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Abstract 
Background: Obesity is introduced as one of the chronic diseases 
in most of the countries. In fact, 75 to 80% of obese youngsters will 
remain obese in adulthood. This study as a novel one was conducted 
to evaluate the possible association between the age at onset of obesity 
and body composition as well as Resting Metabolic Rate (RMR) in 
overweight and obese adult women.
Methods: A total of 295 overweight and obese women aged 18-50 
years were enrolled in this cross-sectional study. Over the past year, 
dietary intake and nutritional status were evaluated using a semi-
quantitative Food Frequency Questionnaire (FFQ) including a list of 
147 food items. An impedance fat analyzer (InBody 720, Korea) was 
used to obtain the body composition and an indirect calorimeter was 
applied to assess the RMR. T-test was used to compare the means of 
two groups at onset of obesity for quantitative variables, while multiple 
linear regression was used to assess the relationship between the age at 
onset of obesity with body composition and RMR.
Results: The results of our study showed that subjects in the upper age 
group at onset of obesity had lower RMR (p=0.02) and age (p≤0.001) 
than those in the lower age group. 
The outcomes showed that an earlier onset of obesity was significantly 
associated with higher body weight (Beta: -0.11, CI: -0.30 to -0.00, 
p=0.005) and fat mass (Beta: -0.13, CI: -0.23 to -0.01, p=0.02). After 
adjustment for confounders including age, physical activities, and total 
energy intake, those differences still remained significant. Furthermore, 
RMR per body weight became significant too (Beta: 0.16, CI: 0.00 to 
0.11, p=0.03).
Conclusion: The results of the present study demonstrated a direct 
association between the age at onset of obesity and RMR per body 
weight, but it was inversely related to body weight and fat mass. 
Prospective studies are needed to confirm these findings.
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Introduction 
World Health Organization has declared that obesity 
is one of the major problems in many developed 
and developing countries in the last two decades 
(1). Obesity is a multifactorial chronic disease and 
its growing prevalence attracted public attention 
(2,3). Behavioral and lifestyle changes can result 
in obesity, and various studies have shown that this 
significantly contributes to cardiovascular disease 
and the higher prevalence of hypertension, lipid 
profile disorders, diabetes, cancer, gall bladder, and 
hormone abnormalities (4). In addition, the excess 
amount of fat in the abdomen and upper abdomen, 
known as abdominal obesity, is an independent 
prognostic factor for cardiovascular diseases and the 
consequences. The people with increased visceral 
fat are faced with the risk of premature death and 
chronic diseases in comparison with individuals who 
developed fat accumulation elsewhere in their bodies. 
Moreover, it was shown that women have a higher 
prevalence of abdominal obesity (4,5).
Obese adults are divided into two main groups by 
Mullins. Subjects with early onset of obesity (begins 
in childhood or adolescence) and those with late 
onset of obesity (after adolescence) (6). The onset 
of obesity during adolescence was well observed in 
one-third of obese adults. Obesity in adolescence 
will logically remain as adolescent obesity. In 
general, some consequences accompany adolescent 
obesity. In fact, adolescent obesity would remain in 
adulthood (75-80%) and young women are at higher 
risk of such problem (6-8). Studies in adults, on the 
other hand, have shown that the increase in adipose 
tissue that results in obesity may be due to the 
enlargement of existing adipocytes or an increase in 
the total number of adipocytes or the combination of 
both processes (9). Knittle and Hirsch have shown 
that a higher number of adipocytes in obese adults 
may have started in childhood (10). An animal study 
has also shown that overeating in rats for the first 
three weeks of life (before weaning) has sustained 
effects on both body weight and adipose tissue cells. 
Therefore, animals that received more food in the 
first weeks of life than those who received less food 
had higher body weight and fat cells (11). Moreover, 
it has been declared that overweight in the first 
six months of life is associated with an increased 

incidence of obesity and overweight in childhood 
and adolescence (9). So the age at onset of obesity 
can be considered a good predictor of adult obesity. 
The aim of the present study was to investigate 
the association between the age at onset of obesity 
and the Resting Metabolic Rate (RMR) and, the 
body composition of Iranian overweight and obese 
women.

