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Abstract

Background and Aims: Resting metabolic rate (RMR) is important to estimate energy
requirements. Our aim was to investigate the RMR in newly diagnosed type 2 diabetic
(T2DM) patients with metabolic syndrome (MS) in relation with obesity, gender, some
adipokines and insulin resistance parameters. Material and Methods: 138 newly
diagnosed T2DM adults were evaluated for anthropometric, clinical, biochemical
parameters, and RMR. The group was subdivided according to body mass index and MS
presence. Results: Determined RMR (RMRd), predicted RMR (RMRp), oxygen
consumption and carbon dioxide production at rest were significantly lower for subjects
with BMI<30 kg/m® compared to subjects with BMI>30 kg/m* (p<0.001). RMRd
positively correlated with fat-free mass (p < 0.001), waist (p < 0.001), BMI (p < 0.001),
insulinemia (p = 0.021) and negatively with age (p < 0.001) and adiponectin (p = 0.027).
The percent of determined from predicted RMR in subjects with MS was lower than in
those without MS, but only for men (p<0.005). Conclusions: Subjects with T2DM and MS
have significantly lower than predicted RMR, compared to those without MS, indicating
that they may have an energy sparing metabolism. Gender influences the energy
metabolism and may play a particular role in energy the metabolism of people with
T2DM and MS.
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the world. For example, in the United States of

Background and Aims America about one-third of the adult population

Although obesity prevalence data vary with
the methods chosen for evaluation, gender, race
and socio-economic aspects, the epidemiological
studies from the last decades showed that the
prevalence of overweight and obesity has
reached epidemic proportions in many parts of

is obese [1]. Increasing prevalence of obesity is
accompanied by increased prevalence of obesity-
related metabolic and cardiovascular
comorbidities such as metabolic syndrome (MS),
dyslipidemia, type 2 diabetes (T2DM),
hypertension, ischemic heart disease, and stroke
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[2]. Data released in 2011 by the International
Federation of Diabetes showed that 366 million
people had diabetes and that by 2030 the number
will increase to 552 million [3]. Cases of T2DM
represent more than 85% of cases and the
highest number of people with diabetes belongs
to the 40 to 59 age group [3].

Obesity is caused by a combination of
genetic  predisposition and environmental
factors. An excessive energy intake, unbalanced
with the real needs, and a sedentary lifestyle are
well recognized and studied causes of obesity
[4]. Apart from these well known factors,
differences in energy metabolism may also play
a role in predisposition to excess adiposity and
may be an important factor in the etiology of
obesity and its associated comorbidities like MS
and T2DM. Resting metabolic rate (RMR)
represents the energy needed in order to
maintain the vital functions and reflects the
energy consumed by the organs and skeletal
muscle mass [5]. RMR represents the main
component of energy requirements and accounts
for 65-70% of the total energy expenditure in
sedentary adults. The main method to measure
the RMR is indirect calorimetry. Oxygen
consumption (VO,;) and carbon dioxide
production (VCO,) are measured in order to
calculate the metabolic rate. Between RMR and
the mitochondrial function there is a close
relationship [6]. RMR is mainly influenced by
the muscle mass, but it also varies with age,
gender, some genetic traits [7], fat mass, disease
status, and level of circulating hormones [8]. A
low RMR was indicated as a risk factor for
weight gain [9,10]. In T2DM patients, there are
studies that reported higher resting metabolic
rates when compared with non-diabetic subjects
[11-15]. There are also studies which reported
that MS is characterized by a low resting
metabolic rate, at least in some subjects [16-17].
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The aim of our study was to investigate the
RMR in newly diagnosed T2DM patients
stratified according to gender, weight status or
on the basis of presence or absence of MS in
order to better characterize the variation of RMR
in this population. We also evaluated RMR
among these patients in relation to some
parameters of insulin resistance and some
adipokines. Our study population represents a
very interesting one because at the moment of
diagnosis T2DM subjects had various degree of
hyperglycemia and they were not receiving any
antidiabetic treatment.

