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Introduction
Obesity and overweight trends have reached epidemic proportions 

in many countries,1–8 and have serious health and socio-economic 
consequences. In addition, obesity has negative medical, psychological 
and quality of life consequences, drains health care resources and 
reduces life expectancy. The International Obesity Task Force (IOTF) 
projects that obesity rates worldwide would increase very significantly 
by 2025 unless appropriate intervention is taken.9 In the USA, between 
2011 & 2012, the percent of US adults aged 20years and above who are 
obese was reported to be 35.1 %, while the percent of US adults who 
had excess body weight (overweight and obesity)in the same period 
was 69.0% according to published reports.2,10 Obesity and related 

chronic diseases are no longer a problem of affluent countries alone, 
as poor developing countries, middle income countries or countries 
undergoing economic transition, are also affected by the epidemic.4,6–8 
Global, national and state public health agencies as well as their 
nutritionists, researchers and educators have raised awareness or taken 
immediate action to arrest the increasing weight trends and obesity 
in adults, the youth and children.11–16 Despite the high prevalence of 
obesity in many parts of the world, segments of populations (such as 
geriatric, very sick people, preschool children, pregnant & lactating 
women) suffer from underweight.7,17–19 In some developing countries, 
various types of unhealthy weight such as obesity, overweight and 
underweight, can coexist concurrently in different segments of their 
populations.7,18–21 There are so many factors that cause or contribute to 
obesity. A previous paper had discussed obvious and hidden calories 
as causes of obesity.22 This paper will review various other causes of 
obesity, both probable and proven causes, and will discuss various 
methods of measurement of obesity in clinical, research, community 
or field settings. In particular, it will discuss strategies to prevent 
obesity and excessive weight gain to ensure health and wellness in 
many populations. A better understanding of the assessment and 
causes of obesity will lead to a concerted action to prevent and fight 
the obesity epidemic.

Discussion 
Methods of assessing obesity and overweight in adults

Obesity can be determined by many methods, some of which 
are quite simple, while others are complex or sophisticated. These 
methods of assessment include the body mass index or BMI, other 
anthropometric methods, skin fold callipers that measures percent 
body fat and high technology or advanced methods.
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Abstract

The obesity epidemic has been widespread in many countries, and has several adverse 
consequences. So many factors, some probable, others verified and documented, are 
known to contribute to the obesity problem in developed and developing countries. 
Nutritionists and other health professionals need to be skilled in understanding these 
various causes and their health implications. They should also be able to assess 
excessive body weight in clinical and other settings. Armed with this knowledge, 
health professionals should therefore be able to advise consumers and clients 
struggling with weight management on cost-effective preventive strategies to prevent 
or reduce incidence of obesity. In addition, nutritionists should be able to advise food 
manufacturers to make and market healthy food products. This paper will address 
the growing concern on obesity epidemic by reviewing the presumed and published 
or proven causes of obesity and the various methods for measurement of obesity. 
Strategies for preventing obesity will also be discussed. Such strategies would include 
lifestyle changes, physical activity, diet and behaviour modifications as well as 
reading food labels and proper food selection. Preventive strategies for obesity and 
overweight when properly implemented are very cost effective especially at personal 
and community levels and will ensure good health and wellness in many populations.

Keywords: assessment, obesity, epidemic, overweight, presumed, proven causes, 
prevention, weight management, health & wellness
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The BMI method of assessing obesity/overweight

 Obesity and overweight are commonly estimated by a metric known 
as body mass index or BMI. The BMI is one of the anthropometric 
measurements used in clinical calculations. (In anthropometry, body 
weight, height, length, circumferences and thicknesses of parts of the 
body are measured and used to estimate body fat and general weight 
status such as normal weight, underweight overweight and obesity). 
The BMI is a measure of a person’s weight relative to the person’s 
height. This index is highly correlated with the amount of body fat, 
and is used to assess risk of diseases related to excess body fat, but 
it is not a direct measure of fat. High BMI correlates with obesity 
and higher health risks such as some cancers, cardiovascular diseases, 
diabetes, hypertension, stroke, sleep apnea, degenerative joint 
diseases, infertility, respiratory problems, skin problems, gall bladder 
disease and other conditions. 

Scientifically, BMI is calculated in the metric system as body weight 
in kilograms (Kg) divided by the person’s height in meter squared 
(m2). {Hence BMI = kg/m2}. In the imperial system of measurement, 
BMI is calculated as body weight in pounds (lb) divided by height 
in inches squared (in2) and the result is multiplied by the number, 
703, to get the BMI. {Hence BMI= (lb/in2) x703}. Total body weight 
includes non-lean body mass (storage fat and subcutaneous fat) and 
lean body mass (bone, muscle, organ, skin, fluid, non fat cells, & non-
fat tissues). 

BMI classifications 

Healthy weight: In most populations of the world, a person with 
healthy weight is regarded as one whose BMI value lies between 
18.5 and 24.9. A BMI value higher than 25.0 predisposes a person 
to high fat accumulation and a higher risk of metabolic diseases such 
as metabolic syndrome, heart disease, diabetes, hypertension, stroke, 
hernia, sleep apnea, gall bladder disease, intestinal obstruction and 
certain cancers. It should however be noted that for some reasons, a 
few people with a BMI of 25.0 or greater are not predisposed to the 
above risk.

Overweight: An overweight person is someone whose BMI lies 
between 25.0 and 29.9; the overweight person is about 10% greater 
than expected ideal body weight; the person may eventually become 
obese if no intervention to reduce weight occurs. The term overweight 
is different from over fat. An over fat person is someone who has a 
higher percentage of body fat than is normal or healthy compared to 
the average person of same sex, age and gender. To determine over 
fat, a person’s total body fat is measured and compared to expected 
percent fat by age, read off a chart. If a man’s percentage fatness is 
20% greater than expected total body fat, or if a woman is 30% greater 
than expected body fat, the person is over fat. It should also be noted 
that a person can be overweight without being over fat and vice versa, 
but a man with body fat equal to or greater than 25%, or a woman 
with body fat equal to or greater than 32% may be both over fat and 
obese according to some reports.23 The ratio of body fat to lean tissue 
is a better determinant of health and fitness than weight alone that 
is measured on a bath scale or other methods. Lean tissue however 
decreases due to inactivity and ageing. Ageing leads to decrease in 
basal metabolic rate (BMR) and decreased lean tissue but increase 
in body fat. Physical activity increases BMR and also increases lean 
tissue and tends to slow the ageing process. This is why participation 
in various physical activities, exercise and fitness programs as well as 
good nutrition is necessary for better ageing. 

Essential body fat: Fat is an important body component with several 
functions. It should be noted that not all fat is bad. Certain fat known 
as ‘essential body fat’ is necessary for adequate body physiology and 
for good health and such fat is stored in muscles, organs, bones and 
central nervous system. Men require about 2-4% essential fat while 
women require 8-12% essential fat. Essential fat is higher in women 
to enable them maintain hormonal and reproductive processes and to 
stay in good health. The rest of the body fat that is not needed for 
vital functions is non essential fat, which also have other purposes 
in the body such as insulation, serving as protective padding, storing 
excess energy for use during starvation, etc. Non essential fat is stored 
throughout the body around organs, inside body cavities like abdomen, 
and even under the skin. A regular/average man may have 12-20% 
total body fat while a regular/average woman may have 18-25% total 
body fat according to a report by the American Council on Exercise.24 
It is best to keep the level of non essential fat at a healthy level through 
weight loss or weight maintenance to prevent overweight and obesity.

Underweight: An underweight person is one whose BMI is less 
than 18.5. If the underweight condition is sustained for a long time, 
the person may be at risk of developing serious conditions and may 
be prone to falls, poor stamina, anaemia, malnutrition, poor wound 
healing and various illnesses.19 

Obesity: A person living with obesity is one whose BMI value is 
30.0 or higher. Obesity has 3 sub-classes based on the severity of 
the problem, class 1, or mild obesity (BMI at 30.0-34.9), class II or 
moderate obesity(BMI at 35.0-39.9) & class III or extreme/morbid 
obesity(BMI at 40.0 and above) as shown for the general populations 
in Table 1a. Obesity has many medical and quality of life consequences 
and health risks. The general classification of BMI values and weight 
status has been published in literature.25 

Table 1a General BMI classification by weight status for general population**

BMI class Weight status

<18.5 Underweight

18.5-24.9 Normal weight (or healthy weight)

25.0 -29.9 Overweight

30.0 -34.9 Obesity class I

35.0-39.9 Obesity class II

40.0-40 + Obesity class III (morbid obesity

Source: Jensen et al.26 **except for Asians.

