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 The prevalence of obesity has dramatically increased in the US and worldwide over 
the last 2 to 3 decades.1 Obesity is developed when lipids in the form of triacylglycerol are ac-
cumulated in the adipose tissue. However, obesity is not only a problem of energy imbalance 
since it is associated with changes of concentrations of circulating nutrients, metabolites, and 
adipokines. These adipokines, a type of cytokines secreted from adipocytes, are involved in 
regulation of satiety, inflammation, and other physiological functions.2 The increased levels 
of certain metabolites and decreased levels of essential nutrients in obesity are related with 
its complications as well. Therefore, obesity is a risk factor of type 2 diabetes, coronary heart 
disease (CHD), stroke, hypertension, and cancer, despite the fact as one of the major chronic 
diseases worldwide. Recently, obesity has been defined as a medical condition by the American 
Medical Association (AMA).

 The most useful methods to prevent and to treat obesity are still focused on energy bal-
ance at present. The combination of calorie restriction and physical exercise has been proved 
to be the most effective way to maintain a healthy weight status. However, the trials with short 
periods of time for prevention and treatment of obesity might have not demonstrated the impor-
tance of micronutrients.

 Calorie restriction is an old concept for body weight control. This concept was based 
on the theory that the calories stored in the fat tissue were equal to the total calorie intake minus 
the calorie expenditure. Therefore, as a strategy to control body weight by reducing calorie in-
take, a portion of the fat components in food products were replaced by refined carbohydrates 
in 1970’s since fats contain more calories than carbohydrates.3 This change was well correlated 
with the first peak of dramatic increase of obesity in early 1980’s. Recent studies indicated 
that high fat intake was associated with high energy expenditure and refined carbohydrates 
were associated with high prevalence of obesity/type 2 diabetes.4 Therefore, the new emerging 
weight control strategy is focused on using high quality foods with reduced amount of simple 
carbohydrates than paying attention on quantity of total calorie intake, of course, while still 
limiting total calorie intake. Therefore, this old concept has a new meaning now. In 2016, the 
Dietary Approaches to Stop Hypertension (DASH) diet was ranked as the number 1 for the 
“Best Diets Overall” and for “Best Diets for Healthy Eating”, number 2 for “Best Diabetes 
Diets”, and number 3 for “Best Heart-Healthy Diets” out of 38 diets tested in the US News & 
World Report’s annual Best Diets rankings. The DASH diet is rich in vegetables, fruits, whole 
grains, low-fat dairy products, includes fish, poultry, nuts, beans, and is limited in foods with 
simple sugar. As the diet is rich in fat, Atkins Diet was ranked as the number 3 for “Best Fast 
Weight-Loss Diets” in the same rankings. These ranking results are a good reflection of the new 
understanding of calorie restriction in obesity management.

 The question why low calorie intake of diets containing high refined carbohydrates is 
associated with obesity is not totally clear at this moment.5 It is suspected that refined carbo-
hydrates can change the metabolism to the fat storage mode. It is likely that increased blood 
insulin levels associated with high blood glucose levels induced by refined carbohydrate might 
be involved in storing extra energy as lipids in the adipocytes.5 The detailed mechanisms need 
to be addressed by studies at the molecular level using nutritional genomics, epigenetics, and 
cell signaling approaches. These studies might be able to identify target molecules that can 
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switch our metabolism between the fat storage mode and the fat consuming mode. Therefore, it will be possible to design new drugs 
that target the molecules for the purpose to reduce body fat at a controlled speed.

 During calorie restriction, artificial sweeteners are often used in place of simple sugars such as table sugar (sucrose), 
glucose, and fructose to reduce calorie intake, although current available scientific data in the literature do not provide proof that 
artificial sugar substitutes are beneficial in terms of weight management, blood glucose control, and the incidence of type 2 diabe-
tes.6 In addition, the possibilities of inducing cancer and other negative effects such as oxidative stress by certain sweeteners are not 
totally excluded.6,7 More importantly, there is no evidence indicating that artificial sweeteners do not affect levels of hormones that 
are related with carbohydrate metabolism.8 Therefore, it is ideal at this time that artificial sweeteners are only used during the tran-
sient time of weight loss. At the same time, it is necessary to carry out studies using animal models to address whether the artificial 
sweeteners affect hormones involved in energy homeostasis or not.

 Most obesity treatment strategies involve lifestyle management including to increase physical exercise. Physical exercise 
is not only helpful to increase energy expenditure but also, more importantly, is able to activate enzymes involved in metabolism 
pathways, able to improve vascular mitochondrial function, and able to modulate oxidative stress and inflammation.9 It has been 
demonstrated that certain enzymes can only be activated by physical exercise. Some hormones such as adiponectin can be increased 
by physical exercise, good life-style, and certain drugs such as statins while obesity decreases circulating adiponectin concentra-
tion.10 Adiponectin is secreted from adipocytes is the hormone with almost all positive effects. It increases glucose uptake, decreases 
gluconeogenesis, stimulates fatty acid oxidation, increases insulin sensitivity, upregulate uncoupling protein levels, decrease tumor 
necrosis factor alpha (TNFα) levels.2 Glucose is a preferred energy source for high intensity exercise and also used during moderate-
intensity exercise.11 It has been proved that exercise increases blood glucose regulation by increase cell membrane glucose trans-
porter GLUT4 localization in muscle and adipose tissue.11 The mechanism is not yet clear at this time.

 In conclusion, community based prevention strategies based on the new understanding of calorie restriction should be used 
to battle the high and increasing prevalence of obesity while mechanism studies should be used to search for drug targets for treat-
ment.
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ABSTRACT

Understanding and detecting patterns of body composition change and lifestyle factors that 
influence the development of effective strategies to optimise the health and well-being of the 
elderly are important. Therefore current research aimed to discover the strength of the cor-
relation between an elderly populations Body Mass Index (BMI) and lifestyle characteristics 
including diet, physical activity, mobility, balance, sleep, smoking, alcohol consumption and 
well-being and whether there were any gender differences between BMI measures and lifestyle 
characteristics. A convenience sample, of n=20 elderly individuals were used in this study (x±s; 
age=4.40±7.88 years; stretched stature=1.65±0.08 m and body mass=75.98±11.65 kg) consist-
ing of 8 and 12 males. Body composition was measured through participant’s body mass (kg) 
divided by height (m) squared to gain a BMI measurement (kg/m²). Lifestyle characteristics 
were measured quantitatively through Likert scales that followed a pre-validated question-
naire similar to that of Ansari et al.1 BMI measures and Lifestyle questionnaire percentage 
scores within each gender were then compared using paired sample t-test (α=0.05) producing 
a Pearson’s Correlation figure to determine the strength of correlations between each lifestyle 
factor and BMI across genders. Results indicated that males had a slightly higher mean BMI of 
28.14±3.27, with a range of 9.4 kg/m2, as the female mean BMI was 27.65±5.06, with a range 
of 13.1 kg/m2. A paired sample t-test produced a higher coefficient of 0.86 when considering 
male’s overall lifestyle characteristics questionnaire score and BMI measures, in contrast a 
coefficient of -0.18 was produced in females. Strong correlations (above 0.7) were detected 
suggesting a positive correlation between male’s diets, mobility, sleep, alcohol and well-being 
with BMI. Moderate correlations were shown between female’s diets, sleep and smoking habit 
with BMI. In conclusion, it is evident that lifestyle habits show positive correlations with BMI 
measures in both males and females. These characteristics should be optimised to improve BMI 
measures, promoting healthier lifestyles and hopefully reduce the suggested burden of the ag-
ing population on society.

KEYWORDS: Body mass index; Elderly; Lifestyle; Body composition; Aging; Well-being.

INTRODUCTION

Considering the current increasing aging population, understanding of elderly individual’s 
body composition, well-being and health promoting and damaging behaviors are important.2 

After retirement people are generally more sedentary, resulting excess calories intake, mak-
ing them prone to degenerative diseases and obesity.2 As a consequence of aging populations, 
countries need to define policies to reduce their burden on society. Promotion of research pro-
viding policymakers with data on the needs of their aging population is the main objective of 
the World Health Organisation’s (WHO’s) International Aging Programme.3

Body Composition in the Elderly Population

With age, it is suggested that body composition changes, altering the percentage of fat, bone, 
water and muscle within the human body.4 Sarcopenia (the loss of skeletal muscle mass and 
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strength through ageing) and increasing body fat are trademarks 
of the aging process.5 The percentage of fat-mass increases, the 
percentage of fat-free mass decreases, and muscle strength de-
creases.6 Kvell et al7 claimed that body weight increases gra-
dually by 8-9 kg until 45-55 (this is predominantly an increase 
in fat-mass with maintained muscle-mass), then after stagnation 
until the age of 65-75, a decline (1-2 kg/decade) in all tissue 
types is seen without any apparent cause e.g. a fat loss diet. Du-
ring this period fat-mass is decreased somewhat, but the loss of 
muscle mass is dominant. Furthermore, it has been suggested by 
Cook et al8 that between twenty and seventy years of age, human 
stature plateaus then slowly decreases in both males and females 
because of senile kyphosis, shortening of the spinal vertebrae 
and thinning of weight bearing cartilages. Therefore understand-
ing patterns of body composition change and the factors that 
influence it will assist appropriately timed and effective strate-
gies to optimise body composition for health and function in the 
elderly, while promoting well-being.5

Body Mass Index of elderly participants

Body mass index (BMI) is an index of body mass-for-height, 
commonly used to classify obesity and under nutrition in various 
populations. Tables of normative values give little credibility to 
the widespread variation between individuals. However, com-
parisons are often made between the individual and a popula-
tion. The norms used are derived from different ethnic and geo-
graphical data or historical population statistics, and the values 
will vary considerably depending on age, gender and ethnicity.9 

With this in mind, it can be argued that BMI is not an appro-
priate tool for use with individuals or in populations for whom 
body composition may be different from that of healthy younger 
adults, such as elderly participants. 