Material and Methods

The study was cross-sectional, including 138
adults newly diagnosed with T2DM, from the
specialized diabetes outpatient clinic of the
National Institute of Diabetes, Nutrition and
Metabolic Diseases (NIDNMD) “Prof. N.C.
Paulescu”. The subjects were referred to the
diabetes clinic by their general practitioners, by
other specialists or by self referral.

Inclusion criteria for the study were: age
between 35 and 85 years old and a recent
diagnosis of T2DM (less than 6 months). The
diagnosis of diabetes mellitus was established
using the American Diabetes Association (ADA)
[18] and World Health Organization (WHO)
definition [19,20]: plasma glucose > 7.0mmol/l
(126mg/dl), or 2-h plasma glucose on oral
glucose tolerance test (OGTT) > 11.1mmol/l
(200mg/dl), or an HbA;. > 6.5% (using a
method that is NGSP (National
Glycohemoglobin  Standardisation  Program)
certified and standardized to the DCCT
(Diabetes Control and Complications Trial)
assay) or a random plasma glucose > 200 mg/dL
(11.1 mmol/L) in patients presenting classical
symptoms of hyperglycemia such as polyuria,
polyphagia, polydipsia and weight loss. Subjects
were not following any special medical diet or
taking antidiabetic medication.
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In order to establish the diagnosis of MS we
used latest published consensus definition [21]
according to which three or more of the
following criteria must be met: (i) abdominal
obesity: increased waist circumference (using
the AHA/NHLBI recommended cut points of
>102 cm for men and >88 cm for women), (ii)
elevated triglycerides: >150 mg/dL or specific
treatment for this lipid abnormality, (iii)
decreased HDL-cholesterol: <40 mg/dL in men,
<50 mg/dL in women, or specific treatment for
this lipid abnormality, (iv) increased blood
pressure systolic >130 and/or diastolic >85 mm
Hg, or antihypertensive drug treatment in
patients with history of hypertension, and (v)
increased fasting glucose > 100 mg/dL, or drug
treatment for diabetes. All of our patients had
diabetes so they had one component of the
syndrome.

Exclusion criteria were: type 1 diabetes,
symptoms or signs of acute or chronic infection,

significant pulmonary disease, malignancies,
chronic liver disease, excessive alcohol
consumption, epilepsy or other severe

neurological diseases, chronic renal disease with
an eGFR lower than 60 ml/min/1.73 m?.

The approval of the Ethics Committee of
NIDNMD “Prof. N.C. Paulescu” for the study
protocol was obtained. Each participant signed
an informed consent before inclusion into the

study.
Data  regarding lifestyle  (including
smoking), family history, personal medical

history, and concomitant medication were noted.
Weight (in light clothing) and height (barefoot)
were measured using a standardized height and
weight scales. Body mass index (BMI) was
calculated as weight (in kilograms)/height (in
meters?). The waist circumference was measured
with the subject standing, at mid distance
between the lowest rib and the iliac crest, at the
end of normal expiration. The blood pressure
was determined in sitting position. Fat mass, fat-
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free mass and visceral fat were estimated using a
resistometric evaluation (body composition
analyzer MC-980 from TANITA).

Blood samples were obtained in the
morning, after 8-10 hours of fasting. The
concentration of fasting glucose (mg/dL),
glycated hemoglobin  (HbAi) (%), total
cholesterol (mg/dL), high density cholesterol
(HDL-chol; mg/dL), total triglycerides (mg/dL),
urea (mg/dL), creatinine (mg/dL), uric acid
(mg/dL) were measured using  current
biochemical methods (Hospitex Diagnostincs
Eos Bravo Forte Analyser). Low density
cholesterol (LDL-chol) was calculated using the
Friedewald formula [22]. Serum concentrations
of insulin, proinsulin, C peptide, leptin and
adiponectin were determined by ELISA method
(Multiskan Ex-Thermo Electro Corporation)
using commercially available kits (EIA-2935,
EIA-1560, EIA-1293, EIA-2395 and EIA-4177;
DRG Instruments, Germany) following the
manufacturer’s guidelines. HOMA-IR
(Homeostasis Model Asessment for Insulin
Resistance) was determined as [glycemia (mmol
/L) x insulinemia (uU / mL)]: 22.5 [23].

