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ABSTRACT 

In this paper, we first studied the change in resting 

metabolic rate (RMR) of 4 women during their pregnancy 

period. We retrospectively analyzed published data, which 

lacked rigorous statistical analysis. We introduced new data 

that helps to define RMR baseline variabilities and further 

compare the RMR fluctuations in steady physiological 

conditions (no pregnancy, no weight/diet/exercise regime 

change) to assess “true” RMR changes that can guide 

healthy weight management in pregnancy and other 

conditions. For each subject, the change in the RMR values 

were computed as the difference between the values during 

the metabolic rate inspection period and the baseline values. 

This difference was compared against the difference values 

of a reference subject, using a two-sided paired t-test at the 

significance level of 5%. Our results indicated that some 

subjects exhibit a statistically significant increase, some 

exhibit a decrease while others show no significant 

statistical variation in RMR values during pregnancy. These 

are important findings that demystify the old idea that the 

RMR of a pregnant woman “always” increases since she is 

generating a new life; rather, individualized physiological 

processes can produce metabolic changes that cannot be 

generalized and need individual RMR measurements 

throughout pregnancy. The insights gained from this study 

were then applied to retrospectively analyze the RMR of 20 

subjects during a 6-month pilot weight loss intervention 

with 89% efficiency in weight loss. Our analysis revealed 

that there was no significant decrease in metabolic activities 

at the end of the program. Although this contradicts the 

belief that weight loss is associated with a decrease in 

metabolic activities, our results can be explained by the fact 

that subjects adhered to a healthy nutritional diet and regular 

exercise during the pro- gram; thus, the effect of weight loss 

on decreasing the RMR was counter-balanced by the effect 

of healthier diet and exercise on increasing the RMR, which 

helped in maintaining a steady and healthy metabolic rate. 

Both studies, pregnancy and weight loss interventions 

indicated that changes in the metabolic rate of pregnant 

women and individuals undergoing weight loss 

interventions are unpredictable, therefore there is an urgent 

need to implement personalized practices of weight 

management by periodically measuring RMR and adjusting 

food caloric intakes based on the individual’s metabolic 

rate. 

1. INTRODUCTION 

Resting metabolic rate (RMR), also known as Resting 

energy expenditure (REE), is the energy required to support 

basic metabolic functions of a person (during a time period 

of strict and steady resting conditions) (Criscione & Durr-
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Gross, 2010; Nestle & Nesheim, 2012). Indirect calorimetry 

devices can be used to detect exchange of gases during 

metabolic activities and compute the energy (kcal/day) 

needed to sup- port life (Weir, 1949, 1990). The energy 

requirements for life and growth during pregnancy is much 

higher than in the non-pregnant state (Jackemeyer, Forzani, 

& Whisner, 2017). Thus, proper measurement of REE and 

characterization of longitudinal metabolic changes during 

pregnancy is key to determining daily caloric intake needs 

and preventing adverse maternal and fetal health risks. 

Further, obesity has become endemic in the U.S., with rates 

increasing worldwide (Spring et al., 2017): 40% of adults 

(Hales, Carroll, Fryar, & Ogden, 2017; Wolf & Colditz, 

1998; Flegal, Carroll, Ogden, & John- son, 2002; Bray, 2004; 

Campos, Saguy, Ernsberger, Oliver, & Gaesser, 2006; 

Finkelstein, Trogdon, Cohen, & Dietz, 2009; Criscione, 

Durr-Gross, & Stebler, 2013) and 18% of children under 18 

(Orsi, Hale, & Lynch, 2011) in the U.S. are obese, affecting 

every segment of the U.S. population. The root cause of 

obesity and weight gain is a surplus of individual dietary 

energy intake relative to energy expenditure (McArdle, 

Katch, & Katch, 2010; Manore, Meyer, & Thompson, 2009). 

For a person to meet their weight goals, the number of 

calories consumed must take into account the number of 

calories burned during daily activities. Therefore, measuring 

an individual’s energy expenditure is necessary to develop 

and implement effective weight management courses and 

intervention programs (Criscione et al., 2013; McDoniel, 

Nelson, & Thomson, 2008; Wahrlich, Anjos, Going, & 

Lohman, 2006; Jones, 2006; Heshka, Yang, Wang, Burt, & 

Pisunyer, 1990; Elliot, Goldberg, Kuehl, & Bennett, 1989, 

1987). The goal of this research was to analyze long-term 

resting metabolic rates and develop prediction models for 

resting metabolic rate changes. We include two user 

populations in this study: (i) adult women during their 

pregnancy period; and (ii) individuals who participated in a 

weight loss pilot intervention for 6 months. Our analysis 

sheds light on some new insights on the variation of REE 

during pregnancy and weight loss interventions. 

