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 ABSTRACT
Aim
With the growing epidemic of  obesity in children, adolescents and adults globally, obesity has been found to be a risk factor for many 
non-communicable diseases like type 2 diabetes mellitus (T2DM), hypertension, dyslipidemias and many cancers. So much so that 
recently a term diabesity (Obesity and diabetes in the same patient, especially when the obesity had a causal influence on the diabetes) 
got introduced. The aim of  this systematic review was to study how we can tackle together so that we can take care of  the mortality 
caused by obesity and T2DM being responsible for more mortalities replacing malnutrition even in developing countries.
Methods
We carried out a PubMed search, along with Excerpta Medica dataBASE (EMBASE)/Cochrane library, web sciences for the Medical 
Subject Headings (MeSH) Terms “obesity’’, “diabetes mellitus (DM)’’, “lifestyle including exercise’’, “diet therapy for management of  
diabesity’’, pharmacotherapy including foods rich in antidiabetics like anthocyanins’’, “polyphenols’’, “walnuts’’, “monoterpenes’’ for 
same including “bariatric surgery (BS)’’.
Results
We found a total of  86,283 articles pertaining to obesity and DM together of  which we selected 92 articles for this review after getting 
articles after searching cross references. No meta-analysis was done.
Conclusion
Till date body mass index (BMI) is used to classify overweight and obesity. With decreased muscle mass being common in these obese 
patients it is important to measure the body composition. Further, one has to monitor body composition when getting the patient to 
lose weight. Importantly, the criterion used for labelling obesity also varies in different geographical areas in view of  different pheno-
type of  diabetes in South Asia. Weight loss can be achieved using lifestyle interventions like diet, exercise and importance of  combin-
ing natural products from food in attaining weight loss along with controlling hyperglycemia utilizing pharmacotherapies obesity and 
T2DM, control. Bariatric Surgery (BS) remains the last resort for morbidly obese although it might have to be resorted in individuals 
where diabetes is resistant to medical treatment and be needed for those with BMI greater than 35 kg/m2 or even less in case of  
resistant diabetics. Role of  diets rich in walnuts, anthrocyanins, soyabean, chickpeas, curcumin, polyphenols and other vitamins and 
micronutrients including vitamin A, also needs to be considered while treating diabesity.
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INTRODUCTION

In the last century obesity has surfaced as the biggest global health 
problem in view of  both, the changes in environment along with 

changes in society where positive energy balance and thus weight 
gain has resulted, main changes being consumption of  high-calorie 
foods/high-fat foods, associated with inadequate physical activity, 
moving towards sedentary lifestyle.1 As a result obesity prevalence 
practically doubled since 1980 all over the world, with world health 
organization (WHO) showing greater than 39% of  adults greater 
than/equal to 18 year were overweight of  which 13% were obese.2 
Additionally, a minimum of  41 million children below 5 years were 
overweight or obese.2 Importantly severe obesity, a body mass in-
dex (BMI) greater than 35 kg/m2 is becoming a part of  this global 
epidemic, and that has severe bad effects on health, with increase 
in BMI implying increased mortality risk just like low BMI does.3-

5 However, now overweight or obese have become bigger killers 
in contrast to malnourished or underweight.2 As per WHO over-
weight and obesity are the causative factors for 44% of  type 2 dia-
betes mellitus (T2DM), resulting in 23% of  ischemic heart disease 
patients and roughly 7-41% of  some cancers.4,5 Of  these greatest 
association is of  T2DM with obesity, with obesity related T2DM 
expected to double to 300 millon by the year 2025.6 Because of  
which the word diabesity got coined, suggesting that most patients 
with T2DM are obese.7,8 The term diabesity highlights the etiogen-
esis of  effect of  obesity on T2DM. This term was introduced by 
Shafir who saw that Israeli sand rats (psammonys obesus) fed high 
energy diets, became obese and later developed diabetes.9,10 Thus, 
in concert they increase mortality risk of  the individual by 7 fold.11 
This increasing trend gives an estimation of  60% of  total popu-
lation of  the world to be overweight or obese by year 2030.12,13 
As per Zimmet T2DM is proving to be the greatest epidemic of  
mankind and has beaten all the figures and predictions given by 
WHO and intermediate distribution frame (IDF), with the num-
bers increasing to 415 million people and with these diabetics a 
population of  a country can be formed like it is greater than 315 
million people of  US. Thus need to address diabesity together is 
there.14 Since all antidiabetics are not weight neutral and antidiabet-
ics being expensive there is a need to find non-pharmacological 
answers using diets which have phytocyanins, flavonoids and other 
pulses, walnuts in the low calorie diets which have inherent insulin 
resistant effects.
 
METHODS

We carried out a PubMed search for the Medical Subject Headings 
(MeSH) terms “obesity’’, “diabetes mellitus (DM)’’, “exercise’’, 
“dietary therapy’’ for management of  diabesity, “pharmacothera-
py’’, “including natural products’’ which have antidiabetic proper-
ties like “walnuts some vitamins’’ and “minerals’’, “anthocyanins’’, 
“phenols for same including bariatric surgery (BS)’’.

RESULTS

We found a total of  86,283 articles pertaining to obesity and DM 
together of  which we selected 92 articles for this review after re-
trieving articles after searching cross references. No meta-analysis 
was done (Figure 1).

National and Asian Phenotypes

A sponsored study by Indian Council of  Medical Research (ICMR) 
suggested the widespread, seriousness of  diabetes across rural and 
urban areas with some areas showing prevalence as high as 13%.15 
Now evidence exists, that an “Asian phenotype’’ exists.16 The Asian 
DM patient is characterized by onset at younger age, higher risk 
even at lower BMI, higher abdominal obesity, higher cardiovas-
cular disease (CVD) in South Asia and stroke in East Asia.16 Thus 
these typical characteristics need to influence the way treatment 
drugs are prescribed based on availability and selected in these geo-
graphical areas.17

Role of History and Anthropometrics

Before starting the treatment of  obesity it is important to consider 
if  the patient has history of  any disease for which patient is on 
any medications. For example if  patient is on antidepressants like 
phenelzine, tranylcypromine mirtazapine, or lithium, drugs known 
to cause moderate to significant weight gain18,19 or antipsychotic 
agents like clozapine, olanzapine, risperidone, quatiapine20/or 
haloperidol again causing moderate to significant weight gain, or 
some antiepileptics like valproic acid,21-23 carbamazepine,22-25 gaba-
pentin,26,27 causing moderate to severe weight gain by increasing 
appetite and affecting metabolism, steroid hormones like pred-
nisolone28,29 or contraceptives like depot medroxyprogesterone 
acetate (DMPA),30 some β adrenergic blockers like atenolol, pro-
pranolol, atenolol increase weight slowly by inducing fatigue and 
lower activity.31 Hence, the importance lies in the physician realiz-
ing if  one has to select any antidepressants he/she chooses SNRI’s 
like duloloxetine, venlafaxine, milnacipran that don’t have weight 
gaining effects/or even minimal weight-lowering effects, of  anti-
psychotics aripiprazole, ziprasidone having no effect to minimum 
weight gaining effects, and of  antiepileptics choose topiramate or 
zonisamide in a patient who is slightly overweight or obese.