RMR was determined by indirect
calorimetry, using an automated metabolic
measurement system (Cosmed Quark CPET;
Rome, Italy), according to manufacturer's
specifications, in the same morning, also in
fasting condition. Data (oxygen consumption —
VO, and carbon dioxide production — VCO,)
were collected and analyzed over a 20 min
interval, after an initial period of 10 min used for
habituation only, in standardized medium
conditions (temperature, humidity, noise and
body position) that were maintained constant
during the test. “Predicted RMR” was calculated
according to the Harris Benedict equations [24].
The Weir equation was used to calculate resting
metabolic rate, as follows: RMR (kcal/day) =
[3.941(VO, (ml/min)) + 1.11(VCO, (ml/min))]
1.44 [25,26].
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Statistical analysis was performed with Epi
Info 7.1.0.6 statistical software (Centre for
Disease Control, Atlanta). First we realized a
descriptive analysis of the variables. The
population clinical and biochemical
characteristics were presented as mean =+
standard deviation. Categorical variables values
were compared between women and men,
different categories of BMI, and between those
with or without the MS by using Chi Square test.
A p value of < 0.05 was considered to indicate a
significant difference. Pearson’s correlation was
used to establish association between the
analyzed parameters.

Results

Overall the study group included 138
subjects (66 females and 72 males). The mean

BMI for studied subjects was 30.97 kg/m?
55.8% of them being obese, most of them with
BMI within 30 to 34.9 kg/m® range. According
to BMI, the study subjects were divided into
normal eight and overweight subjects (group 1),
respectively obese subjects (group 2). A total of
84.8 % of studied patients fulfilled the criteria
necessary for the diagnosis of metabolic
syndrome, 66 being women and 72 men, most of
them having 3 (35.5%) or 4 traits of MS
(26.8%). After diabetes (present in all our
patients), the decreasing frequency of the MS
components was: increased waist circumference
(82.6%), high blood pressure (73.9%), low
HDL-cholesterol (57.2%), and increased levels
of triglycerides (40.6%).

Table 1. Main clinical characteristics of the study subjects divided according to BMI.

All subjects Group 1 Group 2 p-value
(n=138) BMI <30 kg/m? BMI >30 kg/m? between
(n=61) (n=77) groups

Age (years) 59.12+10.2 59.87 £10.23 58.52+10.21 NS
Waist (cm) 105.45+£10.66 98.00 +9.31 111.35+7.53 <0.001
SBP (mmHg) 131.05+12.60 129.43 + 14.05 132.34 £ 11.25 NS
DBP (mmHg) 74.68 +7.49 72.72 +7.93 76.23 £ 6.79 <0.05
Glycemia (mg/dL) 177.77 £65.5 188.39 £ 77.51 169.35+53.22 NS
HbA,. (%) 7.92+1.94 8.25+2.35 7.65+ 1.50 NS
Total cholesterol 212.61 +50.33 215.71 +£52.80 210.15+48.48 NS
(mg/dL)
HDL- cholesterol 4429 +12.14 45.11+11.92 43.65+12.35 NS
(mg/dL)
Triglycerides (mg/dL) 169.42 +101.47 165.47+110.42 172.55+94.41 NS
LDL - cholesterol 134.85 £ 45.54 136.98 + 46.24 133.16 £45.23 NS
(mg/dL)
AST (U/mL) 22.20+£9.72 21.31+10.13 22.89+£9.41 NS
ALT (U/mL) 29.27 +17.07 25.69+15.62 32.02+17.72 < 0.05
Uric Acid (mg/dL) 5.32+1.69 4.99 +1.58 559+ 1.74 < 0.05
GGT (U/mL) 40.77 £ 28.36 36.18+21.94 44.40 + 32.24 NS
Insulin (uIU/mL) 14.58 £11.04 11.25+5.83 17.21+13.30 <0.001
HOMA - IR 6.73+£9.01 5.08+3.17 8.04+11.59 < 0.05
C-peptide (ng/dL) 4.66 +3.02 4.19+3.39 5.04 £2.67 NS
Leptin (ng/mL) 17.07 £15.26 9.22+£8.33 23.28 £ 16.63 <0.001
Adiponectin (ng/mL) 7.73+7.61 8.05+6.59 7.47+8.36 NS

Results are presented as mean values + standard deviation. NS — not significat. SBP — systolic blood pressure; DBP —
diastolic blood pressure; AST — aspartat aminotransferase; ALT - alanin aminotransferase; GGT — gama

glutamiltransferase.