The BMI value cut-offs: The BMI cut offs for healthy weight, 
overweight and obesity statuses are different for Asian populations.26,27 
Asians have a higher tendency to develop metabolic syndrome, so 
their BMI cut-off for obesity is revised downwards to less than 30.0 
according to published reports.26 One study states that BMI for Asians 
(especially Japanese) is set at 25.0, while BMI of 23.0 to 24.9 is 
designated as overweight, and BMI of 30.0 is designated as obesity 
class II for Japanese or other Asians.26 Other studies have put BMI of 
27 or higher as obesity cut off for Asians and Asian Americans.27,28 
Thus a BMI considered normal or low for a non Asian may place 
Asians at risk. (Table 1b), modified from the Joslin Diabetes Center29 
compares Asian and non- Asian BMI cut offs.
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Table 1b Asian and non- Asian BMI cut offs.

BMI cut-off 
for Asians 
and Asian 
Americans

Weight status
NIH BMI 
cut-off for 
non Asians

Consequences

<18.5 Underweight <18.5
An unhealthy weight status; Risk of developing health problems, falls, poor stamina, anemia, 
malnutrition, poor wound healing & various illnesses; Requires good nutrition and activity to 
maintain healthy weight.

18.5 - 22.9 Healthy weight 
range

18.5 - 24.9 Weight in normal range, but should continue to monitor diet and activity; engage in regular 
physical activity and good nutrition to maintain the healthy weight.

23 - 26.9 Overweight* 25 - 29.9
An unhealthy weight status; risk of developing chronic disease (e.g. heart disease, diabetes) if no 
sustained intervention to maintain healthy weight is provided. Test for diabetes in overweight 
Asians.27 Advice from health professional recommended.

≥27 Obese ≥30.0
An unhealthy weight status; risk of developing chronic disease (heart disease, diabetes) if no 
sustained intervention to maintain healthy weight is provided. Test for diabetes in all groups. 
Advice from health professional recommended.27

*Modified from Joslin Diabetes Center BMI chart.29

BMI limitations: Although high BMI usually correlates with high 
body fat, there are some exceptions in that some high BMI levels can 
be observed in situations not involving fatness, while low BMI values 
can be observed in people who carry ample amount of fat tissue. 

For example, athletes and weight lifters, people with increase in 
muscle and bone mass due to body building, or people born naturally 
big as well as people with edema or ascites, have high body weight 
and high BMI values but these conditions do not reflect fatness. 

Body builders have increased muscle and bone mass through body 
building, weight lifting and rigorous walk outs and this increases their 
total muscle mass , bone strength and body weight which can result 
in high BMI. Similarly, high BMI values are observed in people who 
are born big naturally because of genetics. Such people naturally have 
heavy bones and big muscles and consequently high body weight. 

The BMI value is also high in people living with edema and 
ascites. Edema is abnormal accumulation of fluid in various parts of 
the body especially at the extremities such as hands, arms and wrists 
or legs, feet and ankles. Ascites is an abnormal condition in which 
serous fluid accumulates mostly in the peritoneum or abdominal 
cavity and other body regions. Fluid accumulation can arise from 
different causes such as liver disease, cancer, bacterial peritonitis, 
alcohol abuse, congestive heart failure, kidney failure, salt and water 
retention or obstruction of lymphatic system as in elephantiasis. 
Conditions that are accompanied by excess body fluid accumulation 
and inflammation tend to increase body weight. The increased body 
weight and consequent high BMI values in all these conditions can be 
misleading and might be erroneously interpreted as fat. 

Similarly very low BMI in frail elderly people can also be 
misleading. The low BMI observed in older adults may be due to 
the fact that they have lost muscle mass and/ or height which affects 
their BMI readings. Some elderly people with low BMI may still 
accumulate fat and display large waist circumference which increases 
risk of diseases like diabetes that accompany body fat. BMI is also has 
limitations in growing children, some athletes and anorectics.

Thus BMI method of estimating obesity is therefore not perfect and 
has general limitations; it does not distinguish between lean tissue, fat 
or bone mass. The BMI calculation involves total body weight; total 
body weight is a metric that consists of lean and non-lean tissue. Lean 
tissue comprises bone, muscle, organs, skin & fluids, while and non-

lean tissue consists of body fat (i.e. storage fat and peripheral fat). 
Storage fat is also known as adipose tissue, while peripheral fat is also 
known as subcutaneous (under-the- skin) fat. Body fat is expressed as 
a percent of total body weight (i.e. body fat is calculated as total body 
fat divided by total body weight, and the result is multiplied by 100).

Another limitation of BMI is that it also does not indicate the 
location of the excess fat. Some fat may be stored inside the organs 
or underneath the skin, some are concentrated in the upper body and 
abdomen leading to both high BMI and large waist circumference, 
while other fat are concentrated in lower body and these locations 
have different consequences for obesity and metabolic risk. 

The BMI value does not account for racial, gender or age 
differences. BMI classifications are different for Asians compared to 
Caucasians and other ethnic groups. Asians with BMI considered low 
for whites or white Americans may still be at risk of abdominal obesity, 
diabetes, hypertension and heart disease, despite their apparent low 
BMI readings.27 Despite its limitations, BMI is widely used in clinical 
and community settings and is quite simple and inexpensive.

BMI, fat distribution and body shape: High BMI can affect body 
shape, obesity type and consequences. If the main location of body fat 
stores is concentrated in the upper body, the obesity is called upper 
body obesity or apple shape obesity, while excess fat concentrated 
mainly in the lower body is called lower body obesity or pear shape 
obesity, as described in a previous report.22 Apple shape obesity 
poses a greater metabolic risk than pear shape obesity,30 showing that 
regional distribution of excess body fat affects both mortality and 
morbidity.

Other anthropometric measurements of obesity in 
adults

Besides BMI, other anthropometric methods of estimating obesity 
are useful in clinical or community settings (Table 2). Such methods 
include waist circumference, hip circumference, waist-to-hip ratio, 
waist-to-height ratio, skin fold thickness, body density and body 
volume and these methods have been documented in literature.18,29–31 
However, the anthropometric methods such as BMI, waist 
circumference, waist- to-hip or waist-to-height ratios, are the most 
commonly used in the field or community setting as they are quite 
inexpensive and simpler to use though they are less accurate than the 
high tech methods used in hospitals or research institutions (Table 3). 
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Table 2 Simple and low tech methods of determining obesity in adults in clinics or community settings

Method Description Obesity indicator

BMI (metric system 
measurements)

Body weight in kilogram (kg) divided by height in meter 
squared (m2). (BMI=kg/m2)

BMI=> 30 is indicative of obesity
BMI=> 40 is indicative morbid obesity;
High BMI is a good predictor of high risk of chronic 
disease(heart disease & diabetes) and premature death
BMI gives an estimate of fat, but has has limited accuracy in 
some population groups. It is an inexpensive method.

BMI (Imperial system 
measurements)

Body weight in pounds (lb) divided by height in inches 
squared (in2), multiplied by 703.
(BMI=703 x (lb/in2)

Same as BMI in metric system above.

Waist Circumference 
(WC)

WC is distance round the waist through the belly button, 
measured using a tape measure.

WC >35 inches for women indicates obesity;
WC >31.5 inches for Asian women indicates obesity;
WC < 35 inches for women is overweight
WC >40 inches for men is obese;
WC >35.5 inches for Asian men indicates obesity;
WC < 40 inches for men is overweight;
WC is good for determining abdominal or apple shape 
obesity.

Hip circumference 
(HC)

HC is the distance round the hip through the widest part 
of buttocks, using a tape measure.
The WC & HC are used to calculate WHR.

Waist- to-Hip 
Ratio(WHR)

WHR=Waist circumference divided by Hip 
circumference, measured in same units. (WHR=WC/HC)

WHR >0.8 for women indicates obesity;
WHR >0.9 for men indicates obesity
WHR good for determining abdominal obesity, apple shape or 
android obesity
-Has limited accuracy.