Systematic Review | Volume 6 | Number 1|

Figure 1. Flow Chart  for Identificaton and Selection Process
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Examination includin
 
Till date, BMI gets used to classify overweight and obesity though 
this does not take into account the persons body fat mass.32 Al-
though most people having a BMI>30 kg/m2 are seen to have a 
>proportion of  body fat it might be observed in roughly 1/3rd 
of  individuals having normal weight also.33 This incorrect fat-mass 
distribution occurs secondary to low muscle mass known as sarco-
penia. Increased waist circumference (WC) can be used to identify 
these patients, with WC exceeding 80 cm in women and 94 cm in 
men of  Caucasian origin.34 In view of  differences in ethnicities 
different cut-offs for different populations have been proposed,35 
like instead of  upper limit of  BMI of  25 kg/m2 for normal BMI 
as per WHO, the suggested cut off  for South Asians is 23 kg/m2, 
similarly for overweight 23-24.9 kg/m2 as compared to 25-29.9 kg/
m2 in Caucasians and for obesity as per greater than 30 kg/m2 for 
Caucasians, a value of  25 kg/m2 id recommended in South Asians 
with a WC 90 cm and 80 cm respectively for men and women 
in contrast to 102 cm and 88 cm for Caucasians.35 Independent 
of  BMI, increased visceral fat distribution increases the risk of  
atherosclerosis along with mortality. This normally needs? for 
proper measuring a persons body composition say by dual energy 
X-Ray absorptiometry (DEXA), bioelectrical impedance analysis 
(BIA), BOD-POD, besides measuring WC. Despite drawbacks of  
these methods, they are important for monitoring the course of  
weight reduction along with changes in the respective body com-
partments.36,37 Besides that what is important is to identify a cheap 
method to find the early stage of  sarcopenia, in view of  loss of  
muscle mass being common. For the elderly a questionnaire called 
SARC5-that has 5 questions as part, namely strength, assistance 
in walking, rising from a chair, stair climbing and falls. The global 
score of  this questionnaire varies from 0-10 points, where each 
part gets a score of  0-2 points. A score of  greater than/equal to 
4 points predicts sarcopenia and hence warrants more detailed as-
sessment in this aspect.38 This SARC-F questionnaire is one of  
best tools regarding screening for sarcopenia, which in routine 
practice has already proved in late middle-aged and elderly.39,40 In 
post BS patients to get detailed information on muscle function, 
hand-grip tests are used frequently.41

Weight loss Methods in Obese and Overweight People

The main aim is to get weight loss. Various methods used include 
Life Style interventions which includes diet and exercise, use of  
antiobesity medications and BS.

Life Style Interventions

Role of Exercise: Exercise is an important part of  Life Style in-
terventions. Aerobic exercise remains the best method for getting 
fat mass reduction. Other advantages an increase in lean mass, 
reduction in depression by release of  endorphins, an improve-
ment in glucose tolerance along with increasing insulin sensitivity, 
all by increasing irisin, and physical fitness (Figure 2). Because of  
which all scientific guidelines give a recommendation of  at least 
150 min/week of  moderate aerobic exercise that needs to be com-
bined 3 weekly times of  resistance training for increasing muscle 

strength.1,42-44 Problem remains that these intensive Life Style in-
terventions are difficult to follow along with maintenance over 
a long period of  time, even if  these patients get included in an 
optimal clinical trial as has been seen in the Look Ahead (Action 
for health in diabetes) trial.45 Though exercise remains an integral 
part of  weight loss obtainment, there have been different reports 
regarding additive weight loss when it gets combined the use of  
energy restricted diet.

Role of diet: To get this a low fat, low carbohydrate, or the Mediter-
ranean style diet can get used.46-48 This Mediterranean style diet has 
advantages of  better metabolic effects along with delaying need for 
delaying the antihyperglycaemic therapy in patients who had new-
ly diagnosed T2DM.49 Besides the mediterranean diet that might 
have these antihyperglycaemic effects, recently natural products 
have been introduced like anthocyanins which act through multiple 
mechanisms to increase insulin sensitivity in target organs like i) in-
cresing Galacto-ololigosaccharides that help in increasing glucose 
transporter 4 (GLUT4) translocation by increasing PPAR γ activity, 
ii) enhance activation of  adenosine monophosphate-activated pro-
tein kinase (AMPK), along with downregulating serine phosphory-
lation pf  insulin receptor sbstrate 1(IRS-1) phosphorylation, iii) re-
duce the retinol binding protein (RBP) Expressionand iv) lowering 
the highly sensitive C Reactive Protein (hs-CRP). Further weight 
reduction by anthocyanins is by mechanisms like reduction in ste-
rol regulatory element binding protein-1 (SREBP1) mRNA levels 
and inhibition of  fatty acid and triacylglycerol synthesis enzymes as 
well as down-regulation of  lipogenic factors and upregulation of  
enzymes (Figure 3). Anthocyanins are present in berries which in-
clude blackberries, bilberries, chokeberries, elder berries, cranber-
ries and raspberries that are the richest sources of  anthocyanins. 
Many other highly colored fruits like strawberries, black currant, 
cherry, grape, coloured cabbage, eggplant and radish also have 
high levels of  anthocyanins, thus it is important to include these in 
the low-calorie diets plans to improve insulin resistance (IR) along 
with helping in weight reduction.50 Similarly importance of  adding 

Systematic Review | Volume 6 | Number 1|

Figure 2. Recombinant Irisin Regulates the Thermogenic Program in Fat through ERK and 
p38 Pathways. Recombinant Irisin Produced in Yeast is Glycosylated and Active. It Induces the 
Thermogenic Gene Program in 3T-L1 Cells and Primary Subcutaneous Adipocytes. In Vitro 
Treatment of this Recombinant Protein in Mice Show Strong Anti-Obesity Effects and Improve 