The main anthropometric, clinical and
biochemical characteristics of the study subjects

(comparatively for the whole study group,
normal weight/overweight and obese subjects)
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are reported in Table1 as means + standard
deviation (SD). Obese subjects had higher values
for fat mass (FM, kg) (38.43 £ 7.02 vs. 31.84 +
7.6, p <0.001), and also for fat-free mass (FFM,

Table 2. Resting metabolic rate and other calorimetry data in the study subjects divided according to BMI.

kg) (52.29 £+ 12.45 vs. 47.70 £ 11.17 p=0.024)
than non-obese subjects. Obese subjects had
higher insulin levels and were more insulin
resistant than subjects in group 1.

All subjects Group 1 Group 2 p-value
(n=138) BMI <30 kg/m? BMI >30 kg/m? between
(n=61) (n=77) groups
RMRd (kcal/day) 1569.34 +321.40 1463.66 +251.11 1653.06 + 346.93 <0.001
RMRp (kcal/day) 1635.81 +273.58 1523.92 + 228.67 1724.45 +275.00 <0.001
RMR/FFM (kcal/kg) 32.70+£9.76 31.90 +7.62 33.33+11.17 NS
RMRd - RMRp -65.80 £205.27 -58.75+164.64 -71.39£233.42 NS
VO, rest (ml/min) 228.08 +£46.69 213.31 £36.66 239.78 £ 50.54 <0.001
VCO; rest (ml/min) 182.43 +39.89 168.20 +£30.85 193.71 £42.72 <0.001
RQ 0.80+ 0.06 0.78 £0.05 0.80+0.07 NS

Results are presented as mean values + standard deviation. NS — not significat.
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free mass (RMR/FFM), oxygen consumption
(VOy) at rest, carbon dioxide production (VCO,)
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at rest and respiratory quotient (RQ -
VCO,/VO,) are presented in Table 2, for all
subjects and for the two analyzed groups. Mean
values for determined RMR were significantly
lower than mean predicted RMR values for all
patients (p < 0.001). 45.7% of the subjects had a
determined RMR value lower than predicted
RMR, with no significant differences between
various BMI categories. Both predicted and
determined RMR absolute values were
statistically significant higher among obese
patients than in patients with a BMI < 30 kg/m?,
but the difference was not maintained when
RMR was adjusted for fat-free mass.

In newly diagnosed T2DM patients, the
determined RMR correlated strongly with fat-
free mass (r = 0.516, p < 0.001), waist
circumference (r = 0.455, p < 0.001), BMI (r =
0.342, p < 0.001), and to a lesser degree to fat
mass (r = 0.219, p 0.01) as shown in Figure 1.

A negative correlation of RMR was found
with age (r = -0.463, p < 0.001). The oldest
patients (aged 70-80 years) had the lowest RMR
1369.50 + 213.25 kcal/day, significantly
different (p < 0.001) from the youngest patients
(aged 35-40 years) (2058.83 + 248.74 kcal/day).
Men had higher RMR than women (1724.13 +
308.10 vs. 1400.48 + 241.96 kcal/day, p <
0.001). We also noticed other statistically
significant correlations between RMR and
insulinemia (r = 0.197, p 0.021) and adiponectin
(r =-0.188 p 0.027). No correlations were found
for C-peptide, HOMA-IR or leptin.

We further analyzed our T2DM patients
according to the presence or absence of MS. The
differences in anthropometric, clinical and
biochemical characteristics between T2DM
patients with (MS+) or without (MS-) MS are
presented in Table 3.