 There has been an increase in average stature and body 
mass over recent generations and with physiological changes, 
equipment variability and observer error can lead to BMI mea-
surement inaccuracy with elderly samples.9 The practicality of 
such a measure is also questionable when considering elderly in-
dividuals. If stature and body mass measurements are requested 
in care home or inpatient settings, they frequently are not car-
ried out because of work pressures, the practicalities of measur-
ing stature on the non-ambulatory or unwell older participant or 
the lack of equipment. Aging populations can struggle to stand 
up straight or attain good positioning in order to take measures 
due to poor joint movement and inability to fully extend limbs 
and spine. Professionals can often rely on self-reporting of adult 
stature because of a lack of staff or difficulty measuring ill or 
immobile patients. However, it has been shown that stature is 
often over-reported and body mass is often under-reported and, 
if translated to BMI, this discrepancy would give an inaccurate 
value.10

 Hughes et al11 used stature collected in the elderly to 
calculate BMI in elderly participants aiming to minimise the 
limitations of body composition changes with age and the im-
mobility of participants. However, the use of an historic stature 

and a current stature in the same individual provided a differ-
ent BMI reading. These two measurements are different and so 
clarification is required on the appropriate stature measurement 
to select in this population. These practical limitations have also 
been encountered in larger-scale studies in older participants.12 
This challenges the view of the Malnutrition Advisory Group 
(British Association for Parenteral and Enteral Nutrition Malnu-
trition Advisory Group, 2000) that BMI is a simple and repro-
ducible measure for assessing malnutrition in older participants.

 Further development of appropriate reference ranges 
for body mass could be established for older participants. These 
reference ranges could be regularly updated to reflect changing 
population trends, as data are collected at 10-yearly intervals. 
Until reference ranges based on such data are defined, it is rec-
ommended that acceptable minimum-maximum body mass val-
ues be adopted in practice.13 Evidence from practice, and litera-
ture searches, does not support the use of BMI when assessing 
under nutrition in older participants. Disease history and physi-
cal changes, including body mass measurement where possible, 
need to be considered. 

 Despite disadvantages of undertaking BMI, such as 
measure error and the little credibility it gives to the varia-
tion between individuals, BMI methodology remains well es-
tablished universal practice that provides simple, low cost and 
easily comparable data. When taking elderly body composition 
measures, BMI the practicality of measures is less invasive and 
more feasible than alternative option, such as hydrostatic weigh-
ing.14 Until more advanced, yet still feasible protocol to easily 
measure participants body composition at low cost arises, gath-
ering stretched stature and body mass measures to calculate an 
elderly individual’s BMI seems appropriate.

METHODS

Participants and Recruitment

A convenience sample of twenty participants was obtained via 
letter invitations to Gloucester, UK elderly people’s care homes, 
which consisted of eight females (x±s; age=75.38±9.58 years; 
stretched stature=1.60±0.06 m; body mass=69.54±13.30 kg) 
and twelve males (x±s; age=73.75±6.90 years; stretched stat-
ure=1.68±0.07 m; body mass=79.46±9.07 kg). Each participant 
was informed as to the nature of the study, and provided with 
an information cover sheet outlining the data collection process 
in a clear manner. Consent was then secured with a participant 
signature. Participants had the right to withdraw their data at 
any given time of the study and anonymity ensured with all par-
ticipants’ number coded. Confidentiality was ensured with data 
accessed electronically via a password protected laptop.

Data Collection

Body mass index (BMI) can only be measured quantitatively 
through acquisition of participants stretched stature and body 
mass. Although minimal clothing is desired whilst undertak-
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ing anthropometric measures, in this case, this was not feasible. 
Removal of shoes was desired, yet this proved difficult for the 
frail participants and so footwear (mainly lightweight slippers) 
were weighed and the mass was subtracted from total body mass 
post body mass measure. Each participant’s stretched stature (m) 
and body mass (kg) measures using a portable stadiometer and 
digital weighing scales (SECA gmbh and co Ltd, Hamburg Ger-
many). Participant’s BMI measurement was calculated by body 
mass (kg) divided by stature (m) squared (kg/m2).15

 Questionnaires were employed to assess participant’s 
lifestyle habits. The questionnaire gained quantitative data us-
ing Likert scales (1-10, 1=healthier option and 10=unhealthier 
option) to measure participants’ lifestyle habits, which included 
variables including diet, sleep pattern, physical activity, mobil-
ity, balance, alcohol consumption, tobacco use and well-being, 
that followed a pre-validated questionnaire similar to that of An-
sari et al.1 

Data Analysis

The quantitative measures of BMI and quantitative lifestyle 
characteristic Likert scales results were analyzed using Micro-
soft Excel (2010) spreadsheet with the mean, standard devia-
tion and range calculations for the overall sample, as well as for 
each gender were generated using the formulas tool. Scores 
from the eight Likert scale questions were added, divided by 
eighty and multiplied by one hundred to produce percentage 
data. Breakdown analysis of each of the questionnaire questions 
was undertaken to identify gender differences and individual 
lifestyle factors and their relationship with BMI measures. BMI 
measures and Lifestyle questionnaire percentage scores within 
each gender were then compared using paired samples t-test 
(α=0.05) producing a Pearson’s Correlation figure to determine 
the strength of the correlation present between the variables. 

RESULTS AND DISCUSSION

Each question of the questionnaire has been summarized and 
related to BMI measures across genders. BMI results have been 
evaluated then correlation has been detected between overall 
lifestyle characteristics score and BMI across both genders. 

Diet

When evaluating the health of participant’s diet, a scale was 
used from 1-10, (1 representing an extremely healthy diet and 10 
representing an extremely unhealthy diet), 70% of participants 
rated their diet between points 2 and 4 suggesting healthy diet. 
Then 25% of participants between points 5 and 6, followed by 
one female (5%) report at scale 9 suggesting an unhealthy diet. 
The mean score rating of the overall sample was 3.95(±1.79), 
males 4(±1.48) and females, slightly less at 3.88(±2.30). A cor-
relation coefficient of 0.8 was detected when undertaking a 
paired samples t-test comparing male diet ratings against male 
BMI measures showing a strong positive correlation. A correla-
tion coefficient of 0.5 was proved by running a t-test compar-

ing female diet rating and BMI measures, suggesting a moderate 
positive correlation. Strong correlation was detected between 
the health of participant’s diet and BMI in elderly males and 
a moderate correlation was shown in females. Much research 
considers dietary supplementation within elderly samples with 
little consideration of overall diet. However it is well known that 
consuming a higher calorie intake, positively correlates with 
higher BMI measures, as possibly supported (assuming a poorer 
diet reflects high calorie intake) by the correlation coefficients 
produced in this research.13 However, it is important to consider 
how participant may have rated their diet as unhealthy due to 
low calorie intake.

Physical Activity

When evaluating participant’s physical activity levels, a scale 
was used from 1-10 (1 representing extremely active and 10 
representing extremely inactive), 65% of the participants rated 
their physical activity levels between points 5 and 9 suggesting 
they were not so active, with just 3 out of these 13 being female 
(Figure 1). The remaining 7(35%) participants rated between 
points 1 and 4 suggesting higher physical activity levels. The 
mean physical activity score rating of the overall sample was 
5.4(±2.56), males 6(± 2.00) and females, less at 4.5(±3.16). 

 
 A correlation coefficient of 0.6 was detected when un-
dertaking a paired samples t-test comparing male physical activ-
ity ratings against male BMI measures showing a moderate posi-
tive correlation. However, a correlation coefficient of 0.1 was 
proved by running a t-test comparing female physical activity 
rating and BMI measures, suggesting no correlation. The moder-
ate correlation detected in the male participants is supported by 
research by Heyn et al,16 as it was concluded that higher physi-
cal activity levels among elderly have a positive influence on 
BMI. The weak correlation found in females supports research 
by Burke et al,17 who struggled to determine whether frequency 
of walking reduces obesity prevalence in elderly. 

Mobility

When evaluating the participant’s mobility, 60% of participants 

Figure 1: Participant physical activity responses showing male and female responses at each 
scale point.
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scored between points 1 and 5 (1=extremely mobile and 10=ex-
tremely immobile) suggesting they were somewhat mobile. The 
mean mobility score rating of the overall sample was 5.05(±2.68), 
males 5.58(± 2.31) and females, less at 4.25(±3.15). A correla-
tion coefficient of 0.8 was detected when undertaking a paired 
samples t-test comparing male mobility ratings against male BMI 
measures showing a strong positive correlation. A correlation co-
efficient of 0.1 was proved by running a t-test comparing female 
mobility ratings and BMI measures, suggesting a weak positive 
correlation. Although females proved a weak correlation, the 
stronger correlation represented in males could be supported by 
La Croix et al18 who reported risk of losing mobility was higher 
in those with higher BMI levels.

