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Abstract
AIM: To evaluate selected factors influencing resting 
energy expenditure (REE) in obese female subjects.

METHODS: Seventy seven 61 obese Caucasian wom-
en [mean age of 52.93 ± 13.45 years, and mean body 
mass index (BMI) of 41.78 ± 11.54 kg/m2] were en-
rolled; measurements of resting metabolic rate (RMR) 
by a ventilated, open-circuit system, indirect calorim-
eter were performed after an overnight fast. Body com-
position as well as medications, physical parameters, 
blood samples, disease pattern, and smoking were con-
sidered. 

RESULTS: RMR was significantly associated with body 
weight (r  = 0.732, P  < 0.001), body height (r  = 0.401, 

P  = 0.008), BMI (r  = 0.504, P  < 0.001), waist circum-
ference (r  = 0.602, P  < 0.001), mid-upper arm circum-
ference (r  = 0.417, P  = 0.006), mid-upper arm muscle 
circumference (r  = 0.344, P  = 0.028), total body water 
(r  = 0.339, P  = 0.035), body temperature (r  = 0.409, 
P  = 0.007), smoking (P  = 0.031), serum T4 levels (r  = 
0.331, P  = 0.036), obstructive sleep apnoea syndrome 
(OSAS; P  = 0.023), impaired glucose tolerance (IGT; P  
= 0.017) and impaired glycaemic status, including hy-
perinsulinism, IGT and diabetes mellitus (P  = 0.003).

CONCLUSION: Future research should be prompted 
to optimize the procedure of indirect calorimetry to 
achieve clinical benefits in obese subjects.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
An imbalance between energy expenditure (EE) and en-
ergy intake (EI) underlies the accumulation of  exceeding 
body fat (BF) in obese subjects[1,2]. Moreover, adiposity 
represents a common soil at the origin of  different disor-
ders such as type 2 diabetes mellitus (T2DM), hyperten-
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sion, dyslipidemia, coronary heart disease (CHD), meta-
bolic syndrome (MetS), sleep apnoea, as well as cancer[3].

In overweight and obese patients, the exact assess-
ment of  basal metabolism plays a pivotal role in order to 
tailor a balanced nutritional support. Predictive equations 
have been originally developed from data collected in 
normal-weight individuals[4,5]; even if  they are considered 
to be a rapid and easy indirect method of  resting meta-
bolic rate (RMR) definition, they could not be thoroughly 
appropriate for obese patients, as a lack of  correspon-
dence between predicted values and real metabolic rate 
has been described in this subset of  subjects[6].

The direct measurement of  RMR should be per-
formed when the clear- cut definition of  energy re-
quirements is needed to address correctly dietary in-
terventions[7]. Indirect calorimetry (IC) is based on the 
evaluation of  O2 consumption (Vo2) and CO2 production 
(Vco2), and it is the most common method currently used 
with this purpose[8]. 

Several factors have been shown to influence RMR 
measurement by IC. FFM, gender, and age may affect 
RMR, whereas the role of  other factors, such as T2DM, 
ethnicity, menstrual cycle, hypertension, thyroid function, 
and smoking, remains to be univocally clarified[9,10].

The aim of  this study was the analysis of  selected 
factors potentially affecting the RMR for a better under-
standing of  determinants of  RMR, providing evidence 
that would be helpful in obesity management and preven-
tion of  obesity-related comorbidities, optimizing weight 
loss strategies.

MATERIALS AND METHODS
Subjects
Sixty-one obese Caucasian women (mean age: 52.93 ± 
13.45 years, and mean BMI: 41.78 ± 11.54 kg/m2), were 
enrolled in the study. Secondary diseases and medications 
at the time of  the recruitment were not considered as 
exclusion criteria. After the IC performance, 19 women 
were excluded because the steady state criterion was not 
achieved. Hence, a sample of  42 female obese subjects 
was considered.

Study design
Examinations were performed under thermo-neutral 
conditions, from 8 to 10 o’clock in the morning[11]. Par-
ticipants had to remain in a 12-h fasting state before the 
examination, refraining from any heavy physical activity 
in the same period, abstaining from smoking in the pre-
ceding 2 h, and without ingesting coffee or water during 
4 h prior to examination[12].