Materials and Methods
Study Population 
This cross-sectional study was performed on 295 
women aged 18-56 years who were referred to health 
centers in Tehran. Participants were apparently 
in good and appropriate general health based on 
general self-questionnaire, which was filled by 
trained nutritionists. The protocol was approved by 
ethics committee of Tehran University of Medical 
Sciences (IR.TUMS.VCR.REC.1395.1597) and 
a consent form was signed by all participants. 
Moreover, participants were excluded if they had a 
history of chronic diseases including hypertension, 
cardiovascular diseases, diabetes, thyroid disease, 
cancer, liver or renal dysfunction, or diet related 
diseases, and weight fluctuations over the past year. 
Pregnancy, lactation, smoking, use of medications 
and the oral contraceptive pill or alcohol were also 
considered as exclusion criteria.

The Age at Onset of Obesity Assessment
The age data at onset of obesity was collected by a 
questionnaire.

Dietary Assessment
Usual dietary intake was evaluated by using a 147-
item semi-quantitative food frequency questionnaire 
(FFQ) and its reliability and validity were approved in 
Iran (12). In face-to-face interviews, participants were 
asked by expert dieticians to report their consumption 
frequency for each food item over the past year on a 
daily, weekly, or monthly basis. Household measures 
were used to change portion sizes to weight in grams. 
Due to limited data on the nutrient content of some 
foods and beverages of Iranian Food Composition 
Tables (FCT), US Department of Agriculture (USDA) 
FCT was used to compute nutrient and energy content 
of dietary intake. Nutrients intakes in micro and macro 
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types were calculated using Nutritionist IV software 
(First Databank Division, the Hearst Corporation, 
San Bruno, CA, USA, modified for Iranian foods).
Weight was measured to the nearest 0.1kg while 
wearing one layer of clothing and not wearing shoes 
by a digital scale (SECA, Hamburg, Germany). 
Height was recorded to the nearest 0.5 cm by a wall-
mounted stadiometer whereas the shoulders were 
relaxed and shoes were removed. Body Mass Index 
(BMI) was calculated based on the following equation 
“weight/height2 (kg/m2)”. To acquire demographic 
characteristics, a questionnaire was given to all 
participants which contained questions including age, 
family history of migraine, marital condition, particular 
diets, education level, chronic disease background, 
occupation status, and medicine consumption. 
International Physical Activity Questionnaire (IPAC) 
was used to assess Physical Activity (PA) and was 
shown as metabolic equivalent hours per week 
(METs h/week) (13). Activity levels were classified 
into low, moderate, and high levels according to the 
IPAQ scoring protocol.

Anthropometric Measurements
(Body composition analysis) 
An impedance fat analyzer (InBody 720, Korea) was 
utilized to acquire weight, BMI, Total Body Water 
(TBW), Body Fat Mass (BFM), Fat Mass (FM), 
Fat-Free Mass (FFM), Body Cell Mass (BCM), body 
fat percentage (%), Waist to Hip Ratio (WHR), and 
Visceral Fat Area (VFA) of the subjects following a 
standardized procedure according to guidelines. In 
detail, low-level electrical current was sent through 
the body into the electrodes of hands and feet. Then, 
the impedance of currents was measured with the aim 
of evaluating body composition.
There are various methods for the diagnosis of 
overweight and obesity; one of the most common 
methods used in epidemiological studies to determine 
overweight and obesity is Body Mass Index (BMI). 
The percentage of healthy weight (BMI 18.5-24.9), 
overweight (BMI 25-29.9) and obesity (BMI≥30) 
were 47.8, 29.3, and 22.9, respectively.

Resting Metabolic Rate (RMR) Measurement
All samples were measured by a trained and 
experienced nutritionist using the standard protocol. 