2. STUDY 1: REE OF WOMEN DURING THEIR 

PREGNANCY PERIOD 

To test the hypothesis whether the REE always increases 

during pregnancy, in our first study, we analyzed the REE of 

4 adult women during their pregnancy period. All the 

participants were in good health and over the age of 18 

years. Subjects were excluded if they had type 1 or 2 

diabetes, high blood pressure, or intestinal or metabolic 

conditions that could affect energy metabolism. Each 

participant was given a mobile indirect calorimeter for self-

assessment of REE. The calorimetry device was the 

BreezingTM analyzer (www.breezing.com), which uses 

indirect calorimetry to measure the exchange of oxygen and 

carbon dioxide from inhaled and exhaled breath (Seagle, 

Strain, Makris, & Reeves, 2009). It is the first mobile, 

wireless, user-friendly device that performs resting 

metabolic measurement based on indirect calorimetry with 

capability for remote patient assessment. It measures RMR / 

REE by measuring the rate of O2 consumption and CO2 

production in breath. The device had been validated for 

accuracy with the gold standard Douglas Bag Method, 

showing excellent agreement between the two methods 

(Xian et al., 2015). The participants were provided with an 

REE-adjusted daily calorie intake recommendation and the 

captured data was uploaded and stored on iPhones. Please 

refer (Jackemeyer et al., 2017) for further details about the 

data collection. 

The results are shown in Figure 1. We compared the change 

in the REE (∆ REE) values of the 4 subjects against those of 

the reference subjects (showing normal physiological 

fluctuations – baseline). For each subject, the change in the 

REE values were computed as the difference between the 

values during the EE inspection period and the intra-

subject’s base- line values (∆ REE). This difference was 

compared against the difference values of the reference 

subject, using a two- sided paired t-test at the significance 

level of 5%. The results indicated that subjects 1 and 3 

exhibited a statistically significant increase in the REE 

values while subject 4 showed a decrease in the REE value 

during the period. For subject 2, the values did not show 

any statistically significant variation. This is a significant 

research finding and is contrary to the popular belief that the 

REE of a pregnant woman always increases, since she is 

generating a new life. Our results suggest that physiological 

processes produce metabolic changes that are unique to every 

individual and cannot be generalized.  

3. STUDY 2: REE OF SUBJECTS DURING A PILOT WEIGHT 

LOSS INTERVENTION 

In our second study, 20 subjects were recruited (14 females 

and 6 males) to participate in a pilot weight loss 

intervention. All subjects had T2DM or were at high risk of 

developing diabetes. Physical, metabolic and blood 

measurements were performed on Day 1 and at 6 months. 

Throughout the study, participants electronically recorded 

weight, caloric in- take, and activities on an iPad loaded with 

the relevant apps. Each subject was also provided with a 

metabolic rate analyzer to assess their measured REE weekly 

during the month intervention period. Subjects adherence to 

measurements were different and while 1 subject recorded 

measurements for the first 3 months, others continued even 

after ending the intervention period, reaching records for a 

period of 9 months. For each subject, the weight loss was 

noted, together with the change in measured REE values 

during the intervention period (please refer (Stump et al., 

2017) for further details about the data collection). The 

variation in the measured REE values was compared against 

the baseline value using a two- sided paired t-test at the 

significance level of 5%. 
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The results are reported in Table 1. For each participant, 

we included the time period of the intervention, the initial 

weight, the weight change (final - initial weight), the 

number of REE measurements within the given time period, 

its mean and standard deviation and the outcome of our 

analysis (whether or not there was a significant change in the 

REE as compared to the baseline values at p < 0.05). We 

excluded 3 subjects (15, 16 and 19) from our analysis, as 

they had very few (less than 5) REE measurements during 

the entire period of the intervention. Out of the 17 subjects 

analyzed, 5 depicted a significant decrease, 4 depicted a 

significant increase and 8 depicted no significant change in 

the REE.  

Figures 2(a) and 2(b) depict the results of subjects 6 and 13 

respectively, where both the measured REE and the body 

weight are plotted against time. We note that there is a 

reduction in weight from 157 to 153.8 lbs with a minimum 

of 151.8 lbs for subject 6, and from 249 to 216.3 lbs for 

subject 13. Both these subjects lost a significant amount of 

body weight during the intervention program. However, 

there was no significant change in the REE as compared to 

the baseline values (first measured REE on day 1 of the 

interventions) at p < 0.05. We excluded 3 subjects (15, 16 

and 19) from our analysis, as they had very few (less than 5) 

REE measurements during the entire period of the 

intervention. Out of the 17 sub- jects analyzed, 5 depicted a 

significant loss of body weight during the intervention 

program, specially subject 13 experienced a significant 

weight loss of 13%. However, there was no statistically 

significant reduction in their REE, which im- plies that they 

maintained a steady metabolic rate during their weight loss. 