RMR measurement
RMR was defined for each subject using an open- circuit 
indirect computerized calorimeter (stable IC: Quark RMR 
Cosmed ), equipped with a canopy. Measurements were 
performed along a 15-min period preceded by a 10-min 
rest. Thermo-neutral conditions in a darkened room were 

chosen, leaving subjects in a comfortable environment. 
Subjects were asked not to move and not to talk during 
the test performance. Heart rate (HR) was monitored. 
Excluding the preliminary 5 min of  each measurement, 
the subsequent 10 min were considered for the evaluation 
of  data, expressed in kJ/d; also the steady state criterion 
was established (5-min stable period of  < 10% variation 
in measured VO2 and VCO2). O2 consumption and CO2 

production were standardized for temperature, baromet-
ric pressure and humidity[13]. 

Anthropometric parameters
Body weight (BW) was measured to an accuracy of  0.1 kg 
through a standard column body scale. Body height (BH) 
was determined using a rigid stadiometer to an accuracy 
of  0.5 cm. BMI was calculated as BW/(BH)2. Waist cir-
cumference (WC) was gathered using a standard measur-
ing tape, to an accuracy of  0.1 cm. Mid arm circumference 
(MAC) was gathered using a standard measuring tape, on 
the non-dominant arm midway between the shoulder and 
elbow, to an accuracy of  0.1 cm.

Body composition
Bioimpedance analysis was performed on the right body 
side[14] using a bioimpedance analyser AKERN Biore-
search SRL, Pontassieve, FL, Italy. Skinfold measure-
ments: fat mass (FM) was estimated from the sum of  
four skinfolds (SF): tricipital (TSF), bicipital, subscapular, 
and suprailiac, measured on the non-dominant body side. 
Each measurement was repeated for three times, and the 
mean value was calculated to reduce the variability in the 
performance (Harpenden Caliper User manual). Body 
density (BD) was assessed using the Durnin and Wom-
ersley sex- and age- adjusted linear regression equation; 
from BD, FM was calculated by the Siri equation[15].

Physical parameters
Measurements of  blood pressure (BP) were performed 
on the left upper arm, to an accuracy of  5 mmHg. The 
body temperature (BT) was measured in the armpit, us-
ing a standard clinical thermometer.

Laboratory data/ biochemistry
Blood samples were taken from each subject after an 
overnight fast. The following biochemical parameters 
were assayed: glucose, insulin, triglycerides (TG), total 
cholesterol (TC), LDL-cholesterol, HDL-cholesterol, thy-
roid stimulating hormone (TSH), thyroxin (T4), albumin, 
and pre- albumin. 

Laboratory tests were performed using a COBAS-
MIRA analyser and a Cell-Dyn 1700 Analyser (Abbott), 
at the Laboratory of  the “Villa delle Querce” Clinical 
Rehabilitation Institute. Serum concentrations of  the bio-
logical indices were determined by routine methods with 
conventional commercial kits (ABX, Rome, Italy). 

Disorders, diseases, medications and lifestyle habits
These parameters encompassed: T2DM (defined as fast-
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ing glucose levels ≥ 126 mg/dL), impaired glucose toler-
ance (IGT) (fasting glucose levels ranging from 110 to 
126 mg/dL), hyperinsulinism, obstructive sleep apnoea 
syndrome (OSAS), hypothyroidism/dysthyroidism, dysli-
pidemia, hypertension (BP > 130/85 mmHg), depression. 
Metformin, levothyroxine, anti- depressants and anti- 
hypertensive agents were included. Smoking habit (more 
than ten cigarettes per day), and the menstrual state (regu-
lar/irregular menses and postmenopausal period) were 
also taken into account. 

Statistical analysis 
Baseline data and subjects’ characteristics were evaluated 
and collected. Statistical analysis was performed using 
Excel 2007 and SPSS 10.0 for Windows. Parameters were 
expressed by mean values and by standard deviation (SD) 
indicating the minimal and maximal extremity of  each 
range of  values. The outcome dependent variable, the 
RMR, was expressed in kcal/d. Independent variables 
were expressed as continuous or as cathegorial variables.

Pearson’s correlation coefficient was used to correlate 
the means of  the RMR with parameters. Linear regres-
sion models, analysis of  variance (ANOVA), and inde-
pendent t test were used. Differences and correlations 
were considered statistically significant when P value was 
< 0.05.

RESULTS
A total of  sixty-one women (mean age of  52.93 ± 13.45 
years, and mean BMI of  41.78 ± 11.54 kg/m2), were 

studied. Descriptive data, anthropometric characteristics, 
and selected parameters are shown in Tables 1 and 2, re-
spectively. Just forty two of  the sixty one women achieved 
the steady state criterion. Thus, for further evaluation, 42 
obese women (mean age 52.72 ± 13.96 years and mean 
BMI 41.35 ± 11.37 kg/m2) were considered only.