Waist-to-Height Ratio 
(WHtR)

WHtR=Waist circumference (WC) divided by Height(Ht), 
measured in same units. (WHtR=WC/Ht)

WHtR >0.5 for man or woman is indicative of obesity;
WHtR < 0.5 is acceptable for healthy weight;
WHtR is a simpler method than BMI.30–34

Best to keep waist circumference at less than half of person’s 
height to increase life expectancy.32–34

Skin fold fat thickness 
(Pinch test)

The pinch test uses skin fold calipers to measure 
subcutaneous fat in a pinched skin in specific areas of 
body, e.g. biceps, triceps muscle in upper arm, trunk, 
thigh and shoulder blade. Fat thicknesses in centimeters 
are computed for 4 surfaces and plugged into predictive 
equations to calculate percent body fat. Percent body 
fat can also be read off a chart of skin fold thickness in 
millimeters by age and gender29,40

According to American Council on Exercise or ACE:29,40 For 
males, Body fat%:
14-17% is acceptable or fit, 
18 to 24% is overweight,
25% and higher is obese; According to ACE:29,40

For females, Body fat%
21-24% is acceptable or fit,
25 to 31% is overweight,
32% and higher is obese:

Waist Circumference (WC): Waist circumference is distance round 
the waist through the belly button and correlates well with level of 
abdominal fat. A waist circumference greater than 35inches (or 
>88cm) in women or greater than 40inches (or >102cm) in men is 
indicative of obesity. For Asians, a waist circumference greater than 
31.5inches (or >80cm) in women or greater than 35.5 inches (or 
>90cm) in men is indicative of obesity.

Hip circumference (HC): Hip circumference is distance round the 
hip through the widest part of the buttocks. Together with WC, it can 
contribute in estimating obesity in an individual. The WC & HC are 
used to calculate waist-to-hip ratio.

Waist-to-hip ratio (WHR): Waist-to-hip ratio is ratio of waist 
circumference to hip circumference, measured in the same units 
(WHR=WC/HC). The WHR greater than 0.8 in women or greater 

than 0.9 in men is indicative of overweight and/or obesity. The greater 
the WHR in a person, the more obese the person is. 

Waist-to-height ratio (WHtR): The WHtR is ratio of waist 
circumference to a person’s height, measured in the same units. The 
WHtR greater than 0.50 is indicative of overweight and obesity. The 
greater the WHtR, the more obese the person is and the greater the 
metabolic risk.32–34 A recent study suggests keeping the WHtR bellow 
0.50 to increase longevity and life expectancy.30 High values for 
WC, WHR and WHtR correlate positively with high rates of obesity, 
overweight, abdominal fat and high risk of metabolic diseases as 
earlier described.19 

Skin fold fat thickness (pinch test): A pinch test determines fat using 
skin fold callipers. This is a more accurate way of assessing body fat 
compared to other anthropometric methods such as BMI as the pinch 
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test measures body fat thickness directly. However pinch test is less 
accurate than the precise high technology methods used in research. In 
the pinch test, body fat can be estimated with skin fold body callipers 
that determines fat in a pinched skin over several body surfaces such 
as trunk, chest, abdomen, thigh, supra-ileum and shoulder blade as 
well as biceps or triceps muscle in the upper arm. Fat thicknesses 
in centimetre are plugged into predictive equations to calculate 
percent body fat. Alternatively, sum of the skin fold fat thicknesses 
in millimetre together with age can also be used to estimate total 
body fat using appropriate charts for percent fat estimates for men or 
women. In the 1980s, Jackson and Pollock developed tables that relate 
body fat, age and skin fold thicknesses35 and many researchers have 
validated or improved this method of estimating body fat.36,37 In one 
such method, to determine total body fat for women, sum of skin fold 
thickness in triceps, thigh and supra-ileum are used, while for men, 
sum of skin fold thicknesses in the chest, abdomen and thigh are used. 
The sums of body thicknesses in millimetres are cross-referenced with 
age group to estimate percent body fat from the chart.32,38 However 
this method of determining fat may not be good for some people with 

autism or other intellectual disability because of noncompliance of 
subjects during skin fold measurements; such non-compliance can 
results in inaccurate and imprecise results.39 

Advanced and high technology methods of determining 
obesity

In research and clinical settings, the most accurate but quite 
expensive high tech methods of estimating obesity are used. These 
include bioelectric impedance analysis (BIA), Dual Energy X-ray 
Absorptiometry (DEXA), isotope labeled water, near-infrared 
interactance, Computerized Axial Tomography (CT) scan, Magnetic 
Resonance Imaging (MRI), densitometry, air displacement 
plethysmography and ultrasound technology. Some of the high tech 
methods used in research for estimating obesity can measure body 
water, total body fat mass, tissue and organ fat, fat-free mass, lean 
body mass and, in some cases, bone mineral density. However most 
of the high tech methods require special skills to operate and are also 
expensive, therefore not available in the field or community settings 
(Table 3).

Table 3 Advanced and high tech methods of determining obesity in adults

Method Description Obesity indicator

Bioelectric Impedance 
Analysis (BIA)

Special electrical equipment passes electric current through body, fat , body water and 
lean body mass; generated reading is used in equation to calculate total body fat and 
fat free mass

High fat mass is indicative of 
obesity

Dual Energy X-ray 
Absorptiometry (DEXA)

The method uses x-ray beams to determine fat mass, fat free mass and bone mineral 
density.

High fat mass is indicative of 
obesity

Computerized Axial 
Tomography Scan (CAT 
scan) & Magnetic Resonance 
Imaging (MRI),

These methods use electrical and magnetic energy to determine fat mass (in whole 
body, tissues or organs); can also determine bone mass and lean body mass.

High fat mass is indicative of 
obesity

Ultra sound The method uses ultrasound to determine body fat mass and fat free mass High fat mass is indicative of 
obesity

Near -Infrared Interactance
The method uses infrared rays to determine body fat mass and fat free mass. A beam 
of infrared rays is passed through the dominant arm and the energy in the beam can 
be absorbed, reflected or transmitted depending on fat mass and fat-free mass.

Suitable for very sick children 
whose body fat cannot be 
determined by skin fold caliper 
methods.39

Body Density
A person is first weighed in air, then body volume is determined by water 
displacement of the submerged body in a calibrated tank. Body density(d) is body 
weight(w) divided by body volume(v). [d=w/v]

Less dense body is high in fat, 
has high buoyancy and floats.

Body Volume By air displacement in an enclosed chamber (e.g. the Bod Pod)
Higher body volume leads 
to lower density and hence 
indicative of more fat.

Isotope labeled water In this method, subject drinks isotope labeled water, donates body fluids and isotope 
level determined and used to calculate total body water, fat mass and fat free mass.

High level of fat mass is 
indicative of obesity

Sources: 18,27–36

In BIA, a machine sends small safe electric current through the 
body and measures resistance. Tissues with high fat mass show higher 
resistance than those with non-fat mass.

In DEXA, x-ray beams are passed through body; the rays pass 
through different tissues at different rates which are used to determine 
fat and fat- free mass as well as bone mineral density. 

In Near Infrared techniques, near infrared rays are passed through 
body; the rays pass through different tissues at different rates which 
are used to determine fat mass and fat- free mass. The technique is 
suitable for very sick children and people who could not comply with 
the pinch test.39 

In Isotope Labelling technique, isotope labelled water is given to 
the subject to drink, and body fluid samples are donated by the subject 
afterwards. The donated body fluid (containing labelled isotope) is 
used to determine total body water, fat mass and fat free mass through 
isotope counting.

The CT & MRI methods are imaging techniques that accurately 
measure fat mass and lean body mass, including bone, muscle, whole 
organs and tissues.

In densitometry or underwater weighing, body volume and 
body density are determined. The subject is first weighed in air and 
later weighed submerged in a calibrated tank. The body volume is 
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determined by water displacement. Using prescribed formulae, the 
density and body fat are calculated. Body density is body weight 
divided by body volume. Low density indicates high fat. A body that 
is high in fat will float. The snag with this method is that it is time 
consuming and is not usually used in community settings though 
it is appropriate for research purposes because of its good level of 
accuracy compared to other anthropometric methods.

Air Displacement Plethysmography involves a special enclosure 
or air chamber. First the pressure in the empty chamber is determined. 
Then a subject wearing a special bathing suit is seated in the enclosed 
chamber and the air pressure in the occupied chamber is determined 
as subject is weighed in air inside the chamber. The air pressure 

difference between the empty chamber and occupied chamber is used 
to determine body volume and consequently body density. A good 
example of this technique is the BodPod, an efficient small machine 
that determines body weight and body volume and calculates body 
composition, showing ratio of lean tissue to fat tissue. This air 
displacement method is almost similar to underwater weighing except 
that in this method, body volume is determined by air displacement 
in the chamber whereas in underwater weighing, body volume is 
determined by water displacement in a calibrated tank. 

