) 4.7 (1.7) 0.01*

∆Fat (%) +0.4 (0.8) 0.0 (0.6) 0.4 (1.0) 0.69

∆BMI (kg/m2) -0.5 (0.4) -1.9 (0.4) 1.4 (0.6) 0.03*

∆SBP (mmHg) 1.9 (4.8) -4.4 (5.2) 6.3 (6.9) 0.37

∆DBP (mmHg) 2.6 (2.2) -6.4 (4.5) 9.0 (4.8) 0.07

∆REE (kcal/d) 76 (82) 9 (65) 67 (103) 0.52

Gluc. (mg/dL) 8.3 (12.6) -3.7 (4.9) 12.0 (13.6) 0.38

HbA1c (%) -1.0 (0.2) -0.7 (0.2) -0.3 (0.2) 0.25

Trigly. (mg/dL) 17 (16) -11 (8) 28 (18) 0.11

Chol. (mg/dL) -11 (10) -8 (8) -3 (12) 0.79

LDL (mg/dL) -2 (8) -8 (6.2) 6 (10) 0.59

HDL (mg/dL) -1 (2) 5 (2) -6.0 (2.8) 0.04*

LDL/HDL -0.2 (0.3) -0.4 (0.1) 0.2 (0.3) 0.46

Values are means+SEM.   SED: Standard error of difference.  BMI: body mass 

index, Blood pressure: BP, SBP: systolic BP, DBP: diastolic BP, Gluc.: glucose, 

HbA1c: glycosylated Hemoglobin, Trigly.: trygliceride, and Chol: cholesterol. *By 

conventional criteria, this difference is statistically signifi cant.

mg/dl 

Figure 4: HDL cholesterol level changes (pre- and post-study) for each participant 

in the CG and IG.
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indicated statistically signifi cant difference for intra-group 

changes along the 6-month study.

Discussion

Evaluation of the subjects’ post-study

In recent years, a multitude of health and fi tness monitoring 

devices have been introduced to assist people in their attempts 

to lose weight, and improve health and physical fi tness [1-

3,15]. The utility of these devices in clinical practice remains 

to be defi ned, validated and effectively implemented. Here we 

describe the use of a hand held RMR tracking device, Breezing®, 

designed to assess RMR in a population of overweight or 

obese individuals with T2DM and/or at risk for diabetes. The 

RMR measurement is recommended by Academy of Nutrition 

and Dietetics as fi rst tool for weight management [16]. The 

participants were randomized to device assisted monitoring and 

adjustment of diet and caloric expenditure targets, compared 

to a usual standard of care approach for determining caloric 

intake targets. Physical, metabolic and behavioral differences 

were evaluated over 6 months of assignment to intervention or 

control conditions.

The primary fi nding was that by tracking RMR and adjusting 

caloric balance targets during the study the IG lost signifi cantly 

(p<0.05) more absolute weight (-5.2+1.2 kg vs. -1.2+1.4 kg) and 

percentage body weight (-5.5+1.2 % vs. -0.8+1.1 %) than the 

control group (Table 2). Indeed, 17 of the 19 participants in 

the IG lost weight (maximum 17.5 kg) while only one subject 

gained weight (0.9 kg). In the CG, 11 of the 20 participants lost 

weight and 8 gained weight (> 1 kg). If we consider weight loss 

greater than 3 kg, 68% of the IG participants (13/19) reached 

this target, while 40% of the CG group (8/20) did so. 

Other cardiovascular and metabolic disease risk factors 

were also evaluated and reported for this study. HDL 

cholesterol (5+2 mg/dL vs -1+2 mg/dL) was signifi cantly 

increased (p<0.05) in the IG vs CG, respectively (Table 2 and 

Figure 4). However, no signifi cant differences were detected 

in triglycerides, total cholesterol, LDL cholesterol or HDL/LDL 

ratio between the IG and CG. Moreover, while mean systolic and 

diastolic blood pressures decreased in the IG during the study 

while CG blood pressures did not, these differences did not 

reach statistical signifi cance (p >0.05, Table 2). Likewise, the 

greater decreases in fasting glucose and HbA1c observed in the 

IG did not reach statistical signifi cance possibly due to small 

sample sizes. Nevertheless, HbA1c decreased pre- vs. post-

study for both groups, likely due to the fact that both groups 

lost weight. It is well known that weight loss is associated with 

HbA1c reductions in diabetic patients, and therefore is among 

the fi rst recommendations given to newly diagnosed T2DM 

patients [17]. Interestingly, while the study survey identifi ed 

40% of the volunteers having a known diagnosis of diabetes, 

initial blood tests revealed many others at “high diabetes risk” 

with HbA1c levels > 5.7%. Indeed, 54% and 58% of the study 

participants in the CG and IG respectively were referred to 

primary care physicians for further diabetes risk assessment 

(UHRP, Table 1). 