Table 3. Anthropometric, clinical and biochemical characteristic of newly diagnosed T2DM subjects

according to the presence or absence of metabolic syndrome.

All subjects MS- group MS+ group p-value
(n=138) (n=21) (n=117) between
groups

Age (years) 59.12+10.2 56.29+£9.74 59.62 +10.24 NS
Waist (cm) 105.45 +£10.66 96.00+11.70 107.15+9.57 <0.001
BMI (kg/m®) 30.98 +4.50 26.72 £2.60 31.74 + 4.34 <0.001
SBP (mmHg) 131.05+£12.60 127.62+ 12.20 131.67 + 12.62 NS
DBP (mmHg) 74.68 +7.49 70.52+ 9.34 7543+ 6.90 < 0.05
Glycemia (mg/dL) 177.77 £65.5 178.50 +53.92 177.63 £ 67.59 NS
HbA,. (%) 7.92+1.94 7.81+1.70 7.93+1.98 NS
Total cholesterol 212.61 £50.33 216.76 +34.13 211.86 +52.79 NS
(mg/dL)
HDL- cholesterol 44.29+12.14 51.67+10.19 42.97 £12.02 <0.001
(mg/dL)
Triglycerides (mg/dL) 169.42 +101.47 114.24 +74.73 179.32 £102.70 <0.001
LDL - cholesterol 134.85 £ 45.54 142.23 £ 28.66 133.44 £ 48.07 NS
(mg/dL)
AST (U/mL) 22.20+£9.72 18.38 £5.50 22.90+10.17 <0.05
ALT (U/mL) 29.27+£17.07 23.65+15.16 30.30+17.26 NS
Uric Acid (mg/dL) 5.32+1.69 433+1.27 5.50+1.70 <0.05
GGT (U/mL) 40.77 £28.36 29.92+13.11 42.72£29.92 <0.05
Insulin (uIU/mL) 14.58 £11.04 9.30+3.90 15.52+£11.64 <0.001
HOMA - IR 6.73 £9.01 4.05+1.97 7.21+£9.67 <0.05
C-peptide (ng/dL) 4.66 +3.02 3.354+2.17 4.90 +3.09 <0.05
Leptin (ng/mL) 17.07 +15.26 6.21 +4.87 19.02 +15.68 <0.001
Adiponectin (ng/mL) 7.73+7.61 7.51£5.46 7.77+7.95 NS
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Results are presented as mean values + standard deviation. NS — not significant.
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We further analyzed the influence of gender
on different traits in patients with / without MS.
In men we found significant differences for the
same parameters as in the whole studied group.
In women the differences remained almost the
same, with the exception of diastolic blood
pressure which was no longer significantly

different and of ALT which presented
significantly higher values in MS+ patients
(27.77 £ 17.81 vs. 16.87 £ 4.64; p < 0.001).

RMR and gases exchanges in all subjects
and separately for women and men were
examined according to presence or absence of
MS and the results are presented in Table 4.

Table 4. Resting metabolic rate and other calorimetry data in patients with (MS+) or without (MS-) metabolic syndrome.

All subjects Women Men
(n=138) (n=66) (n=72)
MS - MS + MS - MS+ MS - MS+
RMRd (kcal/day) 1573.14+ 1568.66 + 1358.63 + 1406.26 + 1705.15 + 172831 +
242.68 334.42 197.44 248.38 160.81 332.79
RMRp (kcal/day)  1543.05+ 1651.5 6 1364.88 + 1449.67 + 1660.77°+ 1850.03% +
203.20 282.19 134.95 161.79 148.52 22958
RMR/FEM 3124 £379 3296+ 1046 33.16£3.77  33.82+9.61  30.06+3.42 32.11+11.25
(kcal/kg)
RMRd - RMRp 29.48% & -82.91%+ 625+119.24 4341+ 51.46° = -121.73% =
140.09 210.81 193.82 151.79 221.06
VO, rest (ml/min) 23033+ 227.68 % 199.13 + 20421 + 249.54+22.46  250.75 +£48.62
34.98 48.61 28.86 35.93
VCO, rest 178.00 + 183.23 + 153.00 + 164.10 + 193.38+23.84  202.03 +40.55
(ml/min) 30.53 4141 23.15 32.83
RQ 0.77* £0.04 0.80**+0.07 076°£003  0.80°+0.07  077%+ 005  0.80%+ 0.06