Systematic Glucose Homeostasis93
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soybeans, chickpea to this diet has shown to further improve IR 
by the bioactive compounds present in these, like anthocyanins, 
isoflavones, GLUT-4 levels, inhibiting adipogenesis by downreg-
ulating peroxisome proliferated–activated receptor-γ (PPAR-γ), 
reducing adiposity, positively affecting adipokines, and increasing 
short-chain fatty acid producing beneficial bacteria in gut.51 A low-
fat diet must have adequate carbohydrates with complex carbohy-
drates instead of  mono or disaccharides.52,53 Although, what counts 
is maintenance of  this diet regularly.54 Hence in practical life it is to 
use wide type of  diet options which suits the patients good prefer-
ences, Life Style along with the medical condition like in an Indian 
scenario patient using a vegetarian diet might like to consume these 
soybean, chickpeas and other pulses. Further replacing 1-2 meals/
day by dietary supplements (low-calorie diets that have included 
aloe vera supplements, Habtemariam showed that the marketed 
supplements had benzoate derivatives along with methanol sug-
gesting they don’t meet the international aloe science council cer-
tification regulations)55 might help in consuming very low calorie 
diet to maintain weight loss.56 But this type of  diet is not suitable 
for children, adolescents or elderly people.1 In case of  sarcope-
nia cases, one has to supplement exercise with high protein diet.57 
Time of  protein intake and amino acid composition has been 
controversial.58 In advanced age, all are important, like acquiring 
muscle mass, physical fitness along with overall physical activity.59,60

Use of Weight Loss in Prevention of T2DM and Therapy

The pathogenesis of  DM has been demonstrated to be a resistance 
to insulin action in peripheral tissue insulin is a major regulator of  
cell metabolism, which in addition, is also a growth factor. Insu-
lin effects in target cells are mediated by the insulin receptor (IR), 
which is a transmembrane protein with enzymatic (tyrosine kinase) 
activity. However the IR, is represented by a heterogeneous family 
of  proteins, which include 2 different IR isoforms (Exon 11 minus 
IR-A and exon 11plus IR-B), along with a hemireceptor of  the 
cognate IGF-1 receptor. These different receptors may bind insu-
lin and its analogs with different affinity and produce different bio-
logic effects. The main physiological role of  the IR appears to be 
the metabolic regulation, whereas other receptor tyrosine kinases 
are engaged in regulating cell growth and/or differentiation. Re-
ceptor tyrosine kinases are allosterically required by their cognate 
ligands and function as dimers. In all cases but the IR (and 2 closely 
related receptors), these dimers are noncovalent, but the IRs are 
covalently maintained as functional dimers by disulfide bonds. It 
has been known for several years that many cancer cells require 
insulin for optimal in vitro growth. Recent data show i) that insulin 
stimulates growth mainly via its own receptor and not the IGF-1 
receptor ii) in many cancer cells the IR is overexpressed and the A 
isoform, that has a predominant mitogenic effect, is more repre-
sented than the B isoform. These properties give a selective advan-
tage to malignant cells when exposed to insulin. Because of  these 
reasons, all conditions of  hyperinsulinemia, both endogenous pre-
diabetes, metabolic syndrome, obesity, type 2 diabetes before pan-
creatic exhaustion and polycystic ovary syndrome and exogenous 
(type 1 diabetes) to increase the risk of  cancer. The complexity of  
the diseases associated with hyperinsulinemia and their therapies 
does not allow an exact evaluation of  the cancer promoting effect 
of  hyperinsulinemia, but its detrimental effect on cancer incidence 
and mortality is well-documented.61,62

 Insulin resistance (IRe) can be defined as a state in which 
greater than normal amounts of  insulin are required to produce a 
biological response. Insulin acts by coupling to a cell transmem-
brane receptor, a tetrameric protein with 2 identical alpha subunits 
and other 2 beta units. Alpha subunits are extracellular and alter the 
insulin coupling translate the signal to both intracellular beta sub-
units which have tyrosine kinase activity and are autophosphory-
lated with a subsequent increase of  their tyrosine kinase catalytic 
activity. Then endogenous protein substrates are phosphorylated 
and activate a cascade of  intracellular signals which in turn induce 
migration of  glucose transporter (GLUT-4) from intracellular 
pools to the cellular surface to facilitate glucose entry into the cell. 
So IR is due to an impairment of  one or more of  these steps of  
the process in target tissue which induce compensating hyperinsu-
linemia to maintain normoglycemia. But as years go by pancreas 
get exhausted and plasmatic glucose levels start to increase. Once 
glucose has increased, hyperglycemia has a toxic effect over islet 
cells (glucotoxicity) and has been demonstrated to impair the ki-
nase function of  insulin receptor (downregulation). An important 
consequence of  IR is the increase in free fatty acids, which in turn 
impairs, even more, the IR (lipotoxicity). Even more IR on hepat-
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Figure 3. Underlying Mechanism of Anthocyanins Against Insulin Resistance Associated 
with Diabetes and/or Obesity. The Decrease in Insulin Resistance and Enhancement of 
Insulin Sensitivity by Anthocyanins in Target Organs have been Shown to be Mediated 
Through Activation of the adenosine monophosphate-activated protein kinase (AMPK) and 
Downregulated the Serine Phosphorylation of insulin receptor substrate 1 (IRS-1), Enhanced 
glucose transporter 4 (GLUT4) Translocation by Increasing the Activity of peroxisome 
proliferator activated receptor-gamma (PPAR-γ), Lowering the high sensitivity C reactive 
protein (hs-CRP) Concentration, and reduction of retinol binding 4 (RBP4) Expression. The 
Reduction of Weight Gain by Anthocyanins is also Reported Through Mechanisms Including 
Reduction in the sterol regulatory element-binding protein 1 (SREBP-1) mRNA Level and 
Inhibition of fatty acid (FA) and triglycerol (TG) Synthesis Enzymes as well as 

Downregulation of Lipogenic Factors and Upregulation of Lipolytic Enzymes50

http://dx.doi.org/10.17140/OROJ-6-136


Obes Res Open J. 2019; 6(1): 1-10. doi: 10.17140/OROJ-6-136

Kaur KK,  et al

ic, muscular and adipose tissue is associated with overproduction 
of  proinflammatory cytokines, like interleukin6 (IL6) and tumor 
necrosis factor (TNF) and relative decrease of  anti-inflammatory 
cytokines like adiponectin. All these factors contribute to chronic 
inflammatory status.63