Measurement of obesity and overweight in children: Obesity 
and overweight are assessed in children using the CDC or the WHO 
growth charts in both clinical and community settings (Table 4).

Table 4 Measurement of growth, obesity and overweight in children by anthropometric measurements

Height/weight indicator Children aged < 2years (2006 WHO 
growth charts)43

Children aged 2years and older (2000 CDC 
growth charts)41

Short stature < 2.3rd percentile length-for-age < 5th percentile height-for-age

Underweight < 2.3rd percentile weight-for-length < 5th percentile BMI-for-age

High weight-for-length (children aged <2years) > 97.7th percentile weight-for-length

Overweight (children aged 2years and older) 85th percentile to <95th percentile BMI-for-age

Sources: WHO CHILD growth standards.41,43,44

Obesity and overweight determination in children aged two 
years or more: To determine obesity in children (age 2 to 20years), 
the gender specific BMI-for-age percentile growth chart from the 
CDC is used.40 According to the gender-specific CDC growth chart 
percentiles developed in the year 2000 for children 2years of age and 
older, obesity is defined as BMI-for-age greater than or equal to the 
95th percentile; overweight is defined as BMI-for-age greater than or 
equal to the 85th percentile but less than the 95th percentile.41

Obesity/overweight determination in children aged less than 
two years: For children aged less than 2years, the World Health 
Organization (WHO) child growth chart is used to determine excess 
weight. According to the WHO growth chart percentiles developed 
in 200642 for children less than 2years of age, high weight-for-length 
percentile (erroneously labeled as “Obese”) is defined as weight-for-
length percentile greater than or equal to the 97.7th percentile. 

Children aged less than two years should not be categorized as 
obese, despite the “obese” label sometimes erroneously used by some 
people for such children. Rather, such children should be categorized 
as overweight, or as having excessive weight-for-height or high 
weight-for-length at the 97.7th percentile, based on the WHO 2006 
growth chart.43 The CDC and WHO child growth charts have been 
compared and small differences in values of the growth indicators 
were observed between these growth charts.44 

Causes of obesity

So many factors contribute to obesity and these include excessive 
caloric intake (from caloric macronutrients-fats, carbohydrates, 
proteins, alcohol), decrease caloric expenditure (through inactivity, lack 
of exercise or slow metabolism), fat distribution, body shape and other 
factors. Fat distribution (visceral, subcutaneous and intra-muscular 
fat) also contributes to body shape. Visceral fat is body fat stored in 
abdomen and around visceral organs. Subcutaneous or peripheral 
fat is body fat stored just underneath the skin while intramuscular 
fat is the body fat stored in between the skeletal muscles. Visceral 
fat accumulation increases the risk for cardiovascular diseases.28 

Environmental factors and genetics influence body fat distribution 
but genetics appears to have a greater role in fat distribution while 
diet and exercise have more effect on total body fat content.45 There 
are so many causes of obesity, some of which are based on peoples’ 
perception, the so called probable or presumed causes, while others 
are based on established facts that were published in literature.

Presumed causes of obesity and overweight: An informal interview 
of gym clients during a nutrition practicum by the author, on presumed 
causes of obesity and overweight, was conducted at a local gym and 
client responses revealed their perceptions on obesity. The responses 
showed that most of these gym clients were making strong efforts 
to control their weights by working out, exercising regularly, eating 
healthy foods and following proper lifestyle habits but they were 
not getting corresponding good results on their weight management. 
Some respondents gave different reasons for their perceived or 
presumed causes of their excess weight (Table 5). Others admitted 
to diligently counting calories and making efforts to maintain a 
healthy weight. Many of the gym clients admitted that they came to 
the gyms about 4 to 6days a week to remain fit. Others claimed they 
registered concurrently in both the local gym and some other weight 
loss programs in their towns in an effort to maintain a healthy weight. 
Some of them reported that they scrutinized every piece of food that 
entered their mouths to ensure they did not overeat or gain excess 
weight. It is ironic that despite all their efforts at weight reduction or 
weight management, excessive body weight still persisted in many 
of these people. Perhaps some other factors such as hidden calories 
or other issues were causing or contributing to the excessive weight 
gain.22

From responses given by this group of gym attendants, it appears 
that some activities were perceived as contributing to their weight 
gain and blamed as the cause of their overweight and obesity (Table 
5). These causes of weight gain and obesity that were based on the 
respondents perception included skipping meals and later consuming 
excess amount of food to make up for the skipped meals; increasing 
portion sizes of consumed foods either as ‘super-sized’ meals, or ‘all 
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you can eat’ buffets; sometimes over-indulgence on free foods, free 
snacks, taste samples, party foods and /or free drinks served during 
happy hours were blamed. Some respondents presumed that that 
going on frequent vacations since retirement, or going for second and 
third helpings of delicious meals caused weight gain; others especially 
housewives said that sitting down too much watching daytime soap 

operas caused their problem; some felt that late night snacking, late 
night dinner or eating cold foods made them gain weight. Others 
said that going to bed on a full stomach, or eating a few minutes just 
before bed time as well as mindless eating possibly contributed to 
their weight gain. 

Table 5 Presumed or perceived causes of obesity and weight gain: Responses given by gym clients in response to a question -“In your opinion, what do you 
think makes you gain weight?”

Presumed causes of obesity and overweight

Skipping meals and later consuming excess food to make up skipped meals Frequent consumption of soft drinks (sodas) instead of 
water

Eating out in restaurants Inviting friends over and cooking to please them; too much 
entertainment of guests and eating when not hungry;

Increased food portion sizes at home or restaurants Regular consumption of rich creamy coffees, sugar flavored 
teas, sweet beverages

Indulging in ‘supersized’ meals, ‘king size’ or ‘queen size’ meals, or big portion 
sized meals

Binge eating, nibbling foods all the time, over-eating, 
impulsive eating

Buffets, or ‘all you can eat’ offerings in Chinese restaurants or fast foods joints Quit smoking but gained weight

Over indulgence on light refreshments at work meetings or parties Not exercising ;
inconsistent with exercise plan

Free snacks & foods ,free drinks served during happy hours or in test kitchens Soothing my sweet tooth with candies, cookies , sweets, 
chocolates and flavored pastries

Going for second ,third or even fourth helpings of delicious foods and pastries;
-uncontrolled food cravings

Drinking alcoholic beverages like beer, wine and liquors 
regularly;
-uncontrolled alcohol cravings

Late night snacking, late dinners, going to bed immediately after dinner Eating more than 3 big meals in one day; not feeling satisfied 
even after eating.

Lack of sleep and eating to induce sleep Becoming a stay-at-home mom to care for my family

Eating comfort foods to deal with stress, no relaxation, Making sure all left over foods are consumed instead of 
throwing them away; holiday feasting.

Eating out regularly at fast food or traditional restaurants. Fried foods, creamy pastries all the time

Too busy to eat healthy foods that take much time to prepare. Reading food labels afterwards instead of before consuming 
the culprit food.

Stress at work, eating to reduce stress Quitting my job, staying at home,

Baby fat gained during pregnancy that never went away; Frequent pregnancies Eating too much while breastfeeding;
Feeling hungry all the time while breastfeeding

Eating good tasting and inexpensive foods Difficulty avoiding readily available good food, holiday foods, 
party foods.

Cooking & Sampling food advertised or seen on TV, food channels & food 
network

Not drinking water or milk but drinking sweet beverages 
regularly;
Eating cold foods and beverages

Cultural and ethnic foods that are delicious but fattening
Not bothering to check body weight, not using the bath 
scale for several months, not looking in the mirror to gauge 
body shape for several months.

Frequent travels, vacations & eating out; indulging in special foods while on 
vacations

Staying indoors all through winter and eating to keep warm;
Ordering takeout meals from pizzerias and coffee shops.

Frequent ‘light’ refreshments that are heavy in calories
Sitting down for a long time watching too many daytime 
soap operas, television or game shows or using the 
computers and internet all the time.