Factors influencing the RMR
Anthropometric parameters influencing the RMR: 
The following anthropometric parameters: BW (r = 0.732, 
P < 0.001), BMI (r = 0.504, P < 0.001), WC (r = 0.602, P 
< 0.001), MAC (r = 0.417, P = 0.006), BH (r = 0.401, P 
= 0.008), MAMC (r = 0.344, P = 0.028), and TBW (r = 
0.339, P = 0.035), showed a statistically significant corre-
lation with RMR (Table 3). 
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Table 1  Anthropometric characteristics, clinical parametersand 
body composition 

Variable mean ± SD

Age (yr)     52.72 ± 13.96
BW1 (kg)   102.97 ± 26.55
BH1 (cm) 158.41 ± 6.71
BMI1 (kg/m2)     41.35 ± 11.37
WC1 (cm)   115.44 ± 22.08
HR1 (bpm)     66.61 ± 11.03
SBP1 (mmHg)   127.32 ± 18.06
DBP1 (mmHg)   78.04 ± 8.58
CB1 (cm)   39.01 ± 8.23
CMB1 (cm)   29.31 ± 5.27
FM1,2 (%)     42.86 ± 10.06
FM1,3 (%)     45.34 ± 28.07
FFM1,3 (%)     54.66 ± 28.07
MM1,3 (%)     32.16 ± 25.71
BCM1,3 (%)   44.49 ± 8.40
BCM1-Index3     8.91 ± 2.43
TBW1,3 (%)     41.06 ± 20.42
ECW1,3 (%)   52.56 ± 5.37
ICW1,3 (%)   47.44 ± 5.37
RMR1 (kcal/d)   1537.91 ± 281.76

Descriptive data in obese women. 1See the full text for abbreviations of 
subjects’ anthropometric parameters; 2Estimated by Harpenden caliper; 
3Estimated by BIA. BW: Body weight; BH: Body height; BMI: Body mass 
index; WC: Waist circumference; HR: Heart rate; FM: Fat mass; RMR: 
Resting metabolic rate.

Table 2  Parameters influencing resting metabolic rate (de-
scriptive data)

Variable Subjects (%)

T2DM    33.3
IGT    18.8
Hyperinsulinism    26.1
OSAS    17.4
Dysthyroidism    31.3
Dyslipidemia    13.0
Hypertension    65.2
Depression    27.5
Metformin    36.2
Antidepressants    18.8
Antihypertensive drugs    10.1
Levothyroxine    31.9
Smoking habit    43.8
Postmenopausal state   0

T2DM: Type 2 diabetes mellitus; IGT: Impaired glucose tolerance; OSAS: 
Obstructive sleep apnoea syndrome.

Table 3  Correlation analysis among subjects’ anthropometric 
parameters, body composition and resting metabolic rate 
(kJ/d) (n  = 42)

Variables Correlation (r ) P 4

Age (yr)   0.006    0.969
BW1 (kg)   0.732 < 0.001
BH1 (cm)   0.401    0.008
BMI1 (kg/m2)   0.504 < 0.001
WC1 (cm)   0.602 < 0.001
MAC1 (cm)   0.417    0.006
MAMC1 (cm)   0.344    0.028
FM1,2 and FFM1,2 (%)   0.169    0.290
FM1,3 and FFM1,3 (%)   0.113    0.485
MM1,3 (%)   0.105    0.522
BCM1,3 (%)   0.033    0.837
BCM1-Index3   0.120    0.458
TBW1,3 (%)   0.339    0.035
ECW1,3 and ICW1,3 (%)   0.029    0.865

1See the full text for abbreviations of subjects’ anthropometric parameters; 
2Estimated by Harpenden caliper; 3Estimated by BIA. BW: Body weight; 
4Differences and correlations were considered statistically significant when 
P value was < 0.05. BH: Body height; BMI: Body mass index; WC: Waist 
circumference; FM: Fat mass.
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Physical parameters influencing the RMR: BP, HR, 
SpO2, and BT were considered (Table 4). No significant 
correlation was found for BP (r = 0.048/0.035, for systolic 
and diastolic BP, respectively) and SpO2 (r = 0.158) indicat-
ing a lack of  influence of  these parameters on the mea-
sured RMR. 29 (69%) of  the total subjects were treated 
with anti- hypertensive agents, likely accounting for normal 
BP values. On the other hand, correlations were obtained 
with HR (r = 0.296, P = 0.050; Figure 1B: P < 0.05), and a 
significant association was found with BT (r = 0.409, P = 
0.007; Figure 1A). As shown in Figure 1A (P < 0.05), BT 
was positively correlated with RMR. 