Balance

When evaluating the health of participant’s balance, results 
indicated that balance levels varied greatly across participants 
and genders. The mean balance score rating of the overall sam-
ple was 4.85(±2.43), males 5.33(±2.31) and females, less at 
4.13(±3.59). A correlation coefficient of 0.7 was detected when 
undertaking a paired samples t-test comparing male balance rat-
ings against male BMI measures showing a strong positive cor-
relation. A correlation coefficient of 0.2 was proved by running a 
t-test comparing female balance ratings and BMI measures, sug-
gesting a weak positive correlation. Limited research is available 
considering the effects of elderly individual’s balance on BMI. 
Results from this study would suggest that improved balance 
could encourage physical activity amongst elderly people, thus 
improve BMI measures. Bruce et al19 show how fear of falling is 
common in healthy, high-functioning older women due to poor 
balance and independently associated with reduced levels of 
participation in recreational physical activity. In turn it is evident 
higher physical activity levels among elderly have a positive in-
fluence on BMI.16

Sleep Attainment

When evaluating how often participants attained the recom-
mended eight hours of sleep a night, a scale was used from 
1-10(1 representing every night and 10 representing never) 85% 
of participants rated between 1 and 3 suggesting they regularly 
get the recommended 8 hours sleep (35% did every night). The 
mean sleep score rating of the overall sample was 2.45(±1.75), 
males 1.92(±0.79) and females, higher at 3.23(± 2.43). A corre-
lation coefficient of 0.8 was detected when undertaking a paired 
samples t-test comparing male sleep attainment ratings against 
male BMI measures showing a strong positive correlation. A 
correlation coefficient of 0.5 was proved by running a t-test 
comparing female sleep attainment ratings and BMI measures, 
suggesting a positive correlation. These positive correlations 
are supported by Van den Berg et al,20 as conclusions suggest 
that elderly individuals who undertake short sleeping patterns 
or sleep that is highly fragmented are associated with having a 
higher BMI. Research undertaken by Patel et al,21 also supports 
the above correlations. It was detected that elderly individuals 
that slept for less than five hours a night showed greater adipos-

ity and produced a BMI on average 2.5 kg/m² than participants 
who gained eight hours sleep. Other conditions as well as obe-
sity, such as, arthritis, diabetes, lung diseases, stroke and osteo-
porosis have been associated with sleep-related problems such 
as breathing pauses, snoring, daytime sleepiness, restless legs 
and insufficient sleep (<6 hours nightly) in elderly participants.22

Smoking

When evaluating participant tobacco smoking habits of partici-
pants, a scale was used from 1-10 (1 representing an extremely 
never and 10 representing very often), 80% of participants stated 
that they never smoke. The mean smoking score rating of the 
overall sample was 1.7(±1.5), males 2.0(±1.86) and females, 
lower at 1.25(±0.71). A correlation coefficient of 0.4 was de-
tected when undertaking a paired samples t-test comparing male 
tobacco smoking ratings against male BMI measures showing 
a moderate positive correlation. A correlation coefficient of 0.4 
was also proved by running a t-test comparing female tobacco 
smoking ratings and BMI measures, again suggesting a mod-
erate positive correlation. Possible reasoning for the weaker 
strength of the correlations between smoking and BMI may be 
related to the theory that smoking reduces BMI. Allison et al23 
reported that elderly smokers had a mean BMI of 23.6(±4.4) 
compared to a mean BMI of 25.1(±4.2) for non-smokers. They 
concluded that it is plausible that at least some of the increased 
mortality observed with low BMIs in their study could be due to 
cigarette smoking.

Alcohol Consumption

When evaluating how often participants consumed alcohol, a 
scale was used from 1-10 (1 representing never and 10 repre-
senting very often) 20% stated they never drink alcohol, 55% 
rated 2 suggesting very irregular drinking, 20% stated between 
3 and 4, with 1 male rating 7 suggesting fairly regular drinking 
habits.The mean alcohol score rating of the overall sample was 
2.4(± 1.4), males 2.6(±1.78) and females, lower at 2.00(± 0.53). 
A correlation coefficient of 0.7 was detected when undertaking a 
paired samples t-test comparing male alcohol consumption rat-
ings against male BMI measures showing strong positive cor-
relation. A correlation coefficient of 0.3 was proved by running 
a t-test comparing female alcohol consumption ratings and BMI 
measures, again suggesting a weak positive correlation.

CONCLUSION

When considering the strength of the correlation between elder-
ly body mass index results and overall lifestyle characteristics, 
a paired sample t-test produced a strong positive coefficient of 
0.86 when considering male’s overall lifestyle characteristics 
questionnaire score and BMI measures, in contrast with a weak 
negative coefficient of -0.18 produced in females. This suggests 
that male’s lifestyle habits have a greater influence on their BMI 
measures than females.

 Addressing the second aim of this research, although 
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overall a strong positive correlation was detected in males com-
pared to a very weak negative correlation in females, when 
breaking each lifestyle factor down to detect correlations with 
BMI, positive correlation coefficients ranging from 0.1-0.5 
(weak to moderate) were highlighted among females. Stronger 
coefficients were produced when comparing male characteris-
tics and BMI measures ranging from (0.4-0.8). Strong correla-
tions (above 0.7) were detected suggesting a positive correlation 
between male’s diets, mobility, sleep, alcohol and well-being 
with BMI. Moderate correlations were shown between female’s 
diets, sleep and smoking habit with BMI. It can be argued that 
tailored manipulation of such variables may have a positive ef-
fect on one’s BMI. When considering means and standard de-
viations from such means, little difference was shown between 
genders in overall questionnaire score and BMI measures. The 
overall mean average questionnaire score was 39.25% (±14.84) 
with a range of 49%, from 19-68%. On average females scored 
very slightly higher 39.6% (±16.4) than males 39% (±14.45). 
Males had a slightly higher mean BMI of 28.14±3.27, with a 
range of 9.4 kg/m2, as the female mean BMI was 27.65±5.06, 
with a range of 13.1 kg/m2.

 In conclusion, it is evident that particular lifestyle 
habits show positive correlations (of differing strengths) with 
BMI measures in both males and females. These characteristics 
should be manipulated and optimised to improve BMI mea-
sures, promoting healthier lifestyles and hopefully reduce the 
suggested burden of the aging population. As this research has 
proven, stronger correlations are detected when breaking indi-
vidual’s lifestyle habits down to compare them to BMI, more 
advanced and comprehensive breakdown could suggest the most 
beneficial adaptions to elderly individual’s lifestyle to promote 
healthier BMI readings and could aim to detect which factors 
have the greatest influence on BMI measures. Reflecting the cor-
relation proved between BMI and well-being ratings in males 
(coefficient of 0.8), improvements in BMI will not only reduce 
the financial and practical burden of the aging population on 
society, but shall hopefully improve overall well-being among 
elderly individuals.5

 Further investigation into BMI measures and lifestyle 
characteristics within the elderly population is undoubtedly re-
quired. Improvements establishing the sample could be made in 
order to strengthen the generalisability of the results. A larger 
sample form differing cities (possibly even countries to repre-
sent the effect of ethnicity and culture on body compositions) 
could be attained to reduce ethnocentricity. If a large enough 
sample pool is gathered then a randomized design could be em-
ployed to increase representation. If a longitudinal design was 
feasible, results could take into account the elderly participant’s 
BMI measures and lifestyle characteristics beyond the snap shot 
in time. This could make the possibility of detecting patterns in 
data higher, and strengthen the generalisability of data.
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ABSTRACT

Introduction: Schizophrenia is a chronic mental disorder, and treatment is based on the use of 
antipsychotics, such as clozapine. These drugs have been associated with obesity and metabolic 
changes. 
Objective: A systematic review to assess the association of obesity with the use of clozapine in 
schizophrenic patients. 
Method: It was made a search for articles in PUBMED and Capes of the regular databases with 
the keywords “Schizophrenia” “obesity” “clozapine” “weight gain”. The search included arti-
cles in English that were published between 2004 and 2015. We included only articles with re-
trospective studies and the following inclusion criteria: both sexes, patients older than 20 years, 
use of time of clozapine minimum of three months and sample size less than 50 individuals.
Results: They were selected 4 articles contemplated the inclusion criteria. In all items selected 
for this study, obesity was associated with clozapine. 
Conclusions: There is a higher prevalence of overweight and obesity in patients with schi-
zophrenia compared with the general population, this is due to some factors such as the use of 
atypical antipsychotics, such as clozapine.

KEYWORDS: Schizophrenia; Clozapine; Obesity.

ABBREVIATIONS: SZ: Schizophrenia; WHO: World Health Organization; BMI: Body Mass 
Index; IBGE: Brazilian Institute of Geography and Statistics; IMCI: Integrated Management 
of Childhood Illness; QoL: Quality of Life; WHR: Waist/hip ratio; WC: Waist Circumference. 

INTRODUCTION

Schizophrenia (SZ) is a chronic mental disorder that affects about 1% of the world population, 
and mainly happens in the end of adolescence and the beginning of adulthood, regardless of 
gender or social groups.1 It is a disease characterized by distortions in thoughts, bizarre delu-
sions and changes in sensory perception and inappropriate emotional responses that lead pa-
tients to some degree of deterioration.2

	 Its	symptoms	differ	among	individuals	and	may	afflict	them	gradually	or	explosively.	
These symptoms are still divided into negative or positive. Negative symptoms of SZ, facing 
decreased brain function, were described by Kaiser et al3 as	defining	this	condition,	as	it	often	
manifests itself together, and differs from other psychopathological conditions.

 Negative symptoms described were: apathy, loss of pleasures in activities once the 
provided, unwillingness to start a behavior directed at a goal and poverty of speech. As the 
positives symptoms are the level of mental disorders such as delusions, distortion of thoughts, 
unreal perceptions, such as audio-visual hallucinations, excessive anxiety, impulses and ag-
gression.
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 The treatment of SZ, focused on minimizing the symp-
toms, is based on the use of antipsychotics. These drugs are 
inhibitors of psychomotor functions (in excitation and stirring 
conditions) and minimize psychotic symptoms, such as delu-
sions	and	hallucinations.	These	drugs	can	be	classified	as	typical	
or atypical.

 The major typical antipsychotic drugs block only D2 
receptors. The atypical antipsychotic drugs are associated to 
lower risks of extrapyramidal effects, not block D2 receptors 
only, but also other monoamines, such as the 5HT-2. These in-
clude: Clozapine, Olanzapine, Quetiapine and Respiridona.4

 Clozapine is a reference atypical antipsychotic, hav-
ing distinct characteristics of the medications available before 
its release, which showed effective in 30% to 60% of psycho-
ses that do not respond to traditional drugs, and low incidence 
of adverse effects, becoming the main indication for refractory 
schizophrenia. Atypical offer several important advantages over 
typical, including its characteristics of low risk of extrapyrami-
dal symptoms such as akathisia, dystonia, parkinsonism and tar-
dive dyskinesia, improved cognition, reduced suicide and minor 
depression compared with typical antipsychotics at clinically 
relevant doses.5 

 The use of antipsychotics is an important component 
in the clinical treatment of patients with schizophrenia, but has 
been associated with metabolic abnormalities5 and also obesity, 
diabetes, dyslipidemia, metabolic syndrome and high mortality.6

 Associated with pharmacological treatment, nutrition-
al and psychological treatments are very important in the im-
provement of the condition of these patients.7 Obesity is a non-
transmissible chronic disease, which presents itself not only as 
a	 scientific	problem,	but	 also	 as	 a	public	health	problem.	The	
modern lifestyle with a more westernized diet, associated with a 
decrease in physical activity, converges to the increase in world-
wide obesity.8

 According to World Health Organization (WHO), obe-
sity	 is	 defined	 as	 an	 abnormal	 fat	 accumulation	 that	may	 im-
pair health.9 Body mass index (BMI) is an index which corre-
lates weight and height (kg/m2),	thereby	obesity	is	classified	as	
BMI≥30	kg/m2.