 With most T2DM patients being overweight or obese 
it is important to achieve weight loss for prevention of  T2DM 
along with managing the disease once it occurs. As reviewed by 
farr OM and Mantzoros,64 the Finnish Diabetes Prevention Study 
showed that an intensive dietary and exercise programme reduced 
the overall risk of  T2DM by 58%.65 similarly in diabetes preven-
tion program, moderate weight loss with Life Style interventions 
in an obese population with impaired glucose tolerance test (GTT) 
could decrease the incidence of  T2DM by 58%, though metformin 
use only reduced it by 31%.66 Though the data for both strategies 
was not given in DPP. In another study with each 1 kg weight loss 
in the 1st year of  DM diagnosis in T2DM was associated with 3-4 
months increase in survival, with l0 kg loss associated with an in-
crease in life expectancy by 35%.67 For people having T2DM, it was 
demonstrated by Williamson DF et al that an intentional Weight 
loss of  10 kg as was seen in the American Cancer Society’s Cancer 
Prevention study, total mortality got decreased by 25%.68 Similarly 
the Look Ahead Study emphasized the improved weight loss that 
occurred in T2DM patients. As per this study even a 5-10% weight 
loss improved overall fitness, decreased use of  antihyperglycaemic 
along with antihypertensive and lipid-lowering following 1 year.69,70 
On top of  those depressive symptoms and the remission of  ob-
structive sleep apnea or its decrease in severity resulted in second-
ary to weight loss.71,72 But what was important was all these good 
effects needed a minimum of  over 5% weight loss. With the need 
of  intensive Life Style interventions, that includes energy restric-
tion along with regular physical activity, getting this much Weight 
loss can’t be the expected primary treatment outcome in real life 
for all overweight and obese patients. Still, there is need to encour-
age these patients to reduce energy intake, that might irrespective 
of  their weight loss contribute to improve the glycemic control 
in them.73 Consumption of  walnuts have been approved for both 
T2DM prevention and maintenance of  glycemic status.74,75 One 
proposition is to consider weight loss medications for such cases 
which are suitable for these patients, giving a tug of  war with their 
weight control.

 Another important finding has been with diabesity, can-
cer risk increases, and addition of  metformin reduces that risk76 
(Figures 4,5).

Trying Antiobesity and Anti Diabetes Therapy Together

The importance of  properly controlling weight, improves body 
composition along with glycemic control was demonstrated by 
Olofsson E et al77 where cardiovascular (CV), stroke along with 
mortality had a direct relation with weight gain during treatment 
with antidiabetics. Since many factors might influence these results 
hence it is difficult to prove a direct correlation of  weight gain and 
morbidity, one can still say that weight gain indicates lesser therapy 
success and may potentially increase risk of  mortality. With study-
ing weight gain during antidiabetic therapies being not ethical still 
one should aim to use Antidiabetic agents that are weight neutral/
help in weight reduction must be the 1st choice after the obliga-
tory metformin therapy like alpha-glucosidase inhibitors, DPP IV 
inhibitors, SGLT inhibitors.78

 Various antiobesity pharmacotherapy have been intro-
duced worldwide. Of  the new drugs reviewed earlier by us,79,80 that 
are available in USA, only 2 of  them were licensed for Europe like 
liraglutide (1.8 mg for T2DM, and 3 mg for treatment of  obesity) 
along with contrave (a combination of  naltrexone and bupropion) 
although not launched in many European countries and similarly 
not available in most developing countries like India. These drugs 
have shown to attain weight loss along with improving their Hb 
A1clevels.81 Similarly semaglutide has shown improvement in 
weight control irrespective of  BMI in SUSTAIN 1-5 Trials, exam-
ining once weekly semaglutide against placebo, sitagliptin, exena-
tide ER, Insulin glargine as add on to metformin/sulfonoyl ureas, 
basal insulin trial.82 Thus need to carry proper studies for finding 
the effect of  antiobesity drugs in patients with T2DM is there.

5Systematic Review | Volume 6 | Number 1|

Figure 4. Possible Mechanism by which Metformin may be able to Inhibit Cancer Cell 
Growth. adenosine monophosphate-activated protein kinase (AMPK); endoplasmic reticulum 
(ER); insulin-like growth factor (IGF); liver kinase B1 (LKB1); mammalian target of 

rapamycinm (mTOR);  thrombospondin (TSP); unfolded protein response (UPR)76

Figure 5. Interrelationship between Pathological Mechanisms and Modifiable and 
Non-modifiable Risk Factors Involved in Diabetes, Obesity and Cancer. Insulin-like growth 

factor (IGF)76
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 Role of Bariatric Surgery

BS has been proven to be effective for obese people having a 
BMI>40 kg/m2 or those with 35 kg/m2 in the presence of  T2DM 
or other comorbidities.83 Of  the most prevalent BS’s available 
Roux-en-Y Gastric bypass and biliopancreatic diversions /duo-
denal switch surgeries are the most common and successful with 
initial reported excess weight reduction of  upto 68-70%, where 
excess weight is the difference between total pre-operative weight 
and ideal weight.84 Notably, improvement of  glycaemic control by 
BS is rapid and often seen even before a clinically relevant weight 
loss. Despite intense scientific investigation, changes in metabolic 
rate or intestinal nutrients absorption do not explain the efficacy 
and sustainability of  weight reduction.85 Changes in food intake 
are frequently reported which are basically due to changes in food 
preferences, taste perception and modifications if  central reward 
system.86,87 In case of  BS done in latter case remission was seen 
along with decrease in CV events in the Swedish Obese subjects 
study.88 Currently, these surgeries are done even with lower BMI’s. 
Problem with BS however, remains despite proper pre- and post-
operative checkup long-term nutritional and micro nutritional de-
ficiencies need lifelong vitamin and mineral supplementation. Fur-
ther rapid and massive weight loss of  muscle and fat-free mass may 
greater than equal to malnutrition and osteoporosis. Thus need for 
follow-up regarding muscle and fat distribution as well as bone 
health is needed at least 2 years following surgery.89

Bariatric Surgery and Drug Therapy Comparison

The surgical treatment and medications potentially eradicate dia-
betes efficiently 1 trial (STAMPEDE)-this 5 year trial supports the 
previous findings that BS is superior to intensive medical therapy 
in terms of  glycemic control, weight reduction, decreasing medica-
tion use, (all therapies like antidiabetics, antihypertensives and lipid 
lowering agents) along with improving quality of  life. All these ef-
fects were also seen in patients having milder obesity (BMI 27-34 
kg/m2. This makes one consider that BS be also considered for 
these patients with T2DM with milder obesity.90