A slight positive correlation between RMR and HR 
was described, showing a trend toward a higher estimated 
RMR consistently with an increase of  HR, but without 
statistically significant results. 

Blood parameters influencing the RMR: In Table 3 
correlation analysis among RMR and serum TC, TG, 
LDL- cholesterol, HDL- cholesterol, glucose, insulin, 
TSH, T4, albumin and pre-albumin levels is shown. Just 
one significant positive association has been reported 
between RMR and serum T4 concentrations (r = 0.331, 
P = 0.036) (Figure 2: P < 0.05); as illustrated in Figure 2, 
a significant positive correlation has been found between 
RMR and T4 concentrations, even considering progres-
sively increasing serum T4 levels within the normal range 
of  values. Eighteen subjects had hypothyroidism and were 
on levothyroxine therapy (Figure 2).

Other factors influencing the RMR: A correlation 
analysis among RMR and disorders, diseases, medications, 
and smoking was performed. A total of  13 parameters 
were included: type 2 diabetes mellitus (T2DM- including 
patients on metformin therapy), IGT, hyperinsulinism, 
thyroid function (hypothyroidism and dysthyroidism), 
dyslipidemia, hypertension (including subjects on hyper-
tensive therapy), OSAS, depression, anxiety, menstrual 
cycle or postmenopausal state, antidepressant medica-
tions, metformin, levothyroxine, and smoking. A signifi-
cant relationship was demonstrated between RMR and 
smoking (P = 0.031), OSAS (P = 0,023), IGT (P = 0.005), 
and impaired glycemic status- including IGT, T2DM, and 
hyperinsulinism (P = 0.003). 

Environmental conditions influencing the RMR: Data 
provided by correlation analysis excluded any significant 
association among RMR and environmental variables 
(room temperature: r = 0.118, P = 0.456; room humidity: r 
= 0.076, P = 0.634, and atmospheric air pressure: r = 0.018, 
P = 0.910).

DISCUSSION
In the present study we selected and considered anthro-
pometric and physical characteristics, blood parameters, 
as well as environmental conditions, to ascertain their 
impact on the RMR of  obese female subjects.
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Table 4  Correlation of subjects’ physical characteristics with 
resting metabolic rate (n  = 42)

Variables Correlation (r ) P 1

Blood pressure (mmHg) 
systolic/diastolic

0.048/0.035 0.759/0.825

Heart rate (b/min) 0.296   0.050
SpO2 (%) 0.158   0.318
Body temperature (℃) 0.409   0.007

1Differences and correlations were considered statistically significant when 
P value was < 0.05.

Figure 2  Correlation analysis between resting metabolic rate and thyroxin 
levels. RMR: Resting metabolic rate.

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

R
M

R
 (

kj
/d

) 
un

po
rt

ab
le

 I
C

r  = 0.331 (r 2 = 0.109)
P  = 0.036

Subjects had not hypothyroidism and were on levothyroxine therapy

Subjects had hypothyroidism and were on levothyroxine therapy

0.60                      1.10                      1.60                     2.10
Thyroxin (mcg/dL)

Figure 1  Correlation analysis between resting metabolic rate and body 
temperature (A) and heart rate (B). RMR: Resting metabolic rate.

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

R
M

R
 (

kj
/d

) 
un

po
rt

ab
le

 I
C

r  = 0.296 (r 2 = 0.088)
P  = 0.056

35                       65                         85                      105

Heart rate (b/min)

B

8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

R
M

R
 (

kj
/d

) 
un

po
rt

ab
le

 I
C

r  = 0.409 (r 2 = 0.167)
P  = 0.007

35.0             35.5             36.0             36.5            37.0

Body temperature (℃)

A

Hagedorn T et al . Indirect calorimetry in obese female subjects



As expected, BW and BH were significantly positively 
correlated with RMR, as well as BMI did, confirming the 
important role of  BW and BH in modulating the basal 
metabolic rate, as these variables were already taken into 
account in early studies for the estimation of  RMR. 

WC, MAC and MAMC were found to be significantly 
positively associated with RMR. WC is a strong predictor 
for visceral adipose tissue, and it is currently and uni-
versally accepted as an independent cardiovascular risk 
marker for obese people[16]. Just few studies exploring 
and assessing the relationship between WC and RMR ex-
ist[17,18]. The correlation of  MAC and MAMC with RMR 
could be explained by a higher accumulation of  FM in 
the mid-upper arm in obese subjects, which is propor-
tional to the accumulation of  adipose tissue in other parts 
of  the body. 