 The World Health Organization (WHO) projected that 
in 2005 the world would have 1.6 billion people over the age 
of 15 overweight (Integrated Management of Childhood Illness 
(IMCI)	≥25	kg/m2)	and	400	million	obese	(BMI≥30	kg/m2). The 
projection for 2015 is even more pessimistic: 2.3 billion people 
overweight and 700 million obese. These data indicate a 75% 
increase in obesity cases in 10 years.9

 In 2010, the Brazilian Ministry of Health and the Bra-
zilian Institute of Geography and Statistics (IBGE) released two 
large surveys of the numbers of overweight and obesity in Bra-
zil, called “VIGITEL Brazil 2009: Risk and Protective Factors 

Surveillance for Chronic Diseases using Telephone Survey and 
Household Budget Survey 2008-2009 (POF)”.10

 

 Studies showed an excess weight in 46.6% of the 
population, was higher among men (51.0%) than among women 
(42.3%). Already the POF (2008-2009) shows a steady increase 
of overweight and obesity in the population over 20 years of age 
over 35 years. Overweight nearly tripled among men, 18.5% in 
1974-1975 to 50.1% in 2008-2009. In women, the increase was 
smaller: from 28.7% to 48%.9

 Obesity is associated with a lower quality of life both 
in schizophrenic patients and the general population. This is due 
to eating disorders and metabolic disorders such as oxidative 
stress. These patients deserve greater attention in the manage-
ment and intervention in weight.5

 The objective of this study is to evaluate the association 
of obesity with the use of clozapine in schizophrenic patients, as 
explained above, there is an increasing prevalence of obesity in 
recent decades, which compromises the expectation and quality 
of life (QoL) of these patients.

MATERIALS AND METHODS

A review of the literature was conducted between 2004-2015 on 
obesity in schizophrenic patients with clozapine, and the asso-
ciation of this atypical antipsychotic with these conditions was 
the main target of this study.

 This research used two databases: PubMed (MED-
LINE) and Journal of Capes. The terms used in the search were: 
“Schizophrenia”, “Obesity”, “Clozapine” and “Weight gain”.

 The selection of items was conducted by a researcher, 
taking into account the following inclusion criteria: English 
language, both sexes, retrospective study, patients aged over 
20 years, the minimum clozapine use time of three months and 
sample size equal or higher than 50 individuals.

 For the extraction of data from the articles was pre-
pared a card (Table 1).

Table 1:  Data extraction form.

Data extraction form

Article Title: ________________________________________________

Design: ______________________________________________

Medication And Use Time: _______________________________________

Tracking Time: ___________________________________

Sex: ________________________________

Patient Age: ______________________

Parameters Used to Evaluate Obesity: ______________________

Sample Size: _______________________

Study Outcome: ________________________
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RESULTS

They were found 323 articles, of which 306 in English in the 
initial search. After careful selection, 57 were excluded because 
they did not conform to the proposed theme (different diseases 
or medications), 94 were excluded after reading the title because 
they are from different areas, 32 to be another type of resource, 
such as reviews or Congress act, 57 repeated, 54 previously pub-
lished for 2004, the remaining 12 articles, which were read and 
examined again taking into account the inclusion criteria, with 
only 4 items selected and included in this review (Figure 1).

 Thus, the individual description of each study was 
made, following the reverse chronological order of publication 
as shown in Table 1 and their outcomes in Table 2.

 The study Villanueva et al11 measured the change in 
BMI induced by clozapine, in both sexes, in two stages, 18 and 
56 weeks follow-up. They analyzed 76 patients at 18 weeks and 
57 in 56 weeks.

	 At	first	it	was	determined	baseline	BMI	and	then	was	
made periodic reviews weight, height, BMI and clozapine dos-

98 Pubmed Articles
225 Cappes Periodic  

Articles

323 Articles

EXCLUDED

57 articles: Not suitable for the proposed theme (different conditions or different medications);
94 articles: Because they are from different areas (not address obesity and focus on other 
areas of research, such as genetics, cognitive therapy, etc.).
17 articles: Because they are from another language other than English
32 articles: For being review, Congress act or textual resources.
54 articles: Previous publication date to 2004. 
57 articles: Repited.

12 Articles

4 Articles

INCLUSION CRITERIA

- Retrospective study;

-Patients of both sexes over the age 
of 20 years;

- Operating time of clozapine mini-
mum of three months;

- Sample size less than 50 individuals.

EXCLUDED

3 for not being retrospective studies;

1 by not using clozapine for at least 
3 months;

1 to have smaller sample size than 
50 individuals;

  

 

 

 

 

 

Figure 1: Organization chart of items excluded.

Analysis of the articles included

Authors in studies
year Outline Population

sample size Medication and time use Parameters used to 
evaluate obesity

Villanueva et al11 Coorte 
retrospective study

Men and women
76 patients

Clozapine
18 to 56 weeks

BMI*

and
body weight

Choong E et al12 Cross retrospective 
study

Men and women
196 patients

Clozapine, olanzapine, quetiapine, 
risperidone, lithium and valproate.

>3 months of use

BMI*

and
body weight

Ya Mei Bai et al13
Retrospective study

Men and women
96 patients, 55 being 

accompanied.

Clozapine
8 years

BMI*

and
body weight

Covell NH et al14 Retrospective study Men and women
38 patients

Clozapine
2 years

BMI*

and
body weight

*BMI: Body Mass Index
Table 2: Analysis of the articles included.

http://www.ncbi.nlm.nih.gov/pubmed?term=Covell%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=15279042
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age. As a result at 18 weeks of follow-up there was a variation 
in BMI of 1.83 kg/m2, and of these 18 patients (19.7%) had a 
decrease in BMI. There was no difference between sexes in BMI 
changes. At 56 weeks of follow-up there was a BMI range of 
2.67 kg/m2, and of these 10 patients (17.5%) had a decrease in 
BMI. There was no difference between sexes in BMI changes, 
also	this	time.	There	was	a	statistically	significant	inverse	rela-
tionship between BMI and baseline BMI in both times. In this 
study, the authors concluded that despite the increase in weight 
with the use of clozapine, physicians should not discourage the 
use for refractory patients.

 Choong et al’s12 study evaluated the importance of 
side effects associated with weight gain psychotropic drugs and 
their metabolic consequences. Patients received for more than 
three months drugs: Clozapine, olanzapine, quetiapine, risperi-
done, lithium and/or valproate. 196 patients were analyzed. The 
weight	gain	(≥10%	of	initial	body	weight)	after	treatment	with	
clozapine was reported in 47% of patients.

	 The	 prevalence	 of	 obesity	 (BMI≥30)	 was	 present	 in	
38% of patients. The highest dose, an increase in appetite after 
the introduction of medication, type of medication (clozapine 
or olanzapine>quetiapine, or risperidone>lithium or valproate), 
and	 sex	was	 significantly	 associated	with	 the	 development	 of	
BMI.

 Yamei Bai13 study tested whether the initial clozapine 
response is related to weight gain. This study was a retrospec-
tive study of 8 years of 96 hospitalized patients with schizophre-
nia. There was a loss of 41 patients (death, incomplete weights, 
unavailable medical records, change of antipsychotic). The 
monthly weight change data were analyzed, the initial clinical 
response, age, sex, clozapine, and concomitant use of mood 
stabilizers and other antipsychotics. To analyze the weight gain 
BMI was used.

 The patients receiving clozapine (55 patients, 57.3%) 
throughout the study period, achieved an average weight gain 
of 11.7 kg (SD=1.6). The multiple linear regression analysis 
showed	 significant	 initial	 clinical	 response	 and	 lower	 initial	
body mass index was associated with higher weight gain. The re-
sults show that the initial response to the antipsychotic clozapine 
is associated with higher weight gain in the long term, measured 
over 8 years.

 Covell NH14 study analyzed the percentage weight gain 
of 138 randomized patients taking clozapine for 2 years and 89 
who	continued	to	receive	first-generation	antipsychotics.

 In each group, 39% of participants were women. Two 
patients who were randomized to clozapine, did not start its use 
and were excluded and 3 patients had their weight measured 
outside the patterns and were also excluded from the analysis  
Table 2.

 Demographic data were collected, the daily log of med-

ications and weight from information available through chart re-
view. When more than one weight measurement was available 
in a given month, we used the latest weight for analysis. It also 
calculated body mass index.

	 The	 groups	 did	 not	 differ	 significantly	 from	 the	 ini-
tial weight and average BMI. The random regression analysis 
showed that patients who switched to clozapine gained more 
weight	than	patients	who	remained	in	the	first	generation	of	anti-
psychotic agents.

DISCUSSION

In the four studies selected in this systematic review, BMI was 
used as a parameter to assess weight gain. However, this param-
eter measures the weight as a whole, and does not assess body 
composition. Thus, the weight increase may be associated with 
increased lean body mass or fat mass, and only the latter being 
associated with obesity.

 According Garn and colleagues15 there are three limita-
tions to the use of BMI: The correlation with height, the correla-
tion	with	the	fat-free	mass	and	the	influence	of	body	proportion-
ality (size ratio of the legs/trunk), such that individual less leg 
length have a higher BMI. These limitations could jeopardize 
the use of BMI as body fat indicator.