Some respondents claimed that they usually ate while working 
night shifts, the so called ‘grave-yard shift’ and believed that night 
shift foods caused their weight problems. Others said they formed 
the habit of regularly drinking alcohol along with their dinners which 
could be a factor in their weight gain. Some blamed the extra weight 

on too much entertainment and inviting friends and family over 
to their homes and cooking all the time. Others blamed the excess 
weight on eating out at restaurants instead of cooking at home. Some 
restaurant foods are claimed to be tasty but laden with high fat, salt 
and sugar. Some gym clients implicated stress and consumption of 
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comfort foods as possible factors in their obesity. The responses to 
perceived or presumed causes of weight gain are not surprising as 

many of the reasons given by the respondents have also been published 
in literature as shown in Table 6‒11.

Table 6 Possible diet related factors that cause obesity and overweight as published in literature

Possible Dietary & Related factors that Cause Obesity/Overweight References

Food portion sizes; increased food consumption 47–49

High intake of total fat, saturated fat and trans fat 50,51

Fast food/Fried foods, 52–55

Junk food 56–57

-Soft drinks (sodas and sweetened beverages);
-high caloric drinks,( sweetened & caffeinated beverages, juices, sugary drinks, juice blends);
-Energy drinks

57–61

Alcoholic drinks 62

Overeating, binge eating, mindless eating and excessive snacking 56,62,63

Consumption of High fructose corn syrup and artificial sweeteners 52,56, 62,63

Insufficient dietary calcium intake 67

Low intake of fiber , and Low intake of fruits and vegetables in foods 68,69

Not breastfeeding or short breastfeeding duration ; formula feeding instead of breastfeeding 70–74,78

Intestinal microbes 79–82

Antibiotics in human foods 83–87

Table 7 Activity related factors as possible causes of obesity and overweight published in literature

Activity factors as causes of obesity References

Physical Inactivity 88–90

Lack of exercise or infrequent exercise 89,91–93

Sedentary activities & too much sitting time 93,94

Prolonged screen time- (TV, computer, video games, internet , social media use by adults and children) 95,96

Occupational hazards -prolonged sitting jobs by taxi drivers, as well as truck, bus drivers and fire firefighters 97

Table 8 Possible Lifestyle & Behavioral factors as Causes of Obesity and 
overweight published in literature

Lifestyle & behavioral causes of obesity/
overweight References

Sedentary lifestyle 97

Eating out frequently in traditional and fast food 
restaurants 98

Frequent vacations - dinning & wining 99

Insufficient sleep or lack of sleep 100

Staying at home to watch movies, soap operas , daytime 
TV shows etc 101,102

Shift work/night shift/unusual work schedule 103

Eating pattern & eating behavior 92,104,105

Discontinuation of smoking 106,107,108

Table 9 Possible environmental causes of obesity and overweight published 
in literature

Environmental causes of obesity & overweight References

Food environment 109–111

Unsafe recreation and living areas 112–115

Unwholesome foods 116

Low ambient temperature 117–119

Food deserts 120,121

Obesogenic chemicals such as endocrine disruptors
(Bisphenol A, phthalates, atrazine, organotins and 
perfluorooctanoic acid)

122,123

Obesogenic foods 118
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Table 10 Possible medical and health causes of obesity and overweight published in literature

Causes of obesity References

Hormonal malfunctions 

-Hypothyroidism 125

-Prader Willie syndrome 126

-PCOS 127–129

-Cushing’s syndrome 130

-Other endocrine diseases 131

Mental health problems 

-depression 132–134

-Mood & substance abuse disorders 135

-Psychiatric disorders 136

Dysfunction of appetite and satiety centers in brain 137

Dysfunction of frontal cortex of brain that controls impulsive eating 138,139

Problem with brain neuro-transmitters 140,141

ADHD in children leading to adult obesity 142

General Prescription medications-side effects of commonly prescribed drugs
(drugs for diabetes, hypertension, allergy contraception, corticosteroids & health issues)

143

Psychiatric Prescription Drugs -side effects
(Prescription drugs-for mental health issues-schizophrenia , depression, anxiety, mood etc) , 128,144

Pregnancy 67,143–146

Mothers age affecting childhood obesity 105,147

Ageing 148,149

Pattern of body fat distribution
(–visceral vs. subcutaneous fat distribution) 26,41,150,151

Genetics 152-154 

Low BMR 155

Stress (general stress ) Postpartum stress 156–159

Job strain 158,159

Table 11 Possible socio-cultural & psychological factors implicated in obesity 
and overweight published in literature

Socio-cultural & psychological causes of obesity References

Food marketing and advertising 160–162

Hidden calories 21,163–167

Culture 168–170

Family & Parental influences 171,172

Migration & acculturation 162,174–180

Psychological factors

Mood 181

Depression 182

Self esteem 183

Emotional problem 53,184–186

The proven causes of overweight and obesity documented in 
Literature: Basically excess weight results from energy imbalance 

caused when there is surplus energy intake (i.e. eating more calories 
than is actually needed), or decreased energy expenditure (not burning 
enough of consumed calories through regular physical activity, 
exercise & metabolism) or a combination of surplus energy intake and 
decreased energy expenditure. This situation where energy intake is 
more than energy output leads to positive energy balance and energy 
storage, which manifests as fat accumulation, weight gain, overweight 
and obesity. A person becomes fat when there is excess fat intake. The 
excess fat fills up adipose tissue which swells up. If available adipose 
tissues are not sufficient for the excess fat, body makes more fat cells 
and adipose tissues to store the excess fat. This excess fat manifests 
as ‘obesity bulges’ or ‘fat swells’. Sometimes obesity can still result 
from unknown reasons despite increase in activity and diet control. 
Genetic pre-disposition to overweight, inherited traits from family 
tree, and presence of so called ‘thrifty genes’ that help to conserve 
calories, despite absence of famine, have been offered as reasons for 
obesity.

Several factors46 published in literature contribute to or cause 
the obesity epidemic, and as more research in weight management 
continues, more contributing factors continue to be found. These 
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factors are grouped into many related categories such as (i)diet, (ii) 
inactivity, (iii) lifestyle and eating behaviour, (iv) health conditions 
& medications, (v) environmental factors (vi) food processing and 
preparation methods, (vii) genetics (viii) body fat distribution (ix) 
food marketing and advertising,(x) mothers age(xi) pregnancy, (xii) 
culture (xiii) family factors, as well as (xiv)psycho-social factors and 
related conditions. These groups of related factors will be discussed in 
detail, and tabulated in Table 6‒11.

I.	 Diet related factors that cause obesity: This group of factors is 
among the most important ones attributed to causing the obesity 
and overweight epidemic especially in developed countries 
where there is abundant supply of tasty, heavily advertised 
and inexpensive edible foods. Foods are inexpensive because 
of agricultural policies and techniques in some developed 
countries. In the USA for example, farmers get subsidies for 
corn, soy, wheat and rice through the Farm Bill which makes 
products from these subsided crops less expensive compared 
to fresh fruits and vegetables that get no such subsidies. Many 
experts are of the opinion that if people can control their dietary 
intake, it will go a long way in curtailing the obesity problems. 

Dietary factors contributing to obesity include the food portion 
size, fat intake, high intake of other caloric macronutrients as well as 
intake of fried food, fast and junk foods. Dietary factors also include 
consumption of soft drinks and caloric beverages, as well as low 
intake of fiber, fruits and vegetables. It may also include, over-eating 
or binge eating, use of artificial sweeteners and high fructose corn 
syrup as well as insufficient dietary calcium intake. Not breastfeeding 
of child, shortened duration of breastfeeding or increased formula 
feeding of child can result in childhood obesity. Intestinal microbes 
are some of the other dietary factors implicated in obesity epidemic. 
The list of possible diet related factors are presented in Table 6. Some 
of these factors and supporting research are described below:

a.	 Food portion size: Food, in developed countries, is easily 
available all year round and quite inexpensive, frequently 
advertised in television and billboards, very tasty and served in 
large portions, or served with large plates. Large food portions 
are served as “all you can eat buffets” or “super-sized meals”, 
“king size” or “queen size” meals and free drink refills in 
homes and some restaurants. People therefore tend to consume 
large amounts of food more frequently, and very few people 
experience the hunger observed in some developing countries.

On the other hand, affluent people in developing countries also 
tend to over eat and also do less activity because they have disposable 
incomes to purchase excess amount of food both home grown or 
imported foods. They can also afford to buy labor or outsource house 
work and childcare. Affluent people also do less walking and rather 
move around in cars, thereby minimizing opportunity to burn food 
calories. 