Role of Vitamin A

Further role of  vitamin A has been emphasized in both pathogen-
esis of  obesity and diabetes, thus supplementation of  vitamin A 
has been emphasized in both disorders.91 Vitamin A is delivered by 
a specific protein called Retinol-binding proteins (RBP 4), which 
is emerging to have role of  insulin resistance, the major cause of  
diabetes is highly associated with adipose tissue inflammation, and 
obesity. RBP4 interacts with 2 receptors, the Toll-like receptor 4 
(TLR-4) and the plasma membrane protein is stimulated by reti-
noic acid 6 (STRA6), leading to the activation of  c-Jun N terminal 
protein kinase (JNK) pathways and JAK2/STAT5 cascade respec-
tively. Both mechanisms sustain IR. Hence ablation of  STRA6 
protects mice from RBP4 induced suppression of  IR. Binding of  
retinol-bound retinol-binding protein to a membrane-binding pro-
tein suppresses insulin signaling. All-trans retinoic acid, a derivative 
of  vitamin A, reverses these effects, resulting in increased insu-
lin sensitivity, suppression of  the phosphoenolpyruvate carboxykinase 

(PEPCK) gene, and the induction of  the glucokinase gene. Glu-
cokinase and PEPCK are also regulated in opposite directions by 
the vitamin biotin, acting at the transcriptional level. Biotin also 
regulates the synthesis of  insulin by the islet of  Langerhans cells 
of  the pancreas. The increase in advanced glycation end products 
(AGEs) is implicated in the initiation and progression of  diabetes-
associated microvascular diseases. Not only proteins in vitamin A, 
shuttle and signaling are emerging in diabesity, recently the dis-
covery of  9 cis retinoic acid (9C RA) with effects on controlling 
glucose levels have opened a new scenario. Right now only pan-
creatic β-cells are able to show its synthesis, high-levels of  9C RA 
correlate with obesity.92,93

CONCLUSION

Thus the importance of  studying obesity and diabetes together is 
identifying the populations most specific for these by epidemio-
logical studies as done by Zimmet in various regions of  different 
countries and individualizing the anthropometric data for the geo-
graphic area and try to use weight neutral anti-diabetics like liraglu-
tide of  available, otherwise preferably SGLT2 inhibitors or DPP 
IV inhibitors not only improves the quality of  life by preventing 
CVD, renal dysfunction, retinal function and improving life span, 
but also helps in preventing cancer if  metformin is included in 
the antidiabetic regimen.76 Further role of  vitamin A has been em-
phasized in both pathogenesis of  obesity and diabetes, thus sup-
plementation of  vitamin A has been emphasized in diabesity. Im-
portance of  using natural plants or fruits available products which 
have components acting as insulin sensitizers by acting on PPAR 
Gamma similar to thiazolidinediones, like anthrocyanin, soyabean, 
chickpeas should be included in diet of  dibesity patients along with 
walnuts. Also besides association of, T2DM, T1DM has also been 
seen associated with obesity, the incidence of  which is increasing 
and can be taken care of  by use of  biguanides or GLP-agonists.94,95 
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Menopause is characterized by marked changes in the circulat-
ing estrogen of  the female body.1 As women age, progres-

sively declines in ovarian function lead to a gradual reduction in es-
trogen secretion that ultimately ceases when menopause is reached. 
This transitional time is termed the perimenopausal period and it 
occurs approximately within one year of  its commencement.2 The 
perimenopausal years are crucial for the future health of  females 
as the observed hormonal alterations can lead to a number of  psy-
chophysiological changes that can increase the risk of  disease if  
not prevented early.2 Specifically, during the perimenopausal years 
the diminished concentrations of  estrogens, reduce their protec-
tive role on health and contribute to significant physiological dis-
turbances.3 Adverse health effects such as reductions in fat-free 
mass (sarcopenia), accumulation of  body fat and intra-abdominal 
visceral fat and associated adverse cardiovascular and metabolic 
impairments namely hypertension, atherosclerosis and insulin 
resistance are observed.1 Consequently, there is a significantly in-
creased risk in the development of  obesity and its comorbidities 
namely cardiovascular disease and type 2 diabetes, that can reduce 
the quality of  life and dramatically increase the risk of  mortality in 
older women.3 In conjunction with the aforementioned conditions, 
significant impairments in cognitive and mood state are observed 
in the peri and postmenopausal years, further increasing the risk 
of  morbidity and mortality in older women.4-6 An increased preva-
lence of  anxiety and depression and cognitive declines such as loss 
of  concentration, memory and a high risk of  developing dementia 
and Alzheimer’s disease have been noted, recognizing menopause 
not only as a reproductive but also as a neurological transitional 
state.7-9 These effects are exacerbated by the declines in physical 
activity participation and low exercise compliance observed in 
older women. The complex and multifaceted pathophysiology of  
the peri and postmenopausal years, makes the treatment of  the 

aforementioned comorbidities very difficult and challenging and 
warrants further research on identifying the ideal treatment plan 
for this population. Particularly, preventive treatment plans during 
the perimenopausal years are deemed essential in slowing down 
or delaying the development of  chronic mental and non-mental 
diseases later in life and increasing the well-being and quality of  life 
of  older women.
 
 It is well established that exercise is an essential treatment 
plan for the prevention of  chronic diseases in older women.10 A 
number of  research studies have demonstrated the central role that 
regular endurance exercise has on the health, well-being, and quali-
ty of  life of  older women by partly attenuating some of  the physio-
logical changes occurring with aging.11,12 In healthy postmenopaus-
al women, participation in moderate intensity continuous exercise 
training alone has been shown to induce improvements in body fat 
and abdominal visceral adiposity, insulin resistance, lipid levels and 
inflammatory markers that can be further accelerated when exer-
cise is combined with a balanced nutrition plan.13,14 In overweight 
and obese postmenopausal women, regular moderate-intensity 
endurance exercise for 3-4 months has been well documented to 
improve body mass index, body composition and insulin sensitiv-
ity.15 In type 2 diabetic obese postmenopausal women, moderate 
intensity endurance exercise can induce significant improvements 
in glycemic control, Hemoglobin A1c and inflammatory markers 
primarily due to reductions in intra-abdominal visceral adipos-
ity and increases in exercise capacity.16-18 While, in hypertensive 
postmenopausal women there is strong evidence to support the 
important role of  endurance exercise on reducing cardiovascular 
risk factors through significant improvements in blood pressure, 
autonomic tone, baroreflex sensitivity and oxidative stress.19,20 Fi-
nally, studies on the effects of  regular endurance exercise on mood 
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state in women during the menopausal transition, demonstrate 
significant improvements in depressive symptoms and reduction 
in menopause-related anxiety and mood disorders after endurance 
exercise training.4,21