Significant differences between MS-/MS+ patients *p < 0.05; **p < 0.005.
Significant differences between women MS-/MS+ * p < 0.05.
Significant differences between men MS-/MS+ * p < 0.005; * p < 0.05.
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Figure 2. The percent of determined RMR from predicted RMR (PP-RMR) in T2DM patients with or without MS.

We calculated the percent represented by
determined RMR from predicted RMR,
abbreviating this parameter as PP-RMR. We
found that the subjects with MS had lower PP-
RMR than the subjects without the syndrome (p
< 0.005) as shown in Figure 2. The difference
was statistically significant for men (p < 0.005)
but not for women.
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Discussions

This study investigated 138 newly diagnosed
T2DM subjects that were divided into subgroups
according either to their body mass index (BMI
< 30 vs. BMI > 30 kg/m®) or to the presence
(MS+) or absence (MS-) of the metabolic
syndrome. Measurement of energy expenditure
by RMR is the main element to estimate the
energy requirements. Insulin resistance [27],
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increased gluconeogenesis [28], increased
sympatethic activity [29], altered free fatty acids
metabolism or stimulation of mitochondrial
uncoupling proteins [12,13], and abnormal
protein metabolism [30] are some possible
explanations for abnormal metabolic reactions in
subjects with T2DM. There are consistent results
describing higher resting metabolic rates in
T2DM patients [11-15] when compared with
non-diabetic subjects. We therefore examined
RMR in newly diagnosed T2DM patients and we
found strong correlations between RMR and fat-
free mass, and also for clinical anthropometric
measurements like waist circumference or BMI,
that can easier be determined in daily clinical
practice. We established a weaker correlation
with total fat mass. Age has a significant
negative effect on RMR, older patients having
lower RMR. This variation with age was
described to be independent of any age-related
changes in body composition [8]. Our results
also showed that gender influences RMR, men
having higher RMR than women.

Obesity is associated with insulin resistance
and T2DM [31], production of proinflammatory
cytokines by hypertrophic adipocytes being
thought to represent the link between them [32].
We found a significant negative correlation
between serum adiponectin, an antiinflammatory
cytokine and RMR, as also described by others
[33], and interpreted to be a mechanism of
protection against obesity associated disorders.
However, consistent with other reports [8,34],
our study did not show a correlation between
leptin, a proinflammatory cytokine, and RMR.
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supporting the idea that gender may also play a
role in energy metabolism of people with T2DM
and MS. Our results indicate that T2DM patients
with  MS may have an energy sparing
metabolism, in accordance with other similar
findings in obese subjects with MS [16].

Conclusions

Our results show that in newly diagnosed
T2DM patients determined and predicted RMR
are associated to obesity degree. Subjects with
T2DM and MS have significantly lower
determined than predicted RMR compared to
those without MS, indicating they may have an
energy sparing metabolism. Gender influences
the energy metabolism and may play a particular
role in the energy metabolism of people with
T2DM and MS.

Acknowledgements & Duality of interest:
This work was supported by a grant of the
Romanian National Authority for Scientific
Research, CNCS-UEFISCDI, project number
PN-II-ID-PCE-2011-3-0429. We are grateful to
acknowledge for excellent technical assistance to
Manuela Mitu and Janeta Tudosoiu from the
research laboratory of NIDNMD “Prof. N.
Paulescu”. Dr. Carniciu Simona also
acknowledges POSDRU 107/1.5/S/82839. Dr.
Cristian Guja acknowledges he is currently the
Managing-Editor of Romanian Journal of
Diabetes, Nutrition and Metabolic Diseases.