Increased food portion size and frequent consumption of energy 
dense foods increase caloric intake. If there is no corresponding 
physical activity to burn off some consumed excess calories or if 
metabolism is slow, this lack of energy expenditure leads to excess 
weight and hence obesity and overweight. Large food portion size 
and frequent consumption of readily available food have been 
reported to contribute to the upward trends in obesity and overweight 
problems.47–49

b.	 High fat intake: High intake of total fat, saturated fat and trans 

fat have also been implicated in the obesity and overweight 
problems.50,51

c.	 Fast foods & Fried foods: Many people live a busy lifestyle 
and in most dual income families, both parents work outside 
the home and there is little time to prepare and cook elaborate 
meals from the scratch except on weekends. Hence many 
consumers, including children, resort to fast food restaurants 
where the food is fast, convenient, affordable and tastes good 
but the food is sometimes fried, high in salt, sugar and fat. This 
excessive intake of fast foods and fried foods has contributed 
to the obesity problem.52–55

d.	 Junk foods: Junk foods are packaged convenience foods or 
snacks with low nutritional value. Since such foods contain 
very little nutrients, frequent consumption of junk foods leads 
to un-healthy weight gain and obesity especially in children.56

e.	 Soft drinks, high caloric beverages & alcoholic drinks: 
Consumers especially children55–57 who drink these caloric 
beverages such as soft drinks, juices, juice blends, energy 
drinks and alcohols tend to consume them in large quantities 
and at a fast rate because of their sweetness or alcoholic 
content. Since these drinks have low satiety values, consumers 
eat solid foods, in addition to the drinks, which results high 
in caloric intake. Consumption of soft drinks58 or, high caloric 
drinks, sugar flavored tea, creamy coffee, sugar sweetened 
beverages, energy drinks, juices and blends, have been reported 
to play a role in obesity.59–61 Similarly excessive consumption 
of alcoholic drinks has been implicated as possible causes of 
obesity.62

f.	 Over eating and binge eating including snack foods: 
Consumers who over eat specialty foods high in free sugar 
and fat, tend to store more calories that lead to overweight.54–64 
Children and adolescents who consume a lot of snack foods 
(chips, baked goods, cookies, candies, beverages) in addition to 
traditional family foods are at high risk of childhood obesity.55,59

g.	 Consumption of High Fructose Corn Syrup (HFCS) & 
Artificial Sweeteners: Consumption of HFCS in sweetened 
foods and beverages has been implicated in the obesity 
epidemic.70,75 Similarly artificial sweeteners have been 
implicated indirectly to increase obesity by increasing food 
cravings.60,61

h.	 Insufficient dietary calcium: Consumption of insufficient 
dietary calcium has been implicated as one of the causes of 
obesity.62

i.	 Low intake of fiber, fruits and vegetables: Fiber in fruits and 
vegetables gives bulk to the diet, are very filling and reduce the 
amount of caloric macronutrients consumed and absorbed from 
food. However, a diet low in fiber, fruits and vegetables can 
lead to high intake of caloric macronutrients. Reduced intake 
of fiber can lead to high intake of non fiber foods and increase 
amount of absorbed calories. Studies have implicated lack of 
intake of fiber, fruits and vegetables to the increasing obesity 
trends.63,64 

j.	 Not breast feeding a child or shortened breast feeding 
duration : Several studies have shown that babies who were 
not breastfed at all but rather fed on infant formula, or babies 
who had very short duration of breastfeeding, had a higher 
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rates of obesity and overweight compared to babies breast fed 
for long duration.69 Prolonged and exclusive breastfeeding on 
the other hand have been suggested to be protective factors in 
obesity in children.70–72 There is also high risk of obesity in both 
mothers and babies if mothers did not breast feed.73

k.	 Intestinal microbes: The human gut is a habitat for different 
types and amounts of bacteria and other microbes that interact 
with each other and their human host, and consequently affect 
nutrition and metabolism of foods.74 These gut microbes 
play useful roles in metabolism such as synthesis of B-group 
vitamins and vitamin K, absorption of ions (such as Mg+2, 
Fe+2,Ca+2 ), synthesis of short chain fatty acids (such as 
butyrates, propionates, acetates),that act as energy source for 
colon and liver cells. These microbes also facilitate stimulation 
of cell growth, repression of growth of bad bacteria and 
activation of immune system to respond to invading harmful 
microbes. The intestinal microbes also facilitate removal of 
some end products of fermentation such as hydrogen and play 
a role in protection from some diseases.75 Changes in the types 
and amounts of these microbes occur due to the type of foods 
consumed or medications used. Changes in quantity and types 
of these gut microbes and their interaction with intestinal cells 
have been linked to obesity in some individuals.76–80 

l.	 Use of antibiotics in food animals and other human foods: 
Antibiotics are used in food animals to enhance animal growth, 
increase their productivity, and also prevent infection in 
overcrowded pens and farms. Antibiotics are commonly used 
in farms for raising pigs, cattle, chicken, fish, etc. The downside 
to use of antibiotics is that antibiotic overuse or abuse has been 
implicated not only in the rise of superbugs81,82 but also, in 
inducing overweight and obesity in humans.83,84

II.	 Activity related factors that cause obesity: The most 
important factors, besides dietary factors, implicated in causing 
the obesity problem are activity related factors such as physical 
inactivity, lack of exercise or too little exercise, sedentary 
lifestyle, increased reliance on personal or public automobiles 
and other easy means of transportation, sedentary activities, 
reliance on mechanized manufacturing, increased screen time 
as well as increased sitting time. Table 7 shows a list of some 
activity related factors that cause obesity and overweight. Some 
of these factors and supporting research are described below. 

a.	 Physical inactivity: The level of physical activity and 
exercise has decreased in many populations because of 
convenient transportation and technology that have reduced 
amount of time and energy spent in work or play. Many 
manufacturing or construction jobs that cause sweat and 
use physical labor are now automated. Most people drive 
instead of walking, even for short distances; others prefer 
to take elevators or lifts instead of walking the stairs. 
Children are driven to school by cars and buses instead 
of walking to school, for various reasons such as safety, 
convenience especially during inclement weather, distance 
from school, fear of child molesters, fear of abductors and 
kidnapers. House work has been made easy with machines 
and electronic household gadgets and people hardly sweat 
any more. Some affluent people even outsource house 
work, child care and yard work. Opportunity to burn excess 
calories is therefore scarce, so most unused food energy 
is stored as fat, contributing to the obesity epidemic as 
discussed in some studies.85–87

b.	 Lack of exercise. Lack of exercise (or programmed physical 
activity such as sports, going to gym or taking walks) has 
been implicated in the obesity epidemic in adults and 
children. Because of lean budgets, many schools are cutting 
off money allocated to physical exercise (popularly known 
as PE) and re-allocating the fund to other school needs. If 
children do not form the habit of exercising early in life, 
they might become inactive and gain weight and become 
obese; obese kids end up becoming obese adults with its 
adverse consequences.88–91 

c.	 Sedentary activities & too much sitting time: Sedentary 
activities and too much sitting time lead to decreased energy 
expenditure and increased energy storage that results in 
fat storage, low lean body mass, overweight and obesity. 
People whose daily jobs involve prolonged sitting in one 
place such as bus, train, truck and taxi drivers, or sedentary 
office workers have been known to gain weight excessively 
if they make no attempts at being physically active each 
day according many studies.92,93 Similarly sitting down too 
much, (including immobility / being wheel chair bound) 
whether at home or at work, leads to excess weight gain.94 

d.	 Prolonged screen time: Children and adults who sit in one 
place watching television, playing video games or computer 
games or spending a lot of time on the internet, tend to gain 
weight if they make no attempt to include exercise and 
physical activity in their routines. This can lead to obesity 
according to many studies.95,96 