 Despite the accumulated evidence on the effects of  en-
durance exercise on the postmenopausal years, there is a scarcity 
of  data on the effects of  exercise on the critical time period of  the 
perimenopausal years. The limited studies conducted demonstrate 
the promising effects of  endurance exercise training on the health 
and exercise capacity of  perimenopausal women but also stress the 
need for more studies to be conducted in this understudied popula-
tion.11,22-25 In the few studies that have been conducted, it is evident 
that moderate-intensity endurance exercise primarily in the form 
of  walking can induce significant improvements in body weight, 
body fat, aerobic fitness and overall exercise capacity in perimeno-
pausal women.11,23 Moreover, endurance exercise has been shown 
to induce significant improvements in independent cardiovascular 
risk factors such as glucose and lipid levels and overall quality of  
life in pre and perimenopausal women.22,24,25 However, no research 
studies have investigated the effects of  exercise on the mood and 
cognitive state of  perimenopausal women, leaving a gap in the lit-
erature on a crucial time period for women’s mental health. There 
is an urgent need to conduct more research studies on the peri-
menopausal years in order to identify optimal lifestyle treatment 
plans that can prevent the development of  mental and non-mental 
health problems at an early stage. 

 High-intensity interval exercise (HIIE) has recently 
emerged as a favourable exercise modality for clinical populations 
with obesity, type 2 diabetes and cardiovascular disease leading 
to comparable or even faster improvements in exercise capacity, 
body composition and cardiometabolic health parameters.26-29 Spe-
cifically, similar or faster improvements in exercise capacity, insulin 
resistance, blood pressure and cardiac function have been docu-
mented in older clinical populations with metabolic syndrome, car-
diovascular disease and type 2 diabetes when training with HIIE 
compared to continuous exercise.29,30 In older male and female 
obese populations, HIIE has been documented to have similar 
effectiveness with moderate intensity continuous exercise across 
all body composition measures but in a more time-efficient way, 
by requiring less than 40% training time compared to continuous 
exercise.27 Furthermore, HIIE has been reported to lead to similar 
enjoyment and exercise adherence levels in overweight and obese 
older males and females with continuous exercise, demonstrating 
the important role that it might have on exercise compliance in this 
population.31 However, limited evidence exists on the effects of  
HIIE on the exercise capacity and health on the specific high-risk 
time periods of  peri and menopause. In postmenopausal women, 
16-weeks of  HIIE have been shown to lead to greater weight loss 
and improvements in body composition compared to continuous 
moderate intensity exercise in healthy postmenopausal women32 
and greater reductions in intra-abdominal adiposity in obese post-
menopausal type 2 diabetic women.12,33,34 Moreover, Mandrup et 
al12 has demonstrated significant improvements in body composi-
tion as observed by increases in lean body mass and reductions in 

fat mass and improvements in cardiometabolic risk factors in post-
menopausal women after HIIE training. Finally, Egelund et al35 
studied the effects of  HIIE on early postmenopausal women and 
found marked improvements in cardiac function in terms of  sys-
tolic and diastolic function after 12 weeks of  cycle interval training. 

 The effects of  HIIE on the perimenopausal years is large-
ly understudied. In younger overweight and obese women, HIIE 
has been shown to be a potentially more effective mode of  exercise 
compared to continuous exercise, in terms of  time-efficiency and 
perception of  effort while significantly improving aerobic fitness, 
blood glucose and lipid levels.36 In a recent study that our research 
group conducted investigating the effects of  an acute bout of  in-
terval exercise on psychophysiological adaptations in overweight 
perimenopausal women, we found that one acute bout of  HIIE 
alone was effective in inducing significant improvements in the sys-
tolic and diastolic blood pressure of  this population.37 Moreover, 
it led to improvements in mood, exercise enjoyment and exercise 
tolerance, especially when combined with high carbohydrate versus 
high protein pre-exercise feedings, while no changes were noted in 
cognitive capacity.37 Further, in unpublished preliminary data from 
our research group, we have found that one bout of  interval exer-
cise can induce similar fat oxidation rates and exercise enjoyment 
compared to continuous exercise in a group of  overweight peri-
menopausal women, mimicking the findings of  an earlier study in 
younger women where 7 sessions of  HIIE over a two-week period 
resulted in marked elevations in whole body and skeletal muscle 
fatty acid oxidation.38 It is important to note that the improvements 
seen in our group of  perimenopausal women with HIIE were 
achieved in approximately half  the exercise duration compared to 
continuous exercise, suggesting significant practical training appli-
cations for this population, given that “lack of  time” is the most 
commonly cited barrier to regular exercise participation. Research 
on the effects of  long-term HIIE have also shed some light on the 
potential advantageous effects of  this mode of  exercise for older 
women. Seidelin et al39 recently demonstrated improvements in 
aerobic capacity in late pre-menopausal women after intermittent 
exercise training for 12 weeks. Moreover, the group of  Mandrup et 
al12 reported that a 3-month high-intensity aerobic training inter-
vention induced similar levels of  improvements in cardiovascular 
disease and type 2 diabetes risk factors in pre-menopausal women. 
Finally, Egelund et al35 showed that a 12-week HIIE intervention 
on pre-menopausal women led to significant positive adaptations 
in cardiac function such as left ventricle mass and left atrial end-
diastolic and end-systolic volumes.40 More evidence is required to 
further investigate and establish the effectiveness of  HIIE on the 
perimenopausal years, especially in terms of  neurological and cog-
nitive health disturbances in this population.41 