BW as a significant predictor of  increased RMR, and 
the higher percentage of  FM and FFM in obese subjects, 
may lead also to a higher MAC and MAMC, hence to a 
higher RMR. 

Several studies reported that RMR decreases parallel-
ing aging, because of  the loss of  FFM and the increase in 
FM, since body mass and BC are the major predictors of  
EE[1]. In the present study no significant correlation was 
found among FM, FFM, BCM, MM, BCMI and RMR. 
FM was expected to contribute slightly to RMR, thus no 
significant correlation was obtained, and it is supported 
by previous evidence[19]. The influence of  FM on RMR 
has not been univocally assessed, results being inconsis-
tent across studies, even if  it seems to play only a minor 
additional role. 

FFM alone is well known to be related to RMR[20] 
though in the present study no correlation emerged, nor 
with values obtained by anthropometry neither by BIA, 
whereas a positive association was found between RMR 
and TBW. Special considerations should be highlighted 
when body composition of  obese subjects is determined 
by BIA. In obese and overweight individuals the higher 
hydration of  FFM is responsible for an overestimation 
of  FFM and underestimation of  FM. Additionally, the 
body build of  obese subjects, especially abdominal obe-
sity, concurs to the mentioned impairment of  the results 
provided by the BIA[21]. Surprisingly in the present study 
TBW was significantly positively correlated with RMR, 
while FFM and FM were not. Even if  BIA could not be 
completely reliable in our sample of  obese participants, 
an increased total body water content mirroring a higher 
FFM may explain the positive association with RMR, that 
is notably higher as FFM increases. 

Hence, the finding of  a positive association between 
RMR and TBW, in absence of  the same relation linking 
RMR and FFM, could be likely justified by the limited 
accuracy of  BIA for FFM and FM assessment in such an 
altered hydration status that is obesity.

Otherwise, we evaluated FFM as a unique compart-
ment, while growing evidence recognizes that FFM is en-
ergetically heterogeneous because it encompasses organs 
and tissues having a different metabolic rate[22]. 

Age did not show any correlation with RMR. Basal 
metabolism was shown to drop by 1%-2% per decade 
over the age of  20 to 75 years[23], and that aging process 
is accompanied by the apparent replacement of  a certain 
proportion of  MM by a gain in FM[24]. Actually, a poten-
tial reason for the inconsistency of  our findings may be 
that mean age of  our participants was lower than age of  
subjects in prior studies reporting an association between 
age and RMR[25]. 

Evaluating physical characteristics and the environ-
mental conditions of  the examination room, significant 
results were obtained only regarding BT. No significant 
results were obtained by the correlation analysis of  RMR 
with BP, HR, SpO2, MET, room humidity and atmo-
spheric air pressure. 

No significant correlation with RMR was found for 
the selected blood parameters, save for serum T4 levels. 
The other blood parameters did not show any significant 
effect on the RMR, but it is likely that a detection of  sig-
nificantly abnormal values was difficult, since most sub-
jects were on pharmacological therapy to maintain blood 
values in the normal range.

A wide spectrum of  evidence supports the involve-
ment of  thyroid hormone in mechanisms responsible for 
thermogenesis, affecting EE and basal metabolic rate[26]. 

Resting energy expenditure (REE) has been shown to 
be very sensitive to modulation by thyroid hormone[27].

In the present study higher T4 concentrations were 
associated with higher RMR. Although thyroid hormone 
concentration was within the normal range, a significant 
effect of  T4 concentration on RMR was however detect-
able. 19 subjects in the present study had hypothyroidism 
with no significant effect on metabolism, likely justified 
by levothyroxine chronic supplementation.

The effect of  smoking status on EE has been at the 
centre of  a number of  studies attempting to assess the 
relationship linking the smoking attitude or its cessation 
to BW fluctuations[28,29]. The acute or short- term effect 
of  cigarette smoking or nicotine leads to changes in me-
tabolism that imply an increase in total EE or in RMR 
in few studies[30,31], despite this hypothesis remains to be 
confirmed. Moreover, smoking effect has been found to 
be different in obese smokers when compared to lean 
smokers[32]. In our study, smokers were all obese, and their 
RMR was increased by 10.4% than non-smokers’ RMR. 
Mechanisms other than the direct influence on energy and 
metabolism may account for these results, as nicotine can 
affect appetite and sympathetic nervous system action. 