III.	 Lifestyle and behaviour related factors that cause obesity: 
Several lifestyle and behaviour factors have been implicated as 
the causes of obesity. These are documented in several studies 
listed in Table 8 and include the following:

a.	 Sedentary life style97–99

b.	 Eating out frequently in traditional and non- traditional 
restaurants instead of cooking at home100,101

c.	 Frequent vacations involving sumptuous dining and 
wining102

d.	  Insufficient sleep or lack of sleep103

e.	 Staying home watching television and movies all day104,105

f.	 Shift work, night shift and unusual work schedules106

g.	 Eating patterns and eating behaviours107,108 

h.	 Too much sitting instead of moving109

i.	 Sudden discontinuation of smoking.110,111

IV.	 Environmental related factors that cause obesity: Several 
environmental factors (Table 9) have been implicated as 
contributing to the obesity epidemic as documented in several 
studies. These include: 

a.	 Food environment112–114

b.	 Unsafe recreation & living areas115–118 

c.	 Unwholesome foods119

d.	 Low ambient temperature: Sometimes obesity could result 
from sitting for long time in low ambient temperatures. 
Several reports have implicated sedentary lifestyle in air 
conditioned environment in the cause of obesity.120–122 
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e.	 Food deserts: Other environmental conditions leading to 
obesity include food deserts. Food deserts are geographic 
areas or communities with limited or no access to fresh, 
affordable, culturally relevant nutritious foods. It is also 
a place without nearby grocery stores, supermarkets, and 
neighbourhood farms and farmers markets. In food deserts, 
healthy foods (e.g. fresh fruits and vegetables, fresh low 
fat dairy, whole grains, lean protein & other whole foods) 
are difficult to obtain because of logistical, transportation, 
availability of such foods or economic barriers. Instead of 
healthful grocery stores, food deserts harbor convenience 
stores, corner stores and fast food joints that sell processed 
foods high in fat, sugar and salt all day. Studies have 
implicated food deserts in the rising obesity epidemic in 
poor communities.123,124

f.	 Obesogenic Chemicals & Foods in the Environment. 
Certain culprit chemicals in the food environment, the 
so called obesogenic chemicals, have been implicated to 
disrupt metabolism and induce weight gain, thereby causing 
obesity.125,126 These chemicals include: 

i)	 Endocrine disrupters: The endocrine 
disruptors,(Bisphenol A, phthalates, atrazine, organotins 
and perfluorooctanoic acid present in non stick pans and 
many other chemicals) have been implicated in causing 
obesity127,128 

ii)	Obesogenic foods: Similarly consuming obesogenic 
foods coupled with obesogenic activity have been 
implicated in the obesity epidemic.129

V.	 Health conditions, body dysfunctions & medications 
related causes of obesity: Many health conditions are 
implicated in causing obesity according to reports in literature. 
These include: hormonal malfunctions, mental health and 
psychological problems, appetite and satiety dysfunction in the 
brain, problems with brain neurotransmitters, problems with 
general prescription medications, side effects of psychiatric 
drugs, as well as attention deficit hyperactive disorder (ADHD). 
These conditions which result in obesity are listed in Table 10 
and have been described in the studies listed below.

a.	 Hormonal malfunctions and syndromes 

i.	 Hypothyroidism130

ii.	Prader Willie syndrome131

iii.	Polycystic ovarian syndrome or PCOS132–134

iv.	Cushing’s syndrome135

v.	 Other endocrine diseases,136 such as growth hormone 
deficiency 

vi.	Other eating disorders such as binge eating disorder and 
night eating syndromes 16.

b.	 Mental health and psychiatric problems: Similarly mental 
health problems/ psychiatric disorders have been implicated 
in causing obesity. These include: Dépression,137–139 
Schizophrenia, -mood and anxiety disorders have been 
implicated in obesity and overweight according to published 
studies.139–141

c.	 Appetite and satiety center dysfunction in brain: The 
brain also plays a role in obesity problem. Dysfunction 

of the satiety and appetite centers in hypothalamus of the 
brain142 have been implicated in causing obesity 

d.	 Frontal cortex dysfunction in the brain: Dysfunction in 
the frontal cortex which controls impulse, lead to extreme 
eating behaviours that result in overweight and obesity143,144 

e.	 Problem with brain neurotransmitters: Sometimes 
obesity could be caused by the problems with brain neuro 
-transmitters that lead to binge eating145

f.	 Attention Deficit Hyperactive Disorder (ADHD): Some 
mental health disorders like ADHD in children has been 
implicated in causing adult obesity.146 

g.	 Prescription drugs for general diseases: Prescription 
drugs for various diseases have been implicated in the 
obesity problem as weight gain is one of the side effects 
of these drugs. Common prescription drugs for general 
diseases like diabetes, hypertension or conditions like 
allergy, contraception, corticosteroids and other health 
issues have been implicated in causing obesity.147

h.	 Psychiatric medications: Some psychotropic drugs 
prescribed for mental health disorders also have weight gain 
as their side effects.138–140

i.	 Pregnancy: Many women gain weight following their first 
and subsequent pregnancies.69,148 If efforts are not made to 
lose the pregnancy-induced weight gain or the so called 
‘puppy fat’, the weight persists and gets larger with the next 
and subsequent pregnancies. Frequent pregnancies as well 
as short inter-pregnancy interval (IPI) are correlated with 
high weight gain and obesity in women.148–151

j.	 Age of mother: Mother’s age has been reported to affect 
not only child hood obesity but also visceral fat distribution 
and accumulation in the mother.106,152

k.	 Ageing and related factors: Both adults and children are 
capable of developing the obese weight status. However, 
ageing in some people is accompanied by low muscle mass, 
lower metabolism, decreased activity level, lower energy 
expenditure and lower caloric needs. Older people therefore 
tend to store calories from food much easily and gain 
weight since their activity level and energy expenditures 
are slowed down. These decreased energy expenditure and 
activity levels in older adults have been reported in many 
studies.153,154 

l.	 Factors related to pattern of body fat distribution: An 
individual’s pattern of fat distribution such as visceral 
versus subcutaneous fat also plays a role in the causes of 
obesity.27,42,156,157

m.	Genetic factors that cause of obesity: Some people 
are born big in their families and always have high BMI 
whether they diet or not, while others do not gain weight 
no matter how much food they consume. Genetics is an 
important factor affecting obesity and overweight as BMI 
status runs in some families and is a heritable trait.102,158–160 
Genetics plays a greater role in body fat distribution than 
environmental factors.

n.	 Lower basal metabolic rate (BMR) as a cause of obesity: 
The BMR is the energy in calories that the body spends to 
function at rest and for supporting vital body functions in 
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neutral temperate environment and post absorptive state. 
Some studies suggest that obese people have lower BMR 
compared to non-obese counterparts. However it is difficult 
to predict BMR in obese patients according to some 
reports.161

o.	 General and postpartum stress as causes of obesity: 
Physical and mental stress have been implicated as 
potential causes of obesity.162,163 Job strain and job related 
stress have also been implicated in the causes of obesity 
and overweight.164,165 Postpartum stress is also implicated as 
causes of maternal weight retention and obesity.166

VI.	 Socio-cultural & psychological factors that cause obesity 
& overweight: Many factors including food marketing and 
advertising, hidden calories, culture, family factors, parental 
influences, migration and acculturation as well as other psycho-
social factors cause obesity. These are listed in Table 11.

a.	 Food marketing and advertising: Media marketing 
and advertising of foods and snacks such as sweetened 
beverages, soft drinks, salty & sugary snacks, baked foods 
and sweetened cereals entice children and young adults 
into eating these foods very often. The more advertising 
the children and adolescents are exposed to advertised 
foods, the more they patronize these foods. Consumption 
of these advertised foods lead to weight gain and eventual 
overweight and obesity.167–169 

b.	 Hidden calories: Few reports have implicated hidden 
calories as some of the causes of rising obesity and 
overweight trends.21,169,170 Many factors including social, 
political, economic and lifestyle factors that resulted in the 
increasing weight trends around the world are indirect and 
hidden from the consumer according to some published 
reports.21,171

c.	 Culture: Although obesity and overweight are discouraged 
by health care personnel because of the health and quality 
of life consequences, these types of body weight status 
are sometimes welcomed and revered in some developing 
countries. In such countries, high body mass is regarded 
as evidence of good living and a sign of wealth, fertility 
and beauty.172,155 The reason for high regard for obese and 
overweight people in low and middle income countries 
is because an overweight /obese person is presumed to 
be wealthy or at least richer than the average citizen. An 
overweight person is perceived to be pretty well off since 
he or she can afford excess food in a place where food is 
sometimes scarce, seasonal, not easily available and not 
affordable by most people. There is an erroneous perception 
that only the rich people can afford to eat excess food or 
gain excessive weight. 

Moreover many indigenous dresses like wrappers and flowing 
gowns fit better on a person with ample body mass, or people regarded 
as ‘pleasantly plump’ compared to a ‘skinny’ or ‘lean’ persons. In 
addition, overweight or obese women are erroneously presumed to be 
more fertile than their thin counterparts. Many people in developing 
countries therefore make efforts to eat more food to gain weight so 
as to be ‘respected’ in their local communities. In many areas of the 
world, food has social, cultural and religious uses. In addition, food is 
sometimes used to express love, power, reward, prestige, control and 
sometimes hostility in some cultures. 

