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A B S T R A C T 

Background and Objectives: Studies indicate over-estimation of basal metabolic rate (BMR) using common 

equations for the Asian people. The present study aims to develop new predictive equations for the Iranian people and to 

compare these equations with commonly used formulas. 

Materials and Methods: Total, 150healthy subjects aged 18-60 yrare invited to the Laboratory of Nutrition Research, 

National Nutrition and Food Technology Research Institute. Demographic data are gathered using a questionnaire. Then, 

anthropometric measures are taken and blood sampling is done for thyroid function tests. If the subject merits all the 

inclusion criteria, indirect calorimetry will be performed. The value of BMR will be predicted using common equations 

(Harris-Benedict, FAO/WHO/UNU, Miffilin). 

Differences between predicted (using equations) and measured (using indirect calorimetry) values are estimated. 

Correlations between the two sets of data is performed using Pearson or Spearman coefficients. Between-method 

agreement is checked using Bland-AltmanPlot. Accuracy of the predicted values using equations isconsidered as the 

proportion of participants whose calculated BMR is 90-110% of their measured BMR. Multiple regression analysis is 

employed to develop new predictive equations for the BMR based on the independent variables. 

Conclusions: Since facilities for the measurement of BMR may not be accessible in many clinical or research settings, 

BMR is usually estimated using predictive equations. However, several studies have reported inaccuracy of these 

equations for certain populations. Therefore, development of new population-specific predictive equations seems 

reasonable. These equations could hopefully reduce the energy estimation errors both in clinical nutritional interventions 

and community-based nutrition researches. 
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Introduction 

Basal metabolic rate (BMR), the minimum energy 

required for survival, comprises nearly 60% of the 

total energy requirement in a person with usual 

physical activity. BMR depends mostly on body 

composition (fat and fat-free masses) as well as 

gender, age and race (1). To determine BMR, direct 

and indirect calorimetrymay be used. The direct 

method needs sophisticated facilities and trained staff 

and is therefore used mostly in specialized research 

centers. The indirect method is commonly based on 

analysis of the inspired oxygen and expired carbon 

dioxide.Though indirect method is far less expensive 

and more feasible than direct method, its application 

is actually limited to some clinics and hospitals. 

Instead, in many clinical settings as well as 

epidemiologic studies, BMR is estimated using 

various equations (1). 

The predictive equations are usually based on the 

age, gender, height and weight of the participants. 

Harris-Benedict (2), Schofield (3), FAO/WHO/ UNU 

(4) and Mifflin (5) are the most commonly used 

formulas. Some studies have endorsed Mifflin 

equation as a more accurate estimation, compared to 

other equations (6) whereas a population-based study 

found Harris-Benedict more practical in Iranian 

community (7). In contrast, findings from several 
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studies revealed over-estimation of BMR using these 

equations for the Asian people (8-11). It has been 

suggested that BMR in Asian people could be 15-20% 

less than in European and American people (12-13). 

One of the factors affecting inter-racial differences in 

BMR includes differences in body compositions, 

notably percent of fat mass (FM) and lean body mass 

(LBM). Asian people, compared with their Caucasian 

counterparts, have more body fat and hence less LBM 

(14). 

This study aims to develop new predictive equations 

for the Iranian community and to compare them with 

commonly used equations namely Harris-Benedict, 

FAO/WHO/UNU and Mifflin-St. Jeor.  

Subject and Methods 

Calculation of sample size 

Sample size can be calculated based on the 

objectives of the study. 

Evaluation of between-method agreement 

Considering the standard deviation (SD) of 

differences between indirect calorimetry and Harris-

Benedict equation in the previous studies (15) which 

was ~244 kcal and using Bland-Altman for evaluation 

of method agreement (16), a total of 150 subjects 

could give a confidence interval of ±68 kcal for upper 

and lower limits of the agreement range. 

Development of regression models 

According to the previous studies (17),with three 

independent variables and R2= (at least) 0.5, a total of 

130 subjects will be needed. 

Altogether, at most 150 subjects will be needed. 

Study protocol 

Healthy adult subjects aged 18–60 years of old are 

invited to the Laboratory of Nutrition Research, 

National Nutrition and Food Technology Research 

Institute, Tehran, Iran. A comprehensive explanation 

of the study protocol and its objectives is given to the 

participants before they sign an informed written 

consent. Demographic data are gathered using 

questionnaires and face-to-face interviews. Then, 

anthropometric measures are taken and blood 

sampling is done for thyroid function tests. If the 

subject merits all the inclusion criteria, indirect 

calorimetry will be performed.  