An aspect that strengthens our finding is that the pos-
itive correlation between smoking and RMR exists even 
after patients refrained from smoking at least 2 h before 
the examination, eliminating the very short-term nicotine 
effects.

Disorders and diseases as well as medicines did not 
show any significant correlation with RMR, save OSAS, 
IGT, and impaired glycaemic status (including IGT, 
T2DM, and hyperinsulinism), that were significantly cor-
related with RMR.
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In agreement with prior studies, we found that RMR 
was increased in OSAS obese subjects when compared to 
obese women without OSAS[33,34]. 

OSAS patients are usually obese, and abnormali-
ties in intrathoracic pressure lead to an increased work 
of  breathing, as well as frequent arousals and increased 
sympathetic activity, that may account for the increased 
EE[33,34].

Additionally, we found that RMR was significantly dif-
ferent in obese female subjects with an impaired glycemic 
status, when compared to their normoglycemic counter-
parts.

We considered subgroups including patients with 
IGT, diabetes mellitus, and hyperinsulinism, respectively, 
and subgroup analysis showed that RMR was significantly 
increased in patients with IGT or in whom with hyper-
insulinism, whereas only a trend toward higher values of  
RMR was observed in patients with diabetes mellitus; 
previous studies had demonstrated an increased RMR in 
diabetic patients, and several mechanisms were implicated 
to explain the increased EE, such as the activation of  
energy- consuming metabolic processes- gluconeogenesis 
and other substrate cycles- and an increased sympathetic 
nervous system activity. We have to stress that in the 
subgroup of  type 2 diabetic patients, those who were 
on metformin therapy were not considered separately, 
and it may account for the slight increase in RMR in the 
whole subgroup. Moreover, no significant difference has 
emerged from the comparison of  RMR between diabetic 
subjects treated with metformin and non-treated patients. 
Metformin is responsible for improved glycemic control, 
thus it may avoid overcoming metabolic adaptations of  
RMR that typically occur in T2DM[35]. Therefore, the 
significant association between increased RMR and IGT 
and the tendency toward a higher RMR in type 2 diabetic 
patients could be due to the common soil of  insulin 
resistance underlying the different aspects of  glucose 
abnormalities; on the other hand, just a little body of  evi-
dence is available at present investigating the relationship 
between insulin resistance and RMR[36].

Definitive conclusions may not be drawn. First, 
sample size was relatively small. Moreover, we studied a 
group of  white female subjects exclusively, and influence 
of  both gender and ethnicity on RMR has been widely 
recognized. 

It is noteworthy that 33 of  the 77 subjects, originally 
entering the study, failed to achieve the steady state crite-
rion for IC measurements, hence they were subsequently 
excluded. 

In stable, spontaneously breathing patients, like those 
evaluated in the present study, anxiety or hyperventilation 
have been frequently addressed to impact the achieve-
ment of  the steady state[37]. The failure in satisfying the 
steady state criterion could be attributable to the assump-
tion of  a very stringent definition of  steady state: less 
than 10% for changes in Vo2 and VCO2 over a period of  5 
min. In existing literature less rigorous steady state crite-
ria were applied, even if  a weaker strength of  correlation 

measurements with the 24-h REE was obtained when 
establishing a Vo2/Vco2 change by ≤ 15% or 20%. We 
adopted a more stringent definition of  steady state in or-
der to confer a higher accuracy to the results. We do not 
know if  obesity may represent a limitation for the satis-
faction of  a very strict steady state criterion, and similar 
data are lacking for obese population at present. 

In conclusion, the association among several anthro-
pometric, physical and environmental factors, as well as 
disorders, diseases, medications, smoking habit and RMR 
was explored. Although significant results emerged from 
the correlation analysis, showing that RMR was positively 
related to BW, BH, BMI, WC, MAC, MAMC, TBW, BT, 
serum T4 levels, levothyroxine and smoking, the reason 
for the significance was not always thoroughly clear, and 
it could be related to coincidental association within and 
between parameters, considering that RMR can range 
widely within a group of  people.

The precise identification of  factors influencing the 
RMR is not only an experimental concern, but it repre-
sents a real clinical challenge. IC is an important method 
allowing an individualized obese patient care. Defining 
factors interfering with RMR will be useful to maximize 
the beneficial effects deriving from a tailored therapeutic 
approach. Moreover it would prompt further research in 
order to address and to improve obesity management.
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