The RMR was determined using indirect calorimetry 
based on the device protocol. Indirect calorimetry is 
a method of measuring RMR based on oxygen and 
the amount of CO2 excreted by the body. The amount 
of inhaling and exhaled breath was transmitted to the 
device via a filter attached to the mask that completely 
covers a person’s nose and mouth, and sensor. The 
device was fitted with a system that measured the 
volume and oxygen concentration of the respiratory 
and excretory gases of the individual understudy and 
analyzed the amount of RMR. It directly measured 
the concentration of oxygen and carbon dioxide 
that a person breathes through a mask placed on the 
mouth and nose. Concentrations of CO2 and O2 were 
measured using the ventilated hood and these gas 
concentrations were then used to determine 24 h RMR 
using the equation of Weir. Subjects were instructed to 
1) fast and drink only water for 12 h before testing, 2) 
wear comfortable clothing, and 3) report to the lab for 
testing at 7 a.m. Subjects were also instructed to keep 
physical activity to a minimum the morning of the 
test by dressing slowly and not taking a shower before 
testing. Once subjects reported for testing, the test 
was explained to them in detail. They were instructed 
to lie on the bed as still as possible for 60 min. 
The first 15 min was used as an acclimatization period 
to the testing environment. After the first 15 min, 
the ventilated hood was placed on the subject, and 
another 15 min acclimatization period started. During 
this second 15 min period, the flow rate in the 
ventilated hood was adjusted to maintain the fraction 
of expired CO2 between 0.5 and 1.0%. The last 30 min 
of the test comprised the collection period. Twenty-
four-hour RMR was calculated from the average of 
the O2 and CO2 concentrations collected during the 
last 30 min.

Statistical Analysis
Statistical analysis was performed using SPSS v21 
software. Subjects whose total daily energy intake 
was less than or more than 3 standard deviations 
from the mean energy intake were excluded. General 
characteristics of the study population in two groups 
included the age below 18 at onset of obesity and the 
age above 18 at onset of obesity. Next, independent 
sample t-test was used for quantitative variables. 
Linear regression was also used to determine the 
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relationship between the age at onset of obesity and 
the quantitative variables. A P-value less than 0.05 
was defined as the significance level.

Results
The mean age of the subjects was 36.49±8.38 
(Mean±standard deviation) years and mean BMI and 
weight were 31.04±4.31kg/m2 and 80.89±12.45kg, 
respectively, and the mean waist circumference was 
5.24±1.23cm (Table 1).

Table 2 shows the quantitative variables measured in 
this study along with the mean and standard deviation 
of each group (the age below 18 at onset of obesity 
and the age above 18 at onset of obesity). Our findings 
showed that there was a significant difference in age 
(p≤0.001) and RMR (p=0.02) between age at onset 
of obesity over and under 18 years. There was also a 
marginal correlation between the amount of adipose 
tissue (p=0.06).
The association of age at onset of obesity with the 

Table 1. Characteristics of the investigating subjects 

Variables Mean±SD Maximum Minimum

Age (years) 36.49±8.38 56 18

Weight (kg) 80.89±12.45 136.60 59.50

BMI (kg/m2) 31.04±4.31 49 24

FM (kg) 34.04±8.69 74.20 19.40

FFM (kg) 46.8±5.64 67.70 35.30

Body fat)%( 41.53±5.48 54.30 15.00

WC (cm) 99.01±10.05 136.00 80.10

WHR)%( 0.93±0.05 1.08 0.81

Visceral fat (cm2) 168.30±103.11 1817.00 20.00

RMR (kcal) 1574.96±259.1 2480.00 952.00

RMR per weight (kcal/kg) 19.59±3.09 32.50 9.30

Mean± SD: mean ± standard deviation; BMI: Body Mass Index; FM: Fat Mass; FFM: Fat Free Mass; WC: Waist circumference; WHR: Waist Hip Ratio: RMR, Resting 
Metabolic Rate

Table 2. Association of age at onset of obesity with body composition and RMR

Variables Mean (SD)
Less than 18 years

Mean (SD)
more than 18 years p-value

Age (years) 43.13±8.53 39.46±7.20 ≤0.001

Weight (kg) 82.78±13.29 79.54±11.30 0.37

BMI (kg/m2) 31.47±4.61 30.79±4.12 0.22

FM (kg) 35.45±9.79 33.25±7.87 0.06

FFM (kg) 47.39±5.48 46.22±5.44 0.09

Body fat)%( 42.14±5.88 41.31±5.35 0.24

WC (cm) 100.16±10.65 98.21±9.30 0.12

WHR)%( 0.93±0.05 0.93±0.05 0.58

Visceral fat (cm2) 168.82±42.30 168.92±129.56 0.99

RMR (kcal) 1619.67±274.45 1544.38±248.98 0.02

RMR per weight (kcal/kg) 19.59±3.08 19.54±3.03 0.90

Mean± SD: mean ± standard deviation; p-value: p-value result from independent sample t test; BMI: Body Mass Index; FM: Fat Mass; FFM: Fat Free Mass; WC: 
Waist Circumference; WHR: Waist Hip Ratio: RMR, Resting Metabolic Rate
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Table 3. Association of Age at onset of obesity with body composition and RMR among obese and overweight female subjects