 To get a real idea of   the incidence of obesity in these 
studies, the authors should associate with BMI, bioimpedance 
test or skin folds (done with skinfold), and then perform the 
comparison of these parameters before and after the use of clo-
zapine Table 3.

 To Cerve,16 although BMI has high correlation with 
body mass, it has low with height, so it is important to correlate 
with other independent measures of body composition, which 
determine the composition in terms of body fat and muscle mass 
to have greater reliability as anthropometric parameters, such 
as bioelectrical impedance, skinfold thickness, waist/hip ratio 
(WHR) and waist circumference (WC).

 And the study of Choong,12 comparison was made with 
other antipsychotic drugs, and the results showed that clozapine 
and olanzapine are those with largest increase of appetite and 
consequent increased weight gain.

 Studies show a high prevalence of obesity, hypergly-
cemia, dyslipidemia and metabolic syndrome in patients treated 
with atypical antipsychotics, with evidence of greater effect for 
those using clozapine and olanzapine.6

 Like clozapine, olanzapine is also associated with 
weight gain, an increase from baseline of 6.12 kg in 6 to 12 
months of treatment.17 

 In the study Covell14	 significant	 difference	 in	weight	
gain after Clozapine especially in women, unlike other studies. 
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This may have been because it was a study with the smaller sam-
ple size of the four selected. In the other there was no difference 
between the sexes in both studied moments.

 The databases used periodicals and CAPES, PUBMED 
is quite academic relevance, encompassing medical articles 
from	various	fields,	which	increases	the	credibility	of	the	review	
further.

CONCLUSION

In all items selected for this study, obesity was associated with 
clozapine. However, this fact is directly related to lack of infor-
mation on healthy eating and physical inactivity.

 It has been noted the growing interest of researchers 
in exploring non-pharmacological treatments for psychiatric pa-
tients,	since	we	have	seen	significant	improvements	in	the	qual-
ity of life of these patients, when reduced dosage or deleted the 
indication of these drugs. Thus, it is necessary greater awareness 
of physicians indicate these multidisciplinary treatments to their 
patients, such as nutritional care, exercise, behavioral and oc-
cupational therapy (art and music).
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ABSTRACT 
 
A comparative study was undertaken to assess the nutritional status, dietary practices and phys-
ical activities of school going adolescents in public and private schools (PPSs) of Karachi, Pak-
istan. A sample of 101 boys and 100 girls from PPSs was randomly selected for their weight, 
height, waist and hip circumferences, percent body fat and lean body mass measurements. 
Adolescent boys and girls were interviewed for their dietary practices, socio-economic status, 
frequency and type of physical activities and their responses were recorded. Results by gender 
and school type revealed that both the boys and girls of private schools had a significantly lower 
mean age but significantly higher mean height-for-age Z-score, waist and hip circumferences 
than the public school adolescents. Food frequency results revealed that the frequency and pat-
terns of breakfast, break-time snack, lunch and dinner of private school going adolescents were 
more diverse and nutritiously rich. Skipping breakfast was more common among adolescents 
being higher in girls than boys. Parents of adolescents belonging to private schools had a higher 
education and socio-economic status. Private school adolescents were physically more active 
(p<0.05) in terms of frequency and type of physical activities. The study concludes that the 
adolescents of private schools had a better nutritional status, consumed food and beverages of 
better quality and were physically more active. However, boys and girls of both the public and 
private schools failed to meet the national and international dietary guidelines of recommended 
food servings.

KEYWORDS: Adolescents; Nutritional Status; Dietary Practices; Physical Activity; Socio-eco-
nomic Status; Pakistan.

ABBREVIATIONS: PPSs: Public and Private Schools; NCHS: National Center for Health Statis-
tics; WHO: World Health Organization; BMI: Body Mass Index; QoL: Quality of Life. 

INTRODUCTION

Adolescence marks a period of transition from childhood to adulthood characterized by rapid 
physical growth and development, behavioral, emotional and socio-psychological changes.1 

Adolescents are more prone to unhealthy behaviors, poor dietary practices and nutritional 
compromises, physical inactivity and psychosocial stresses that shape their personalities and 
lifestyle patterns. Rapid physiological changes affect their body’s nutritional demands while 
lifestyles, beliefs and perceptions about body size and shape influence their dietary choices 
and practices. The nutrient requirements during adolescence are increased due to accelerated 
growth and development, hormonal, physical and behavioral changes and are often not met 
due to inappropriate food choices, peer pressure, unhealthy attitudes and lifestyle practices that 
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make adolescents more susceptible to nutritional deficiencies.2

 Good nutrition is essential for preventing nutritional 
disorders and averting subsequent incidence of acute and chron-
ic diseases in later life.3-5 Failure to consume a nutritionally bal-
anced diet at this decisive point in life not only arrests linear 
growth but also influences the psychomotor functioning of ado-
lescents.6 Numerous studies and reports7-11 revealed that adoles-
cents are at a greater risk of nutritional deficiencies and disorders 
due to their rapid body growth, unhealthy eating habits, psycho-
logical, mental and emotional pressures associated with body 
dissatisfaction and temptations to have a slimmer body. Adoles-
cents also tend to suffer from a variety of eating disorders i.e., 
anorexia nervosa, bulimia nervosa as well as depression, anxiety 
and psychological stress.12 

 In developing countries including Pakistan, adoles-
cents’ health and nutrition is largely under-researched and has 
been ignored due to the silent nature of nutritional problems, 
undocumented evidence of life threatening epidemics, less as-
sertive attitude of adolescents, muted political interest and finan-
cial constraints. Lack of data on adolescents’ nutritional status, 
dietary practices and physical activities also make it difficult to 
draw the attention of Government officials, program managers 
and policy makers to formulate and develop appropriate adoles-
cent specific strategies for addressing their nutritional and so-
cio-psychological needs. The association between age-specific 
nutrition and long term health effects has always been of inter-
est, the current study was designed to compare the nutritional 
status, dietary practices and physical activities of school going 
adolescent boys and girls of public and private schools (PPSs) 
of Karachi, Pakistan to generate data which could be useful for 
program managers and policy makers for developing adolescent 
specific nutrition strategies to combat malnutrition among this 
vulnerable group of population. 

METHODS 

A comparative study to assess the nutritional status, dietary prac-
tices and physical activities of school going adolescents (boys 
and girls) was carried out in the public and private schools of 
Karachi. After permission from the school’s administration, 
adolescents aged 10 years and above were identified from the 
school’s admission record and written consent from the enrolled 
adolescents was obtained. A sample of 201 adolescents, 101 
boys (48 from a public and 53 from a private school) and 100 
girls (46 and 54 from a public and a private school, respectively) 
was selected by following a systematic sampling technique.13 

 Weight, height, waist and hip circumference of adoles-
cent boys and girls were taken by following the recommended 
procedures.14 The Body impedance analyser, (MD 1500, Body 
stat Ltd, Douglas, Isle of Man) was used for assessing the body 
composition of adolescents. A food frequency questionnaire was 
used to assess the dietary practices of adolescents. Data regard-
ing anthropometry, dietary, body composition, demographic and 
socio-economic characteristics and physical activities were en-

tered into the computer for statistical analysis using EPI-INFO 
software.15 Anthropometric data were compared with the cor-
responding age reference population i.e., National Center for 
Health Statistics (NCHS) data to generate Z-scores (weight-
for-age (WAZ), weight-for-height (WHZ) and height-for-age 
(HAZ).16 Adolescents were classified as underweight, normal, 
over weight and obese by applying the World Health Organiza-
tion (WHO) body mass index cut-off values and prevalence of 
malnutrition was computed.17

 Anthropometric, dietary, socioeconomic and physical 
activity data were analyzed using SAS version 9.2 (The SAS 
Institute, Inc., Cary, NC, USA). Simple statistics and bi-variate 
analysis were carried out on the continuous and ordinal data to 
examine the mean differences in anthropometric measurements, 
body composition and dietary data at 5% level of significance 
between the public and private schools. Pearson product-mo-
ment correlation coefficients were determined to examine the 
relationship between different variables. 

RESULTS

The anthropometric measurements and body composition of 
school going adolescents by gender and school are shown in 
Table 1. The mean age of boys of the public school was sig-
nificantly (p<0.05) higher than boys of the private school but 
there was no significant difference (p>0.05) in the mean weight, 
height, weight-for-height Z-score, percent lean body mass, per-
cent body fat, body mass index and body mass index Z-score 
between the boys of public and private schools. However, boys 
of the private school had significantly higher mean weight-for-
age and height-for-age Z-scores than boys of the public school 
(p<0.05). The mean waist and hip circumferences and waist-to-
hip ratio of boys of the private school were also significantly 
(p<0.05) higher than boys of the public school.

 The results of adolescent girls shown in Table 1 re-
vealed that the mean age of girls of the public school was also 
significantly higher (p<0.05) than the girls of the private school 
but there were no significant differences (p>0.05) in the mean 
weight, height, weight-for-age and weight-for-height Z-scores, 
waist-to-hip ratio, percent lean body mass and percent body fat. 
However, girls of the private school had significantly (p<0.05) 
higher mean height-for-age Z-score, waist and hip circumferenc-
es, body mass index and body mass index Z-score than girls of 
the public school. These results reveal that adolescent boys and 
girls of the private schools of Karachi had better anthropometric 
and body composition characteristics than those of the public 
schools. 

 Table 2 shows the prevalence of malnutrition based on 
categorization of body mass index (BMI) Z-score and school 
type (public versus private). The results revealed that there was 
no significant association (p>0.05) between nutritional status 
(BMI-Z categorization) and school type. However, under-nu-
trition prevalence trends were generally higher among adoles-
cents of public schools whereas, the prevalence of overweight 
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Table 1: Anthropometric measurements and body composition of adolescents by gender and school. 