1. Flegal KM, Carroll MD, Kit BK, Ogden CL.
Prevalence of obesity and trends in the distribution of
body mass index among US adults, 1999-2010. JAMA
307: 491-497, 2012.

200

2. Tchernof A, Després JP. Pathophysi-ology of
human visceral obesity: an update. Physiol Rev 93: 359-
404, 2013.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 21 / no. 3/ 2014



http://www.ncbi.nlm.nih.gov/pubmed?term=Flegal%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=22253363
http://www.ncbi.nlm.nih.gov/pubmed?term=Carroll%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=22253363
http://www.ncbi.nlm.nih.gov/pubmed?term=Kit%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=22253363
http://www.ncbi.nlm.nih.gov/pubmed?term=Tchernof%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23303913
http://www.ncbi.nlm.nih.gov/pubmed?term=Despr%C3%A9s%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23303913
http://www.ncbi.nlm.nih.gov/pubmed/23303913

3. International Diabetes Federation. The global
burden. IDF Diabetes Atlas, 5th edn. Brussels, Belgium.
Accessed on 07 January 2013 at:
http://www.idf.org/diabetesatlas/5e/the-global-burden

4. *** Report of a WHO consultation on obesity
Obesity — preventing and managing the global epidemic.,
Geneva, 3-5 June 1997. Geneva: World Health
Organization, 1998. Accessed on 02 June 2014 at:
http://apps.who.int/iris/handle/10665/63854.

5. Javed F, He Q, Davidson LE et al. Brain and
high metabolic rate organ mass: contributions to resting
energy expenditure beyond fat-free mass. Am J Clin Nutr
91: 907-912, 2010.

6. Larsen FJ, Schiffer TA, Sahlin K, Ekblom B,
Weitzberg W, Lundberg JO. Mitochondrial oxygen
affinity predicts basal metabolic rate in humans. FASEB J
25:2843-2852, 2011.

7. Bouchard C, Tremblay A, Nadeau A et al.
Genetic effect in resting and exercise metabolic rates.
Metabolism 38: 364-370, 1989.

8. Johnstone AM, Murison SD, Duncan JS, Rance
KA, Speakman JR. Factors influencing variation in basal
metabolic rate include fat-free mass, fat mass, age, and
circulating thyroxine but not sex, circulating leptin, or
triiodothyronine. Am J Clin Nutr 82: 941-948, 2005.

9. Ravussin E, Lilliocja S, Knowler WC et al.
Reduced rate of energy expenditure as a risk factor for
body-weight gain. N Engl J Med 318: 467472, 1988.

10. Buscemi S, Verga S, Caimi G, Cerasola G. Low
relative resting metabolic rate and body weight gain in
adult Caucasian Italians. Int J Obesity (Lond) 29: 287-291,
2005.

11. Fontvieille AM, Lillioja S, Ferraro RT, Schulz
LO, Rising R, Ravussin E. Twenty-four-hour energy
expenditure in Pima Indians with type 2 (nhon-
insulindependent) diabetes mellitus. Diabetologia 35:
753-759, 1992

12. Weyer C, Bogardus C, Pratley RE. Metabolic
factors contributing to increased resting metabolic rate and
decreased insulin-induced thermogenesis during the
development of type 2 diabetes. Diabetes 48: 1607-1614,
1999.

13. Bitz C, Toubro S, Larsen TM et al. Increased
24-h energy expenditure in type 2 diabetes. Diabetes Care
27: 2416-2421, 2004.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / VVol. 21 / no. 3/ 2014

14. Miyake R, Ohkawara K, Ishikawa-Takata K,
Morita A, Watanabe S, Tanaka S. Obese Japanese
adults with type 2 diabetes have higher basal metabolic
rates than non-diabetic adults. J Nutr Sci Vitaminol
(Tokyo) 57: 348-354, 2011.

15. Alawad A, Merghani TH, Ballal MA. Resting
metabolic rate in obese diabetic and obese non-diabetic
subjects and its relation to glycaemic control. BMC Res
Notes 6: 382, 2013.