Adherence to caloric and physical activity monitoring

Figure 5a,b shows the percentage of days each participant in 

the respective groups documented a complete record of caloric 

intake. While there was a large variability in adherence in both 

groups from <20% to >75% of total days, the IG documented 

70% more complete days than CG (51+7 vs 30+6 % of days) 

which was statistically signifi cant (p<0.05). It is known that 

complete patient recording of caloric intake in ambulatory 

settings is notoriously diffi cult and it is only achievable if 

tracking is concentrated on 7 days a week from time to time 

in a year [18]. However, the adherence to calorie tracking in 

the study setting was remarkable, and probably due to the use 

of the iPad in connection with study setting (e.g. investigators 

weekly observation). 

In addition to documenting daily caloric intake, engaged 

participation was assessed for CG and IG in terms of physical 

activity data entry using MyFitnessPalTM. This platform 

A

B

Figure 5: A) Number of days of complete calorie intake as a function of study 

participants for CG and IG. Completed calorie intake days were counted when a 

calorie intake was equal or 25% higher than the calorie intake goal. B) Percentage 

average of completed calorie intake days for each group considering the total 

days of the 6-month study as 100%. The paired t-tested indicated a signifi cant 

difference between the CG and IG with p = 0.03.
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includes recording of activity records, and personal notes. The 

volume of entry was defi ned by the total number of pages with 

recorded activity, and notes generated by each participant. The 

CG averaged 63 (SEM:8) pages of activities and notes entries, 

and the IG averaged 79 (SEM:3) pages of activities and notes 

entries, which was 25% greater for the IG vs. CG. In addition, 

the IG recorded over 200 REE measurements during the 

6-month study which was not included in the activity entries 

(not shown).

The use of the MyFitnessPalTM app educates participants 

about calories in each food as well as the daily diet. The platform 

allows for increasing awareness of caloric content of typical 

food choices and the need to consider other quality choices 

while balancing quantity. In addition to calorie counting, the 

app led to the participants sharing diaries, sharing notes, and 

meal plans. Taken together, important components of weight 

management, including recording weight, calorie targets, diet 

tracking, and activity monitoring were integrated in the same 

mobile application (MyFitnessPalTM) which could in turn be 

accessed and tracked using social media. It is important to note 

that both groups benefi ted from this platform. The difference 

between the two groups was in the periodic assessment in RMR 

during the 6-month study which was used to adjust caloric 

and activity targets going forward. In fact, a comparison of the 

measured RMR with the calculated RMR in the CG indicated that 

45% of the participants received a calorie recommendation from 

the equation that was 40% to 90% higher than the actual calorie 

intake need. This higher calorie recommendation may have driven 

to a higher calorie intake and, therefore, to higher weight gain. In 

fact, the weight gain in the control group was 40% compared with 

almost null rate in the intervention group. Furthermore, the weekly 

adjustment of calorie intake recommendation in the IG led to a 

personalized calorie intake recommendation that ultimate yielded a 

higher success in weight loss (89% vs 50%), and almost negligible 

weight gain (5%). 

Study limitations and overall study analysis

The study lasted 6 months and the durability of the weight 

loss effect remains unknown. Therefore, longer study period 

of evaluation with and without active intervention would be 

needed in future studies. In addition, the assessment of total 

energy expenditure could be improved by assessing more 

accurate activity energy expenditure. This could be performed 

by using personalized indirect calorimetry-calibrated activity 

trackers. Finally, the current study had mostly women 

consenting for the study. In a future study, efforts to improve 

the sex distribution and the size of the study population should 

be made to assess statistically representative differences in 

outcomes between males and females.

Obesity, and related metabolic and cardiovascular disease 

represents an enormous health and economic burden on 

society. Consistently successful and durable interventions have 

been diffi cult to develop and often require signifi cant resources 

to implement. The recent development of personal electronic 

devices to monitor and encourage healthy behaviors in healthy, 

high risk and chronic disease populations are becoming readily 

available to the public. Here, we described a personalized 

hand held device capable of accurate measurement of RMR by 

individual patients. Since one of the obstacles of continuing 

weight loss is the decrease in RMR over time, this device 

offered the opportunity to inform health professionals and 

patients of RMR changes such that adjustments in caloric 

intake and/or physical activity can be adopted to maintain 

more favorable weight loss trajectories. We observed that the 

integration of the device use is feasible, and next steps into the 

practical applications will require a reimbursement strategy in 

conjunction with the implementation of a remote monitoring 

site to enable teleconsultation of patients.

Conclusion

We have shown the addition of RMR to a standard caloric 

restriction and physical activity based weight loss program 

resulted in greater weight loss, improved HDL cholesterol 

and greater adherence to health monitoring. Indeed, the use 

of a personal indirect calorimetry device facilitated a more 

comprehensive use of the calorie counter app, which included 

calorie intake tracking, activity tracking, weight tracking and 

sharing functions. Future, studies in larger groups involving 

additional biomarkers are indicated. Moreover, the durability 

(>6 months) of weight loss and health improvements in 

patients using the Breezing® tracker or similar device during a 

weight loss intervention needs to be established. The fi ndings 

in this study further demonstrate the potential of providing 

personalized, precise, and accurate information to patients 

for health monitoring and improvement. In this regard, the 

current study recognizes the importance of implementing the 

Precision Medicine Initiative [19] with current on-going efforts 

in large scale populations.
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