Variable

Boys

 p value

Girls

 p valuePublic School
(n=48)

Mean±SD

Private School
(n=53)

Mean±SD

Public School
(n=46)

Mean±SD

Private School
(n=54)

Mean±SD

Age (yrs) 14.50±1.59 13.45±1.69 0.0021 14.04±1.63 13.11±1.50 0.0064

Weight (kg) 39.58±8.15 42.72±15.18 0.1718 40.52±10.29 43.94±12.44 0.1392

Height (cm) 150.41±16.95 152.83±11.84 0.2435 148.70±8.79 150.08±8.25 0.5077

Weight-for-age Z-score -1.90±0.79 -0.83±1.83 0.0002 -0.68±1.72 -0.51±1.40 0.5519

Height-for-age Z-score -2.08±1.83 -1.04±1.20 0.0001 -1.61±1.44 -1.11±0.91 0.0460

Weight-for-height Z-score -0.92±1.26 -0.32±2.32 0.0754 -0.37±1.54 0.17±1.72 0.1055

Waist circumference (cm) 59.21±5.33 64.36±12.01 0.0027 61.72±8.81 65.92±9.77 0.0152

Hip circumference (cm) 67.35±6.66 71.47±11.99 0.0246 72.14±8.38 75.92±10.76 0.0405

Waist to hip ratio 0.87±0.04 0.89±0.04 0.0345 0.85±0.03 0.86±0.03 0.1213

Lean body mass (%) 34.51±11.11 34.75±9.872 0.8889 31.21±6.30 33.88±10.36 0.1329

Body fat (%) 18.33±10.47 18.52±9.16 0.9113 21.78±9.45 24.60±8.34 0.0981

Body mass index 17.22±3.21 17.91±4.76 0.3667 17.88±4.10 19.64±4.47 0.0235

Body mass index Z-score -1.07±2.17 -0.62±2.58 0.2268 -0.93±1.72 0.17±1.81 0.0032

Nutritional Status

Normal Underweight Overweight and obese

Gender School
(-2≤BMIZ<2)

N (%)
 (BMIZ<-2) 

N (%)
 (BMIZ≥2)

N (%)
p value

Boys

Public School
 (n=48) 29 (61) 16 (33) 3 (6)

0.211

Private School
 (n=53) 37 (70) 10 (19) 6 (11)

Girls

Public School
 (n=46) 30 (65) 11 (25) 5 (10)

0.147

Private School
 (n=54) 37 (69) 6 (11) 11 (20)

Table 2: Prevalence of malnutrition based on BMI Z-score and school in boys and girls.

and obesity was almost twofold higher amongst the adolescents 
of private schools. A similar trend of under and over-nutrition 
was observed among adolescent girls of the public and private 
schools (Table 2). 

 No significant association between the frequency of 
breakfast consumption and school type among adolescent boys 
was revealed by the results (Table 3). However, a significant 
(p<0.05) association in the frequency of breakfast consump-
tion among adolescent girls of public and private schools was 
observed. Skipping breakfast was more prevalent amongst girls 
than boys i.e., about 50% of the adolescent girls of both pub-
lic and private schools were skipping breakfast which was 4-5 
times higher than the boys belonging to both types of schools. 

 A significant (p<0.05) association in the frequency of 
breakfast pattern consumed by the adolescents of public and pri-
vate schools was seen (Table 3). Tea with bread, tea with bread 
and curry (34% and 36%, respectively) were the most common 
breakfast items taken by adolescent boys of the public school. 
Only 4% of the boys belonging to the public school had milk, 
juice, fruits and cereals for their breakfasts. Tea with paratha 

(wheat dough baked with fat or vegetable oil) and fried egg re-
mained the most popular choice of boys (23%) of the private 
school followed by milk, juice, fruits and cereals (22%) for 
breakfast (Table 3). Like their male school fellows, a greater 
percentage of girls belonging to the public school had tea with 
bread (43%) and tea with bread and curry (43%) and a lesser 
percentage of girls (5%) had milk, juice, fruits and cereals. Con-
versely, most of the girls of the private school had milk, juice, 
fruits and cereals (42%) followed by consuming tea with paratha 
and egg (33%).

 The results on frequency of break-time snack consump-
tion by the adolescents presented in Table 3 indicate a signifi-
cant association (p<0.05) in the frequency of snack consumption 
amongst the boys of public and private schools. A higher per-
centage (94%) of boys of the private school was taking snacks 
as compared to boys (72%) of the public school. Conversely, 
no significant association (p>0.05) in the frequency of snack 
consumption amongst the girls of the public and private schools 
was noted (Table 3). The pattern of snack consumption by ado-
lescents of public and private schools during the school break-
time was significantly different (Table 3), a higher percentage of 
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Food Frequency of food  
consumption

Boys Girls

Public School (n=48)
 N (%)

Private School (n=53)
 N (%)

Public School (n=46)
 N (%)

Private School (n=54)
 N (%)

Breakfast

Daily 44 (91) 46 (86) 25 (54) 28 (51)

5-6 Days 0 (0) 2 (4)  6 (13) 1 (2)

3-4 Days 3 (7) 2 (4) 2 (5)  9 (16)

1-2 Days 0 (0) 1 (2) 4 (9) 7 (14)

No 1 (2) 2 (4) 9 (19) 9 (16)

 p value=0.053 p value=0.007

Pattern of Breakfast 
consumption

Tea with bread 16 (34) 12 (23) 16 (43) 2 (5)

Tea with bread and curry 17 (36) 8 (16) 16 (43) 5 (11)

Tea with bread and egg 5 (11) 8 (16) 1 (4) 4 (9)

Tea with paratha and egg  7 (15) 12 (23)  2 (5) 15 (33)

Milk, juice, fruits, cereals  2 (4) 11 (22)  2 (5) 19 (42)

p value=0.001 p value=0.001

Snack Consumption 

Yes  34 (72) 50 (94) 42 (91)  53 (98)

No  14 (28) 3 (6) 4 (9)  1 (2)

p value=0.002  p value=0.109

Snack pattern

Roll, Pakora, Samosa,  
Papper, Toffees  4 (12) 17 (34) 9 (21) 19 (36)

Home made paratha, bread 18 (53) 12 (24) 20 (48) 11 (21)

Soft drinks, ice cream, pizza, 
choclates 12 (35) 21 (42) 13 (31) 23 (43)

 p value=0.001  p value=0.001 

Milk and Dairy Prod-
ucts consumption 

Daily 15 (31) 19 (36) 7 (15) 22 (41)

5-6 Days 0 (0) 2 (4) 0 (0) 5 (9)

3-4 Days 5 (10) 12 (22) 9 (20) 6 (11)

1-2 Days 6 (13) 9 (17) 4 (8) 7 (13)

No 22 (46) 11 (21) 26 (57) 14 (26)

p value=0.001 p value=0.001

Meat consumption

Daily  1 (2) 4 (8) 2 (4) 9 (17)

5-6 Days 6 (12) 9 (17) 2 (4)  4 (7)

3-4 Days 8 (16) 18 (34) 19 (42)  21 (39)

1-2 Days 32 (67) 19 (36) 17 (37) 15 (28)

No  1 (2) 3 (5) 6 (13) 5 (9)

p value=0.048 p value=0.121

Fruit consumption

Daily 7 (15) 17 (32) 7 (15) 19 (35)

5-6 Days 4 (8) 9 (17) 7 (15) 6 (11)

3-4 Days 13 (27) 20 (38) 15 (33) 15 (28)

1-2 Days 20 (41) 3 (6) 13 (28) 10 (19)

No 4 (8) 3 (6) 4 (8) 4 (7)

p value=0.001 p value=0.001

Table 3: Frequency and pattern of food consumption by adolescents. 

boys (53%) and girls (48%) of the public schools brought home-
made snacks with them while a greater percentage of both boys 
and girls of the private schools preferred to buy snacks from the 
schools’ canteen. 

 The frequency of milk and dairy products consumption 
among adolescents reveals that about half of the studied popula-

tion (46% boys and 57% girls) belonging to the public schools 
were not taking milk at all while the remaining half of the studied 
group was taking milk and dairy products at varying frequencies 
(Table 3). A significant association (p<0.05) in the frequencies 
of dairy consumption by adolescents of the public and private 
schools was observed, both the adolescent boys and girls of pri-
vate schools had a higher frequency of dairy consumption than 
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their public school counterparts i.e., 36% of the boys and 41% 
of girls of the private schools consumed dairy products daily as 
compared to 31% and 15% of their public school counterparts, 
respectively. 

 The frequencies of meat consumption by adolescent 
boys and girls of the public and private schools are shown in 
Table 3. A negligible percentage of adolescents (2% of the boys 
and 4% of girls) of the public schools had a daily meat intake 
while a greater percentage of adolescents (67% of the boys and 
37% of girls) of the public school consumed meat twice a week. 
Conversely, a relatively higher percentage of adolescents (8% 
of the boys and 17% of the girls) of the private schools reported 
daily meat intakes, 17% of the boys and 7% of the girls con-
sumed meat on 5-6 days a week while 34% of the boys and 39% 
of the girls of the private schools consumed meat on 3-4 days 
a week. A good proportion of adolescents (2-17%) of both the 
public and private schools didn’t eat meat at all.

 Results on fruit consumption of adolescents revealed 
that a higher percentage of boys and girls of private schools were 
consuming fruits daily (32% boys and 35% girls) as compared to 
adolescents of public schools (15% of boys and 15% girls). Fre-
quencies of fruit consumption could be used as a proxy indicator 
of vitamins and minerals intakes which suggest that most of the 
boys and girls particularly those of the public schools were at a 
greater risk of vitamins and minerals deficiency.