 It is evident that additional investigations are needed to 
assess the effects of  exercise on the critical perimenopausal years. 
Perimenopause offers the unique opportunity for chronic disease 
risk reduction in women at an early stage, prior to menopause, at 
which time point the development of  chronic diseases is accen-
tuated.42 More studies need to be conducted on clinical exercise 
modalities such as high-intensity interval exercise clinical proto-
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cols that can optimally counteract the effects of  menopause on 
women’s health and reduce the risk of  developing mental health-
related comorbidities. Re-evaluating the optimal exercise mode for 
this population could lead to a more effective exercise prescription 
that could enhance exercise adherence and enjoyment while allow-
ing women to exercise in a more time-efficient manner compared 
to the traditionally prescribed exercise programs.
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Diabetes prevalence is at an alarming level. It is predicted that 
one in ten adults will have the condition by 2030 compared 

with one in eleven at present.1 Despite several global calls for ac-
tion to reverse such a trend, the  number of  people with diabetes 
and associated lifestyle diseases continues to rise leading to sig-
nificant health burdens, morbidity and premature mortality.2 Such 
challenge makes it crucial to adopt immediate preventative policies 
which embed effective lifestyle diabetes interventions, especially 
those integrating multi-components interventions.3

 
 Adopting a multi-component approach which encom-
passes changing behavioral and physical aspects is likely to be more 
effective than a single component diabetes prevention program. 
Lessons from large lifestyle interventions combining a variety of  
physical activity patterns with different healthy dietary regimes 
have unequivocal evidence about their joint long-term effective-
ness compared with adopting a single component whether exer-
cise, diet or medication alone.4,5 For example, the Finish diabetes 
study was first to show a remarkable 58% reduced rates of  diabe-
tes incidence when a longitudinal multi-component intervention 
(behavioral, exercise and dietary) was followed by individuals with 
glucose intolerance.3 Similar longitudinal diabetes risk reduction 
of  58% was found for those with pre-diabetes in the US diabetes 
prevention program when exercise and diet approaches were com-
bined, compared with almost half  (30% reduction) found when 
relying on insulin-sensitizing drug Metformin.5 A fifteen-year fol-
low-up of  the latter showed that medication did not elicit better 
risk-reduction benefits than a multi-component lifestyle interven-
tion. 

 Adopting healthy behaviors, particularly adopting physi-

cal activity and healthy nutrition can have reciprocal favorable out-
comes. Observational evidence has reported that amongst older 
adults (60-80-years-old), those who consumed a healthy diet such 
as the Mediterranean diet were more likely to be active in their 
lifestyle than those who consumed a western diet.6 In such, adopt-
ing such a dietary component with an exercise training component 
provided additional vascular and cardiometabolic protective bene-
fits in high-risk individuals.7,8 On the other hand, adding an exercise 
to a multi-nutrient supplementation proved much more effective in 
preventing age-related decline in high-risk very old frail men and 
women, than the supplement alone, a single intervention compo-
nent.9 The latter study showed that a single component (supple-
mentation only) failed to slow age-related deleterious outcomes 
compared with favorable outcomes found when strength exercise 
was combined with the supplementation.9 In such, interventions 
should always adopt exercise and nutrition as essential components 
of  a lifestyle intervention strategy. Even at the screening phase, 
assessing a combined physical activity, cardiorespiratory fitness, 
nutritional intake alongside diabetes and associated cardiometa-
bolic risk factors, is likely to encourage healthy behavior change 
in high-risk individuals.10,11 Therefore, adopting multi-component 
prevention strategy, both at baseline assessment and throughout 
the intervention not only augments their benefits but prevents po-
tential hazards.   

 Addressing as many lifestyle components as feasible is 
also important. For example, it is now known that sedentary behav-
ior and sleep patterns are associated with the development of  dia-
betes.12 Recent research evidence has classified sedentary lifestyle 
behavior, such as TV watching, prolonged sitting hours or driving 
as an independent risk factor for type-II diabetes.12,13 Reported as-
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sociations include higher type-2 diabetes incidents, cardiovascular 
disease and all-cause mortality independently of  leisure-time physi-
cal activity.13 Since it is difficult to quantify such behaviors in physi-
ological terms, cardiorespiratory fitness remains the gold standard 
for measuring physical activity or its lack, since that least cardiore-
spiratory fit individuals suffer from significantly increased chronic 
disease risks and all cause-mortality risks.14 Therefore, sedentary 
behaviors, physical activity, and cardiovascular health can all be as-
sessed through cardiorespiratory fitness as an essential vital sign,15 
and so it should form an integral part of  any lifestyle intervention.

 The scientific knowledge about the behavioral, lifestyle 
and biological components is continuously evolving, which enables 
better targeting of  several modifiable disease risk factors for diabe-
tes and associated diseases. This also requires integrating exercise 
science, nutrition and behavior approaches to personalize future 
lifestyle interventions. Future studies can take forward previous 
success stories using multi-component lifestyle interventions based 
on contemporary knowledge and recent technological advances 
relevant to the 21st century.
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 ABSTRACT
Aim
The obesity epidemic has been largely attributed to changes in lifestyle habits established over the past three decades. These changes 
are mainly attributed to excessive nutrition and decline in physical activity as well as additional factors such as reduced intestinal mi-
crobiota diversity, sleep duration, endocrine disruptors, and reduced variability of  the ambient temperature. However, the obesogenic 
environment is not sufficient to determine the presence of  obesity, it is necessary that the lifestyle becomes associated with a personal 
predisposition for the phenotype to emerge. In this article, we review the main forms of  monogenic and syndromic obesity, as well as 
a historical summary of  the search for the genes that add up to confer greater risk for the development of  polygenic obesity.
Methods
We carried out a PubMed search, along with ExcerptaMedica database (EMBASE)/Cochrane library, Web Sciences for the Medical 
Subject Headings (MeSH) terms “obesity’’ AND “genetics” for the past 5-years.
Results
We found a total of  14057 articles pertaining to obesity and genetics together of  which we selected 92 articles for this review after 
getting articles after searching cross references.
Conclusion
Studies with twins and adopted children show that 55 to 80% of  the variation of  body mass index (BMI) is attributed to genetic fac-
tors. According to the genetic criteria, obesity can be classified as A) Monogenic - when a mutated gene is responsible for the pheno-
type; B) Syndromic - when a set of  specific symptoms are present and a small group of  genes is involved; usually the term is used to 
describe obese patients with cognitive delay, dysmorphic features, organ-specific abnormalities, hyperphagia, and/or other signs of  
hypothalamic dysfunction; C) Polygenic - also called “common” obesity, present in up to 95% of  cases. Many genes add up to give a 
greater risk to the individual, and if  associated with some habits culminates in obesity. In spite of  its great relevance, the search for the 
genes that raise the risk of  obesity has not been easy. It is still a challenge for the scientific community to separate the genetic element 
from the environmental component in the etiology of  this disease. Individuals more susceptible to excessive adiposity may carry risk 
variants in the genes that influence appetite control, the regulation of  cellular machinery, lipid metabolism and adipogenesis, the energy 
expenditure, insulin signaling, and inflammation.