Variable Model Beta CI (95%) p-value

Weight (kg)
Model 1 -0.11 -0.30 to -0.00 0.005

Model 2 -0.17 -0.41 to -0.02 0.02

BMI (kg/m2)
Model 1 -0.06 -0.08 to 0.02 0.25

Model 2 -0.20 -0.15 to -0.01 0.01

FM (kg)
Model 1 -0.13 -0.23 to -0.01 0.02

Model 2 -0.20 -0.31 to -0.04 0.01

FFM (kg)
Model 1 -0.04 -0.09 to 0.04 0.42

Model 2 -0.10 -0.15 to 0.03 0.20

Body fat (%)
Model 1 -0.10 -0.13 to 0.00 0.08

Model 2 -0.11 -0.16 to 0.02 0.13

WC (cm)
Model 1 -0.09 -0.22 to 0.02 0.12

Model 2 -0.14 -0.30 to 0.01 0.07

WHR (%)
Model 1 -0.04 -0.00 to 0.00 0.50

Model 2 -0.03 -0.00 to 0.00 0.65

Visceral fat (cm2)
Model 1 0.09 -0.24 to 2.48 0.09

Model 2 0.11 -0.51 to 3.52 0.14

RMR (kcal)
Model 1 -0.08 -5.54 to 1.11 0.19

Model 2 -0.02 -5.15 to 3.80 0.76

RMR per weight (kcal/kg)
Model 1 0.05 -0.02 to 0.05 0.38

Model 2 0.16 0.00 to 0.11 0.03

p-value result from linear regression; CI: Confidence Interval; Model 1: (crud); Model 2: (adjusted for Total Energy intake, physical activity, age): BMI: Body Mass 
Index; FM: Fat Mass; FFM: Fat Fee Mass; WC: Waist Circumference; WHR: Waist Hip Ratio: RMR, Resting Metabolic Rate;
Total energy intake is collinear for RMR

dependent variables is shown in table 3. The findings 
of this study indicate that without adjusting for 
variables, there was a significant inverse relationship 
between age at onset of obesity and weight (Beta: 
-0.11, CI: -0.30 to 0.00, p:0.005) as well as adipose 
tissue (Beta: -0.13, CI: -0.23 to -0.01, p:0.02). After 
adjusting for confounders (Age, physical activity, and 
energy intake), body weight (Beta: -0.017, CI: -0.41 to 
-0.02, p:0.02) and adipose tissue (Beta: -0.20, CI: -0.31 
to -0.04, p:0.01), this association remained significant 
and RMR/kg body weight was also significant (Beta: 
0.16, CI: 0.00 to 0.11, p:0.03). After adjusting for 
confounders, waist circumference (Beta: -0.14, CI: 
-0.30 to 0.01, p:0.07) was also close to significance.

Discussion 
The present study shows that there is a significant 
inverse relationship between body composition 

such as weight, waist circumference, and adipose 
tissue with age at onset of obesity. The subjects with 
younger age at onset of obesity experience a higher 
incidence of obesity and fat mass in adulthood. In 
addition, our findings suggest that age at onset of 
obesity has a direct relationship with RMR/kg body 
weight. It means the younger age at onset of obesity 
is associated with lower RMR/kg body weight.
Bauer et al in 1929 stated that the birth weight of 
obese people was often higher than that of non-obese 
people. Since then, contradictory evidence that obese 
people are at a high risk for reproductive health has 
been emerged by Wolf (14). Mossberg studied the 
birth weight of obese children and presented their data 
to support these observations (15). Since then, Wolff, 
Bruch and Heald showed that there is no difference in 
birth weight among obese and non-obese individuals 
(14,16,17). In addition, when Wolff divided birth 
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Limitations
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