 The demographic-socio-economic and physical activ-
ity results by gender and school type (Table 4) revealed a sig-
nificant association (p<0.05) among almost all the demographic 
and socio-economic variables of adolescents of the public and 
private schools. A higher percentage of both the boys and girls 
attending public schools came from families where the parents 

had a lower level education as compared to the adolescents at-
tending the private schools. Clear differences in the socio-eco-
nomic status of the adolescents of public and private schools 
were seen in relation to parental profession. As public schools 
provide free education, by and large adolescents from under-
privileged families are enrolled in these schools while middle to 
higher income families send their children to private schools that 
charge a considerable amount of tuition fees. A family’s limited 
income and lower level of parental education could be poten-
tial co-determinants for the prevalence of malnutrition among 
adolescents of these demographics. Strategies to increase family 
income and initiate safety net programs for lower income fami-
lies to enroll their children in better education facilities might 
improve their quality of life (QoL). 

 The results on physical activity of adolescents revealed 
that a higher percentage of adolescents of private schools were 
taking part in physical activities (Table 4). In addition, the types 
of activities undertaken by adolescents of the private schools 
were more vigorous and involved greater energy expenditure 
than the physical activities of their corresponding age counter-
parts whom attend public schools. A significant association was 
found between the frequency and intensity of physical activity 
(Table 4). 

 Results of correlation analysis between different an-
thropometric and body composition variables shown in Table 5 
indicate a significant (p<0.05) association between BMI, percent 
body fat, waist circumference and hip circumference suggesting 
that all the four indicators are positively correlated and could be 
used as a screening tool for over-weight and obesity, however, 
which one of the four indicators has a stronger association with 
increased susceptibility to chronic diseases needs to be estab-
lished through large country specific epidemiological studies. 

Variable

Boys Girls

Public School 
(n=48)
 N (%)

Private School 
(n=53) 
 N (%)

p-value
Public School 

(n=46) 
N (%)

Private School 
(n=54) 
N (%)

p-value

Father Education

Nil 19 (39) 6 (11) 17 (37) 9 (16)

Primary 6 (12) 1 (2) 6 (13) 1 (2)

Middle 11 (23) 8 (15) 0.001 10 (22) 2 (4) 0.001

Secondary 5 (10) 16 (30) 4 (9) 18 (33)

Bachelor 4 (8) 14 (26) 7 (15) 14 (26)

Master 3 (6) 8 (15) 2 (4) 10 (18)

Jobless 6 (12) 1 (2) 2 (4) 0 (0)

Labourer or Peon or small 
vendor 15 (31) 8 (15) 18 (39) 9 (16)

Father Profession Office Assistant, or small 
shopkeeper 13 (27) 11 (21) 9 (19) 8 (15)

Medium scale shopkeeper or 
small farmer or worker abroad 4 (8) 8 (15) 7 (15) 18 (33)

Officer and high scale  
shopkeeper, contractor 4 (8) 13 (24) 0.017 7 (15) 6 (11) 0.008

Industrialist or large  
businessman/ landlord 6 (12) 12 (22) 3 (6) 13 (24)

Table 4: Demographic and socio-economic characteristics of adolescent families by gender and school. 
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The BMI, waist and hip circumferences could be recognized as 
reliable surrogates for percent body fat where facilities for esti-
mation of body composition are not available. Interestingly, a 
non-significant association was found between WHR and body 
weight, height and percent body fat while a significant associa-
tion was found between WHR and percent lean body mass sug-
gesting its lack of specificity in identifying visceral obesity. 
 
DISCUSSION

The results of the current study showed a higher prevalence of 
under-nutrition among the adolescents of public schools which 
could adversely affect their scholastic performance and physical 
outputs. Conversely, adolescents of private schools displayed a 
higher prevalence of overweight and obesity which could be an 
increasing risk factor for developing chronic diseases later in life. 
The relationship between malnutrition and increased susceptibil-
ity to infectious and chronic diseases has been well established 
which could be attributed to impaired enzymatic, hormonal and 
neural responses, enhanced oxidative stress and compromised 
immune systems of the malnourished population.18-22 Our results 
are consistent with the findings of earlier researchers23,24 who re-
ported that under-nutrition was more prevalent in adolescents of 
public schools while over-nutrition was more prevalent in ado-
lescents of private schools. The correlation results are in agree-
ment with the existing literature which reported that BMI, waist 
circumference, total body fat and percent body fat in girls all 
increased linearly with age25 while some researchers recognize 
BMI as an imperfect measure of body fatness.26 The anthropo-
metric and body composition findings suggest that nutritional 
status of adolescents of public and private schools require pre-
ventive and therapeutic interventions to prevent and reduce hu-
man and capital losses. 

 When comparing the frequency and pattern of break-
fast consumption by adolescents of public and private schools, it 

was seen that girls skipped breakfast more frequently than boys. 
Breakfast consumed by adolescents of public schools was nutri-
tiously poor than breakfast consumed by adolescents of private 
schools. Both the conditions of skipping breakfast and consump-
tion of unhealthy breakfasts by adolescents could be potential 
risk factors for malnutrition and associated morbidities. The re-
sults are consistent with previous studies27,28 which reveal that 
breakfast skipping and unhealthy eating practices are common 
characteristics of adolescents around the world.

 Skipping breakfast is a documented trait of adolescents 
which is observed in many countries, more pronounced in girls 
who are more prone to engage in unhealthy dietary habits such 
as skipping meals, binge-dieting and unhealthy food choices 
which could be due to biological, physiological and psycho-
logical reasons, body weight and body image perceptions, peers 
pressures or parental influences and socio-economic reasons.29-35 
In addition, skipping breakfast has been associated with poor 
nutritional status, increased body adiposity and risk of chronic 
diseases.2,36,37 The results are in agreement with earlier research-
ers38-40 who reported that adolescents from affluent families had 
better quality breakfast than those belonging to the lower socio-
economic group and that skipping breakfast unhealthy dietary 
practices were more prevalent among adolescent girls. 

 Adolescents from both the school streams showed vari-
ations in the frequency and patterns of snack consumption. Both 
the boys and girls of private schools predominantly consumed 
more nutrient dense, diverse and expensive snacks than the boys 
and girls of public schools who relied more on low quality, en-
ergy dense oily, sweet and less expensive snacks (paper, samosa, 
pakora, toffees etc). Due to weak monitoring and lack of enforce-
ment of food safety regulations, snacks are generally poorer in 
food quality and unhealthy. Little or no fruit consumption was 
reported by the adolescents as neither the schools’ canteens had 
fruits in their stock nor did the students bring fruits from their 

Table 5: Correlation analysis between anthropometric and body composition variables. 

Variable Age Weight Height BMI Waist Hip WHR Body Fat LBM

Age 1.000
0.0

0.3864
0.0001

0.4461
0.0001

0.1821
0.0097

0.1884
0.0074

0.2803
0.0001

-0.2080
 0.0030

0.1389
0.0499

0.3726
 0.0001

Weight 0.3864
0.0001

1.000
0.0

0.5561
0.0001

0.8321
0.0001

0.9173
0.0001

0.9277
0.0001

0.1296
0.0667

0.7624
0.0001

0.7280
0.0001

Height 0.4461
0.0001

0.5561
0.0001

1.000
0.0

0.1276
0.0710

0.4193 
0.0001

0.4563
0.0001

-0.0253
 0.7214

0.0595
0.4023

0.6099
0.0001

BMI 0.1821
0.0097

0.8321
0.0001

0.1276
0.0710

1.000
0.0

0.8345
0.0001

0.8189
0.0001

0.1966
0.0052

0.8807
0.0001

0.5087
0.0001

Waist 0.1884
0.0074

0.9173
0.0001

0.4193 
0.0001

0.8345
0.0001

1.000
0.0

0.9454
0.0001

0.3138
0.0001

0.7717
0.0001

0.6424
0.0001

Hip 0.2803
0.0001

0.9277
0.0001

0.4563
0.0001

0.8189
0.0001

0.9454
0.0001

1.000
0.0

0.0010
0.9883

0.7838
0.0001

0.6260
0.0001

WHR -0.2080
 0.0030

0.1296
0.0667

-0.0253
 0.7214

0.1966
0.0052

0.3138
0.0001

0.0010
0.9883

1.000
0.0

0.0931
0.1897

0.1702
0.0157

Body Fat 0.1389
0.0499

0.7624
0.0001

0.0595
0.4023

0.8807
0.0001

0.7717
0.0001

0.7838
0.0001

0.0931
0.1897

1.0000
0.0

0.3685
0.0001

Lean Body 
Mass

0.3726
 0.0001

0.7280
0.0001

0.6099
0.0001

0.5087
0.0001

0.6424
0.0001

0.6260
0.0001

0.1702
0.0157

0.3685
0.0001

1.000
0.0
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homes due to economic reasons, lack of preference or alternate 
food choices. The availability and consumption of poor quality 
snacks by the adolescents in Pakistan and other South East Asian 
countries have also been reported by other researchers41,42 which 
could play a significant role in the development of malnutrition 
and diseases later in life. 
 
 The present results on the consumption of milk and 
dairy products are in line with others43 who reported that only 
1/3rd of the adolescent boys and 25% of the girls from Saudi 
Arabia were taking milk daily with variable compliance to the 
recommended daily values, while the milk intake of adolescents 
from Poland, Germany and other Eastern countries was suf-
ficient to meet 25-60% of their calcium requirements.44 These 
findings suggest that at least 50% of the adolescent boys and 
girls are at an increased risk of dietary inadequacy of calcium, 
phosphorus, vitamin D and other essential nutrients required for 
bone growth and development.

 Our findings on meat consumption by adolescents 
are in line with others45 who reported that only 13-15% of the 
Mexican adolescents had a daily consumption of red meat or/
and white meat while rest (85-87%) of them consumed meat 
infrequently either sometime during the week or occasionally. 
Likewise, the consumption of meat by adolescents was also de-
pendent upon financial resources; adolescents belonging to fam-
ilies with a low socio-economic status can’t afford to consume 
meat frequently.46 As meat is a rich source of protein, iron, zinc 
and other nutrients its consumption is very important to meet the 
physiological requirements of the body. With the onset of ado-
lescence, the need for iron increases due to rapid body growth, 
expansion of blood volume and muscle mass, thus the imbalance 
between requirements and intake makes adolescents particularly 
girls more vulnerable to nutritional anaemia. 