16. Buscemi S, Verga S, Caimi G, Cerasola G. A
low resting metabolic rate is associated with metabolic
syndrome. Clin Nutr 26: 806—809, 2007.

17. Soares MJ, Cummings NK, Ping-Delfos WL.
Energy metabolism and the metabolic syndrome: Does a
lower basal metabolic rate signal recovery following
weight loss? Diabetes Metab Syndr 5: 98-101, 2011.

18. American Diabetes Association. Standards of
medical care in diabetes 2014. Diabetes Care 37[Suppl.
1]: S14 -S80, 2014.

19. *** Definition and diagnosis of diabetes mellitus
and intermediate hyperglycaemia: report of a WHO/IDF
consultation. Geneva, World Health Organisation, 2006.
Accessed on 02 June 2014 at: http://www.who.int/
diabetes/publications/diagnosis_diabetes2006/en/

20. *** Use of Glycated Haemoglobin (HbAy) in the
Diagnosis of Diabetes Mellitus. Geneva, World Health
Organisation, 2011. Accessed on 02 June 2014 at:
http://www.who.int/diabetes/publications/report-
hbalc 2011.pdf

21. Alberti KGMM, Eckel RH, Grundy SM et al.
Harmonizing the Metabolic Syndrome. A joint interim
statement of the International Diabetes Federation Task
Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association;
World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of
Obesity. Circulation 120: 1640-1645, 2009.

22. Friedewald WT, Levy RT, Fredrickson DS.
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem 18: 499-502, 1972.

23. Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC. Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 28: 412-419, 1985.

201



http://www.idf.org/diabetesatlas/5e/the-global-burden
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf

24. Harris JA, Benedict FG. A biometric study of
basal metabolism in man. Proc Natl Acad Sci U S A 4.
370-373, 1918.

25. Weir JB. New methods for calculating metabolic
rate with special reference to protein metabolism. J
Physiol 109: 1-9, 1949.

26. Mansell PI, Macdonald IA. Reappraisal of the
Weir equation for calculation of metabolic rate. Am J
Physiol 258(6 Pt 2): R1347-R1354, 1990.

27. Petersen KF, Dufour S, Befroy D, Garcia R,
Shulman GI. Impaired mitochondrial activity in the
insulin-resistant offspring of patients with type 2 diabetes.
N Engl J Med 350: 664-671, 2004.

28. Franssila-Kallunki A, Groop L. Factors
associated with basal metabolic rate in patients with type 2
(non-insulin-dependent) diabetes mellitus. Diabetologia
35: 962966, 1992.

29. Huggett RJ, Scott EM, Gilbey SG, Stoker JB,
Mackintosh AF, Mary DA. Impact of type 2 diabetes
mellitus on  sympathetic neural mechanisms in
hypertension. Circulation 108: 3097-3101, 2003.

202

30. Gougeon R, Pencharz PB, Marliss EB. Effect of
NIDDM on the kinetics of whole-body protein
metabolism. Diabetes 43: 318-328, 1994.

31. Shoelson SE, Herrero L, Naaz A. Obesity,
inflammation, and insulin resistance, Gastroenterology
132: 2169-2180, 2007.

32. Yang RZ, Lee MJ, Hu H et al. Acute-phase
serum amyloid A: an inflammatory adipokine and
potential link between obesity and its metabolic
complications. PloS Med 3: €287, 2006.

33. Ruige JB, Ballaux DP, Funahashi T, Mertens
IL, Matsuzawa Y, Van Gaal LF. Resting metabolic rate
is an important predictor of serum adiponectin
concentrations: potential implications for obesity-related
disorders. Am J Clin Nutr 82: 21-25, 2005.

34. Roberts SB, Nicholson M, Staten M et al.
Relationship between circulating leptin and energy
expenditure in adult men and women aged 18 years to 81
years. Obes Res 5: 459-463, 1997.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 21 / no. 3/ 2014



http://www.ncbi.nlm.nih.gov/pubmed?term=Ruige%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Ballaux%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Funahashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Mertens%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Mertens%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuzawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Gaal%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=16002795
http://www.ncbi.nlm.nih.gov/pubmed/16002795