This contradicts the popular belief that weight loss is always 

associated with a decrease in metabolic activities. Our 

inspection revealed that the participants adhered to a healthy 

diet and exercised regularly, which negated the effects of 

weight loss and helped in maintaining a steady metabolic 

rate. Regarding the other subjects that showed significant in- 

creases of REE even when they experienced a weight loss 

between 2 and 17 lbs, the increase may have been due 

higher metabolic functions in the overall body. The increase 

of activity (higher blood flow) as well as healthier organs 

(e.g. liver with 20%, heart and kidney with 20% of total 

REE) functions may have been the contributors to this 

change (Kinney & Tucker, 1992). However, these subjects 

lost a significant amount of body weight during the 

intervention program. However, there was no significant 

change in the REE as compared to the baseline values (first 

measured REE on day 1 of the interventions) at p < 0.05. 

We excluded 3 subjects (15, 16 and 19) from our analysis, 

as they had very few (less than 5) REE measurements 

during the entire period of the intervention. Out of the 17 

sub- jects analyzed, 5 depicted a significant loss of body 

weight during the intervention program, especially subject 

13 experienced a significant weight loss of 13%. 

However, there was no statistically significant reduction in 

their REE, which im- plies that they maintained a steady 

metabolic rate during their weight loss. This contradicts the 

popular belief that weight loss is always associated with a 

decrease in metabolic activities. Our inspection revealed that 

the participants adhered to a healthy diet and exercise 

regularly, which negated the effects of weight loss and helped 

in maintaining a steady metabolic rate.  

 

Figure 1. Analysis of REE changes for 4 adult women 

during their pregnancy period. The results indicated that 

subjects 1 and 3 exhibited a statistically significant increase 

in the REE values while subject 4 showed a decrease in the 

REE value during the observation period. For subject 2, the 

values did not show any statistically significant variation 

Regarding the other subjects that showed significant in- 

creases of REE even when they experienced a weight loss 

between 2 and 17 lbs, the increase may have been due higher 

metabolic functions in the overall body. The increase of 

activity (higher blood flow) as well as healthier organs (e.g., 

liver with 20%, heart and kidney with 20% of total REE) 

functions may have been the contributors to this change 

(Kinney & Tucker, 1992). 

4. CONCLUSION AND DISCUSSION 

Both studies, pregnancy and weight loss interventions 

indicate that changes in the metabolic rate of pregnant 

women and individuals undergoing weight loss 

interventions are un- predictable, therefore there is an urgent 

need to implement personalized practices of weight 

management by periodically measuring REE and adjusting 

food caloric intakes based on management as much as a 

glucose measurement is reinforced in the field of diabetes 

management. All individuals are unique, and population-

based trends are only representative of the population and 

not of the individual. In this regard, the use of statistical 

methods of analysis of REE patterns over time are necessary 

to bring to the clinical practice. Further, these analysis in 

connection to prediction models of weight management 

could be paired with already known appropriate 

interventions to help combat the obesity epidemic. In this 
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study, use of the Breezing system was important, as it 

allowed re- mote longitudinal REE data assessment. 
 

 

Sub. 
No. 

Time 
(months) 

Initial Wt. Wt. Change No. REE 
Meas. 

REE Mean REE Std Analysis Outcome 

1 8 236.5 -14.8 18 2442.2 350.28 Significant increase 
2 5 194.9 -1 31 1389.7 177.2 Significant decrease 
3 7 206.9 2 19 1861.1 180.39 No significant change 
4 6 229.9 -17 14 2008.6 115.54 Significant increase 
5 6 260.9 -4.4 15 1811.3 167.15 No significant change 
6 4 157 -3.2 27 1577.8 99.31 No significant change 
7 2 200.7 -6 12 1390.8 138.65 No significant change 
8 6 187.9 -6 26 1842.6 301.41 Significant decrease 
9 9 252.3 -10.4 14 1684.3 297.31 No significant change 
10 9 266.9 -2 29 1422.8 177.01 No significant change 
11 7 170 -4 13 1059.4 138.03 No significant change 
12 6 205.9 -27.9 28 1300.7 147.11 Significant decrease 
13 7 249 -32.7 16 2306.9 205.09 No significant change 
14 6 223.9 -15.9 16 1295 85.47 Significant decrease 
17 7 199.9 -2 24 1852.1 232.37 Significant increase 
18 6 170.2 -5.4 23 1302.2 121.46 Significant increase 
20 3 173 -5 9 1544.4 195.64 Significant decrease 

Table 1. Analysis of REE changes for 17 subjects during a pilot weight loss intervention. For each participant, we tabulate 

the duration of the intervention (in months), the initial weight (in lbs.), the weight change (final - initial weight, in lbs.), the 

mean and standard deviation of the REE during the intervention and whether or not there was a statistically significant 

variation in the REE. The significance was computed using a two-sided paired t-test at the significance level of 5%. 

 

 

 

 

Figure 2. Plot of the weight and REE for subjects 6 and 13 during the weight loss intervention. Both subjects depicted a 

reduction in body weight, but there was no statistically significant change in their REE.
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