 Our findings on the consumption of fruits by adoles-
cents are in fair agreement with other researchers47 who reported 
that about 25% of the Bahraini adolescents were consuming 
fruits daily; 32% 1-3 times a week; 15% 5-6 times a week and 
27% were taking fruits rarely. However, these results showed 
that the fruit consumption of Pakistani’s adolescents is much 
lower than the New Zealand, US and European adolescents.48-50 
The dietary assessment results revealed that a large number 
of adolescents abstain from consuming healthy foods (such as 
fruits, vegetables, and meat and dairy products) which need in-
terventions to promote healthy eating practices and lifestyles to 
prevent and reduce nutritional deficiencies and diseases. 

   Our correlation results of anthropometry and body 
composition are in close conformity with others51 who reported 
a strong association between BMI, WC and percent body fat in 
Moroccan adolescents. In men, waist circumference was found 
to be the best predictor of elevated blood pressure while in wom-
en waist circumference was recognized as the best predictor of 
elevated fasting blood glucose. In addition, the odds of metabol-
ic syndrome were multiplied by a combination of body obesity 

indices such as BMI, WC, WHtR and visceral adiposity.52 

  
 A significant association between the markers of socio-
economic variables (father education, father profession, mother 
education and mother profession) and school status (public ver-
sus private) indicate that the socio-economic status of parents 
could be a driving force for better nutritional status and educa-
tion of their children as a greater percentage of parents of the 
adolescents of private schools had higher levels of education 
and superior professional jobs. High education with superior 
jobs and income allow parents to invest more on their children’s 
education and food. Thus children of higher socioeconomic 
standing are nutritionally better, contribute more towards soci-
etal development and spend better quality life. The results have 
been validated by earlier findings53,54 which showed that higher 
education and income were associated with a greater consump-
tion of good quality foods, decreased consumption of energy 
dense foods and reduced risk of overweight and obesity. Gaps 
found in the educational and professional levels of the parents 
of adolescents attending public and private schools need to be 
plugged in through socio-economic development programs by 
investing more in social sectors i.e., education, nutrition, health, 
safe and clean drinking water, hygiene and sanitation and safety 
nets to combat food insecurity and poverty.

CONCLUSION

The study concludes that adolescents studying in private schools 
had a better nutritional status, dietary habits and physical activ-
ity practices than those of public schools. Parental education and 
income were found to be partially responsible for their better 
performance. The results also showed that adolescent girls of 
both the public and private schools were more vulnerable to nu-
tritional deficiencies due to inappropriate dietary practices which 
could be ascribed to negative perceptions and behaviors, peer 
influences, food preferences, autonomy to select junk snacks 
and avoiding healthy foods or gender bias of parents by giv-
ing more preferential treatments to boys. Poor nutritional status 
and unhealthy dietary practices of adolescents of public schools 
need be studied closely to improve their nutritional well being 
through comprehensive nutrition interventions. Appropriate di-
etary practices and healthy lifestyles may be promoted through 
mass awareness, nutrition education campaigns employing the 
print and electronic media, conducting seminars and workshops 
at a community level and launching special supplementary food 
and social protection programs for adolescents.

IMPLICATIONS OF THE RESEARCH STUDY

The study identifies inappropriate dietary practices of school 
children in both public and private schools that are associated 
with impaired child growth and compromised nutritional status. 
The adverse consequences of poor nutritional status are mani-
fested in the form of irritable child behavior with impaired scho-
lastic performance, frequent illnesses, increased school absen-
teeism and dropouts. As there is no school health and nutrition 
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policy nor are there any health and nutrition screening programs 
in the country, thousands of school children are suffering from 
both under-nutrition (underweight and stunting) and over-nutri-
tion (overweight, obesity). Poor nutritional status is associated 
with co-morbidities that predispose children to chronic diseases 
later in life. There is a dire need to draw the attention of policy 
makers and Government functionaries to formulate appropriate 
health and nutrition policies for school children to prevent the 
irreparable loss of human capital and reduce the sufferings of 
vulnerable population. 
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ABSTRACT

Adipocytokines, or adipokines, are circulating hormones mainly produced by adipose tissue 
and are key regulators of whole body metabolism and immune homeostasis. Due to a rise in 
human obesity-related diseases, pathways related to metabolism are being studied using sev-
eral animal models to identify key molecular signatures for development of mechanism-based 
therapeutic strategies. Previous work published in our laboratory has used chickens as a model 
for obesity because of its peculiarities that will be described in this article. In particular, recent 
advances in our understanding of adipokine AMP-activated protein kinase (AMPK)  interac-
tions in the regulation of energy balance will be summarized as well as facilitating the discus-
sion by asking new questions which may open new vistas for future research.

KEYWORDS: Adipocytokine; AMP-activated protein kinase (AMPK); Obesity; Chicken.

ABBREVIATIONS: AMPK: AMP-activated protein kinase; ARC: Arcuate nucleus; PVN: Para-
ventricular nucleus; GLUT4: Glucose transporter type 4; SOCS3: Suppressor of cytokine sig-
naling 3; LDL: Low-density lipoprotein.

 The relationship between adipocytokines and AMP-activated protein kinase (AMPK) 
in the regulation of several metabolic processes has been the subject of many studies. AMPK 
has been shown to be activated/deactivated by several adipokine-inducing cellular energy al-
teration. The adipokines adiponectin, leptin, resistin and visfatin play pivotal roles in obesity, 
insulin resistance and related inflammatory disorders.1-6 Adiponectin is involved in regulating 
glucose levels as well as fatty acid breakdown, with circulating levels varying in healthy adults 
but may be inversely correlated with body fat percentage.7 Leptin regulates energy balance 
through its anorexigenic effects in the hypothalamus. In obesity, leptin sensitivity decreases 
although it has high circulating levels.8,9 Resistin is also known as adipose tissue-specific se-
cretory factor (ADSF) and is secreted by immune and epithelial cells, playing a role in high 
levels of low-density lipoprotein (LDL) and serves endocrine functions involved in insulin 
resistance.10 Visfatin has been shown to activate insulin receptor and to have insulin-mimetic 
effects such as lowering blood glucose and improving insulin sensitivity.11 This cytokine is 
highly expressed in visceral fat and its serum levels is high in obese subjects.11

 Studies detailing the control of hepatic glucose production by activated AMPK was 
demonstrated in resistin knockout mice and adiponectin treated rodents, and suggested that 
hepatic AMPK is a specific target of both adipocytokines with resistin inhibiting AMPK and 
adiponectin activating AMPK.12,13 AMPK is expressed in feeding-related hypothalamic nuclei 
such as arcuate nucleus (ARC) and paraventricular nucleus (PVN) and has been shown to 
mediate the (an)orexigenic effects of adipocytokine.14 For instance, adiponectin increases food 
intake, but leptin decreases food intake through activating AMPK in the hypothalamus.15 These 
results, along with others, show that food intake and nutrient metabolism are regulated by the 
AMPK pathway15 as shown in a fasting study that resulted inactivation of AMPK whereas 
re-feeding inhibited AMPK activity in mice.16 Feed efficiency in poultry, (the ability of the 
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animal to convert their feed into usable energy) is an important 
economic and agricultural trait, therefore, understanding its un-
derlying signaling pathways is critical. For example, it has been 
found that, in chickens, 24 h fasting altered gene expression of 
AMPK subunits17 and a separate study showed that Suppres-
sor of cytokine signaling 3 (SOCS3) (define SOCS3) regulates 
growth and development through three adipocytokine signaling 
pathways: 1) SOCS3 inhibiting IRS1, this inhibits insulin sig-
naling, affecting growth; 2) SOCS3 inhibiting LEPR, leptin has 
a range of biological effects, most notably in metabolic regula-
tion which suppresses appetite, reduces energy intake, increas-
ing energy expenditure, and inhibiting fat synthesis; 3) SOCS3 
inhibits JAK, this pathway is involved in cell proliferation, dif-
ferentiation, apoptosis, immune regulation, and other important 
biological processes.18

 While most studies have been conducted in mammals 
(mainly murine models), few studies have been carried out in 
chickens as they have physiological characteristics making 
them useful models to study the pathophysiology of obesity.19 
Whereas lipogenesis occurs in both adipose tissue and liver in 
rodents20-22 chickens are similar to humans in that lipogenesis 
occurs exclusively in the liver.23 In addition, broiler chickens 
are also hyperglycemic, insulin resistant, and lack both Glucose 
transporter type 4 (GLUT4) (although they do have analogous 
GLUT8 and GLUT12) and brown adipose tissue.They are ge-
netically selected for rapid growth rate and, consequently, are 
hyperphagic, heavy, and adults are prone to obesity and several 
metabolic disorders. These peculiarities make chicken a very 
useful human-relevant animal model to study this disease.A 
major focus in poultry research is developing mechanism-based 
strategies (nutrition, management, genetics) to improve feed 
efficiency and animal well-being and health. Adipocytokines-
AMPK interaction could be one such mechanism that can aid 
poultry research in determining underlying causes of fat deposi-
tion and, subsequently, how to gain better muscle yield.

 The past two decades have seen a surge in obesity and 
obesity related illness. Due to its role in cardiovascular disease, 
airway disorders, neurodegenerative diseases, hypertension, and 
fatty liver disease. Obesity is one of the most important diseases 
afflicting modern society today. Efforts to delineate the patho-
physiological mechanisms underlying this disease have become 
paramount and adipocytokine therapy tops that list. Dysfunction 
of this pathway may be a key factor in obesity-related illness and, 
subsequently, its treatment. Although pathways affecting satiety 
and feeding upstream of AMPK are somewhat understood, there 
remains much to gather about the downstream effects of such 
pathways in both mammals and avian species.Therefore, while 
much is known about adipocytokines as well as their relation to 
obesity-linked illness, much has yet to be elucidated.
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