Subjects 

Apparently healthy adults who meet the following 

inclusion criteria: 

(a) Aged 18-90 yrs 

(b) Normal thyroid function 

(c) Not pregnant, lactating or menses at the time of 

assessments 

(d) Not having clinical diseases including endocrine, 

cardiac, renal, hepatic and malignant diseases 

(e) Not using medications affecting BMR including 

drugs used for cardiac and endocrine disorders  as 

well chemotherapeutic agents 

(f) The subject should not be a professional athlete 

Assessments 

(a) Demographic data 

Demographic data are collected by a trained nutritionist 

using face-to-face interviews and questionnaires. 

(b) Anthropometric measurements. 

Weight is measured with light clothing and without 

shoes using a digital scale (Seca 808; Seca, Hamburg, 

Germany) to the nearest of 0.1 kg. Height is measured 

using a stadiometer (Seca 216, Seca, Hamburg, 

Germany) to the nearest of 0.1 cm. Body mass index 

(BMI) is calculated using the equation body weight 

(kg)/height
2
 (m). Categorization of the participants 

based on BMI is as: underweight:< 18.4 kg/m
2
; 

normal weight: 18.5-24.9 kg/m
2
; overweight: 25.0-

29.9 kg/m
2
; and obese > 30.0 kg/m

2
. Waist 

circumference (WC) and hip circumference (HC) and 

were both measured using a measuring tape to the 

nearest 0.1 cm. 

(c) Body composition analysis 

Total body compositionanalysis is done using 

bioelectrical impedance analysis (BIA) system 

(Quadscan 4000, Bodystat, Isle of Man, UK) whereas 

truncal and visceral fat analysis is performed by 

applyingViscan(AB140, Tanita, Tokyo, Japan). 

(d) Laboratory investigations 

Blood sampling and handling. After an overnight 

fasting, 10 mL venous blood is taken from each 

participant. Blood samples kept for 30-45 min at 

room temperature (RT) are centrifuged at 800 gat RT 

for 30 min. Sera are recovered, aliquoted in fresh 

microtubes and kept at -80ºC until the day of analysis. 

Thyroid function tests. Serum concentrations of 

thyroid stimulating hormone (TSH), free thyroxin 

(fT4; both from PishtazTeb, Tehran, Iran) and anti-

thyroid peroxidase antibody (anti-TPO-Ab; 

Aeskulisa, Wendelsheim, Germany) are determined 

using enzyme immunoassay (EIA) commercial kits. 

The pre-defined normal ranges are as following: 

TSH: 0.32-5.2 mIU/L 
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Anti-TPO-Ab: Normal < 40 IU/mL, Equivocal 40-60 

IU/mL, Positive > 60 IU/mL 

fT4: 0.7-1.8 ng/dL 

In this study, participants with high levels of anti-

TPO (up to 500 IU/mL) but normal TSH and fT4 are 

considered as euthyroid. However, participants with 

deranged TSH and/or fT4 with or without 

concomitant above normal range anti-TPO levels are 

excluded(18-19).    

(e) Indirect calorimetry 

Indirect calorimetry is performed using respiratory 

gas analyzer (Fitmate pro, Cosmed, Rome, Italy) at 

RT while the subject is 12 hr fasting and lies down. 

Statistical analyses 

Mean and standard deviation (SD) are used to 

describe quantitative data while absolute and relative 

frequencies were applied for qualitative variables. 

Normality of data distribution is evaluated using 

Shapiro-Wilk test. Differences between the predicted 

(using equations) and measured (using indirect 

calorimetry) values are estimated. Evaluation of 

correlation between the two sets of data is performed 

by Pearson (r; for data with normal distribution) or 

Spearman (rs; for data with non-normal distribution) 

equations. Between-method agreement is checked by 

Bland-Altman. Percent of bias of all equations 

compared to measured value will be calculated. 

Accuracy of predicted values using equations is 

considered as the proportion of the subjects whose 

calculated BMR is 90-110% of their measured BMR. 

Multiple regression analysis is employed to develop 

new predictive equations for BMR based on 

independent variables (age, gender, weight and 

height). In this study p<0.05 is considered as 

statistically significant. All statistical analyses are 

performed by using Statistical Package for Social 

Science (SPSS version 21; SPSS Inc, Chicago, IL). 

Discussion 

Successful nutritional interventions involve 

accurate prediction of energy requirement. As the 

facilities to measure BMR may not be accessible or 

applicable in many clinical or research settings, BMR 

is usually estimated using predictive equations. 

However, several studies have reported inaccuracy of 

these equations for certain populations (1, 13, 20-22). 

Body composition and more specifically percent of 

FM and LBM are among the determinants of RMR 

(23-24) and body composition may differ in various 

ethnicities (25). Development of new population-

specific predictive equations, therefore, seems 

plausible. These equations could hopefully reduce the 

energy estimation errors both in clinical nutritional 

intervention and community-based nutrition research. 
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