Recent studies however report that as socio economic status in 
poor countries increase, obesity trend increases just like in developed 
countries; weight gain which was no problem in the past is now a 
worry for developing countries because of obesity co-morbidities such 
as diabetes, hypertension, heart disease that accompany obesity.173. In 
some developed countries, some people use food as a reward, and 
some people deliberately over eat and this consequently results in 
obesity.174

a.	 Family and parental influences: The type of food choices 
and dietary patterns of families affect the weight of adults and 
children in the households. Children exposed to high food 
consumption or to consumption of high caloric food and sugary 
drinks, tend to grow up with such eating patterns and food 
preferences that were formed early in life. Similarly, families 
consuming few fruits and vegetables or none at all, tend to pass 
these eating habits to their children.175

b.	 Family activities and habits: Engagement in sedentary 
activities by adults in the family or non-participation in 
physical activities, tend to influence children who view adults 
as role models. Reports from literature show that having 
obese or overweight parents and family members or friends 
, tend to influence children and is associated with obesity in 
children.175,176

c.	 Migration and acculturation: Because of insecurity and 
economic upheavals in many parts of the world, many people 
are migrating from their native countries to richer countries in 
search of better life and opportunities in education, medicine, 
jobs, technology and finance and above all, for safety. Many 
studies have documented the association between migration and 
obesity in people who migrate from low or mid income countries 
to high income countries.162,176,177 As people move from their 
traditional environments to rich host countries, their lifestyle, 
eating habits and physical activity habits change. Consequently, 
migration, acculturation and changes in feeding and activity 
behaviours have resulted in obesity in immigrants.163,178,179 
Studies have also shown that immigrants who try to retain their 
cultural feeding and activity practices despite the prevailing 
norms in their rich host countries tend to reduce the prevalence 
of obesity in their new communities.168,180,181 

d.	 Psychological factors: Some studies have shown that people 
who are depressed tend to eat comfort food to elevate their 
mood, thereby leading to obesity.182 Depression can occur in 
adults, children and adolescents. Depression has a bidirectional 
relationship with obesity, hence depression can be a cause of 
obesity as well as a consequence of obesity.53,183 Some people 
who have low self esteem and poor body image tend to over 
eat and become obese.184 Some obese children also tend to 
have emotional problems as reported in some studies.1 Body 
dissatisfaction in some adolescents can lead to depression and 
over consumption of foods which can lead to overweight and 
obesity. Body dissatisfaction in obese adolescents has been 
reported to be more common in girls than boys.185,186

Strategies for prevention of obesity and overweight:

Several strategies for preventing overweight and obesity involve 
raising awareness about obesity and its consequences, food calories 
and their effects as well as diet control. It also involves reading 
food labels, making good food choices and eating healthy foods. On 
a personal level, a consumer who has a hunch that certain foods or 
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activities could likely cause their weight gain should stop such foods 
or activities and err on the side of caution until proven otherwise. 
Sometimes peoples gut feelings about a food or a habit tend to be 
right, though this is not always the case. Government regulators 
should mandate the sites for healthy food and grocery stores in 
various neighbourhoods instead of creating food deserts. They should 
also mandate food manufacturers to make and market healthy food 
products. 

Other important strategies include physical activity and behaviour 
modification. Local, state and federal government regulators should 
encourage physical activity at personal and community levels by 
building better walk ways, sidewalks, bicycle paths, recreation areas 
and healthy living environments. Policies that encourage physical 
activity should be created by all levels of government. The Mass in 
Motion program, a public health program in the state of Massachusetts 
(MA) in the USA, is a model example of encouraging physical activity 
and good nutrition starting at local and community levels. The state 
of MA is one of the healthiest states in the USA187,188 (Massachusetts 

has a high number of people who have health insurance, excellent 
healthcare for mothers and children, good health promotion and 
adequate healthcare for all in the general population), Such good 
public health programs and general healthcare in MA which promote 
population health and healthy activity are worthy of emulation by 
other states and countries. For optimal health, people should follow 
the regulatory guidelines for good nutrition, food and health such as 
the USDA My Plate Food Guide of 2015,189 the 2015-2020 Dietary 
Guidelines for Americans or DGA 190 as well as the Healthy People 
2020 Guideline or HP 2020 191.

A joint effort by individuals and families, neighbourhoods, 
communities & villages, towns & cities, schools, colleges & 
universities, states and countries are important in fighting this epidemic. 
In addition, businesses, for profit and non-profit organizations, as well 
as various levels of government in various countries should partner 
together to prevent or reduce obesity and its consequences so as to 
improve population health. Some strategies for prevention of obesity 
are summarized in Table 12.

Table 12 Strategies for prevention of obesity and overweight

Strategies for Prevention of Obesity and Overweight:

Consumer education on consequences of excess calories

Consumer awareness of hidden and obvious calories as causes of overweight and obesity

Reading food labels & properly interpreting calorie claims and making healthy food choices

Cutting down calories by consuming low calorie foods, low calorie beverages and reducing sweet /fatty snacks; cutting down on sweet or creamy drinks 
and beverages or eliminating them at some eating occasions

Adopting diets known to lower blood sugar, blood pressure & heart disease e.g. diabetic diet, vegetarian diet, Mediterranean diet & DASH Diet and TLC 
diet for high cholesterol

Increasing physical activity, doing some activity every day and avoiding sedentary lifestyle, increase walk time, standing time, and exercise time; creating 
environments suitable for physical activity.

Food Portion size control/total calorie intake reduction/Use of small plate size

Use My Plate food guide for selecting food to eat and follow a healthy eating pattern

Follow the recent 2015 DGA which emphasizes healthy food pattern and reducing added sugar, excess fat and added salt as well as following the HP 2020 
guidelines

Use low calorie substitutes in place of high calorie foods

Gradual sugar and fat reduction as well as gradual reduction of salty caloric foods

Eating more fresh foods-fruits, vegetables, whole grains and foods high in fiber instead of processed foods high in fat, sugar, salt and additives.

Behavior and lifestyle modification

Improve sleep, reduce stress, reduce alcohol and smoking

Eating in moderation high caloric foods even if they high in other nutrients or even if they are the only options available e.g. avocado, nuts, olive oil, cheese 
foods, full fat milk(whole milk)

Eating in moderation any food promoted as healthy , natural or traditional as they may also be high in calories

Research food before eating whether at home or in restaurants

Counting calories in all foods and snacks eaten at home or outside the home

Make healthier food choices by observing the calorie count laws and the nutrition facts panel and by being cognizant of calorie consumption in each meal 
at restaurants or home.

Limit unhealthy foods--refined grains, white potato, yam, other white starchy foods, red meat, processed meat

Limit unhealthy beverages, sugary drinks, colas, sweet carbonated beverages, creamy enriched coffees and energy drinks; reduce quantity of fruit juice and 
alcohol consumed

Limit television time, sitting time, use of computer and video games, screen time

Government to enact laws and policies for good physical activity, good food and health.

https://doi.org/10.15406/aowmc.2016.05.00121


Assessment of obesity, presumed and proven causes and prevention strategies: a review 213
Copyright:

©2016 Uzogara

Citation: Uzogara SG. Assessment of obesity, presumed and proven causes and prevention strategies: a review. Adv Obes Weight Manag Control. 
2016;5(1):199‒217. DOI: 10.15406/aowmc.2016.05.00121

Conclusion 
The obesity epidemic is a reality in many developed and developing 

countries. A concerted effort is needed to fight the problem. Health 
care workers and individuals need to know how to assess obesity 
in private, clinical or community settings. They should also be 
conversant with the various causes of obesity as well as cost effective 
prevention and intervention strategies. Public health education on 
excessive weight gain and its consequences are necessary so as to 
inform and empower the public. An informed public will be enabled 
to take appropriate action in making better food choices, increase 
physical activity, modify their lifestyle and behaviour and do a regular 
health check so as to fight obesity and promote health.

A healthy public will save healthcare dollars, save lives, safeguard 
health, minimize use of health care resources which can then be made 
available for the those most in need of these resources. A healthy 
public will also lead to increased work productivity and improved 
quality of life. A concerted effort by individuals, health professionals, 
educators , businesses and government regulators is needed to fight 
the epidemic, and will ensure good health and wellness in many 
populations.
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