Keywords
Obesity; Genetics; Polygenic; Monogenic; Syndromic; Polymorphism.
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INTRODUCTION

Obesity is a serious and growing public health problem. It is 
a significant risk factor for the leading causes of  mortal-

ity, including type 2 diabetes, cardiovascular diseases, and certain 
types of  cancer. The number of  individuals with weight excess 
(obesity+overweight) increased from 857 million in 1980 to 2.1 bil-
lion in 2013, and it is projected to reach levels of  89% and 85% of  
men and women, respectively, in 2030.1,2 Until recently, obesity was 
considered only as a consequence of  an imbalance between intake 
and energy expenditure; obesity is now seen as a neurobehavioral 
disease, in which there are alterations in the hypothalamic control 
of  hunger and satiety and energy expenditure.3,4

 
METHODS

We carried out a PubMed search, along with excerpta medica data-
base (EMBASE)/Cochrane library, Web Sciences for the Medical 
Subject Headings (MeSH) Terms “obesity’’AND genetics” for the 
past 5-years.

RESULTS

We found a total of  14057 articles pertaining to obesity and genet-
ics together, after exclusions and getting articles searching through 
cross references, 92 articles were selected for qualitative synthesis, 
and 40 are the basis for this review (Figure 1).

Obesity Epidemic

The obesity epidemic has been largely attributed to changes in life-
style habits established over the past three decades. These changes 
are mainly attributed to excessive nutrition and decline in physical 
activity,5,6 as well as additional factors such as reduced intestinal 
microbiota diversity, sleep duration, endocrine disruptors, and re-
duced variability of  the ambient temperature.5,7 However, the obe-
sogenic environment is not sufficient to determine the presence 

of  obesity, and it is necessary that the lifestyle becomes associated 
with a personal predisposition for the phenotype to emerge.8 Two 
main evolutionary hypotheses try to explain the current obesity 
epidemic. They are the “thrifty genotype” and “predator release” 
hypothesis.

Thrifty Genotype Hypothesis

The “thrifty genotype” hypothesis, described by Neel in 1962,9 pro-
poses that genetic variations that result in a higher capacity to store 
energy as fat were positively selected in times of  food deprivation. 
It is believed that over thousands of  years this “thrifty genotype” 
has been perpetuated and was essential in the evolution of  human-
ity. It is postulated that the genes that compose the “ thrifty geno-
type” are responsible for: higher capacity to accumulate energy in 
the form of  fat, ability to save energy in critical periods, ability to 
“turn off ” non-essential metabolic pathways and ability to ingest 
large amounts of  food whenever these are available.10,11 The same 
“thrifty genotype” is currently disadvantageous because of  easy ac-
cess to high densely energetic foods and low caloric expenditure.9

Predator Release Hypothesis
 
In 2007, Speakman12 published the “predator release theory”, 
complementary to the “thrifty genotype” hypothesis.12 Based on 
anthropological and epidemiological evidence, genetic tracing and 
experimental research, the theory postulates that the higher agility 
characteristic of  lean individuals has selected them who are better 
adapted for food search and escape from predators. That was true 
until the discovery of  fire in the paleolithic period when it is ob-
served a significant increase in body weight over time. The theory 
attributes this increase in weight not only to the cooking capacity 
(that leads to better palatability of  food and greater absorption of  
nutrients), but fundamentally to the fact that fire keeps away the 
main predators (that leads to a reduction on energy expenditure 
on the run to escape from natural predators). The theory suggests 
that the initial genetic network responsible for low weight and high 
body performance characteristics has been suppressed and lost 
over the millennia.11

Genetic Predisposition to Obesity

Several pieces of  research show the importance of  genetics in the 
susceptibility to obesity. Studies with twins and adopted children 
show that 55 to 80% of  the variation of  body mass index (BMI) is 
attributed to genetic factors.13-15 The concordance rate for obesity 
is higher among monozygotic than dizygotic twins; the weight of  
adoptive children is closer to that of  their biological parents than 
to their adoptive parents.13-15 

According to the genetic criteria, obesity is classified as16:

A) Monogenic - when a mutated gene is responsible for the phe-
notype;

B) Syndromic - when a set of  specific symptoms are present and 
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Figure 1. Article Selection Flowchart
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a small group of  genes is involved; usually the term is used to 
describe obese patients with cognitive delay, dysmorphic features, 
organ-specific abnormalities, hyperphagia, and/or other signs of  
hypothalamicdys function

C) Polygenic - also called “common” obesity, present in up to 95% 
of  cases. Many genes add up to provide a further risk to the in-
dividual, and if  associated with some habits culminate in obesity.

Monogenic Obesity

Monogenic obesity disorders are a heterogeneous group of  
rare conditions that increase food intake and reduce energy ex-
penditure.16 Many occur from mutations in genes related to the 
hypothalamic system of  energy balance control,8,11,16,17 as the 
leptin-melanocortin system. These mutations result in changes in 
the concentrations and/or activity of  hormones, receptors and 
enzymes, leading to the phenotype of  intense hyperphagia with 
early-onset obesity, sometimes associated with endocrine abnor-
malities.8,16-18 The main genes involved in monogenic obesity are 
summarized in Chart 1.

Syndromic Obesity

The term “syndromic obesity” refers to patients with early-onset 
obesity associated with an intellectual deficit, dysmorphic features, 
organ-specific abnormalities, extreme hyperphagia, and/or other 
signs of  hypothalamic alteration.16,19,20 More than 100 syndromes 

associated with obesity were described; the most common are 
summarized in chart 2.17,21

Polygenic Obesity

Polygenic obesity, also called common obesity, is the most preva-
lent type of  obesity. It is multifactorial and depends not only on 
genetic factors but also on the existence of  a favorable environ-
ment, established by an “obesogenic” lifestyle, with overfeeding, 
sedentary life, stress, among others. The genetic susceptibility 
comes from the cumulative effect of  the contribution of  several 
genes, with each presenting a slight effect on BMI, in a polygenic 
pattern.17,22

 Differences between individuals and their predispositions 
to weight gain indicate that common variations of  the genomic 
DNA sequence may be responsible for weight gain.19,23 However, 
in spite of  its great relevance, the search for the genes that raise 
the risk for obesity has not been easy.24,25 It is still a challenge for 
the scientific community to separate the genetic element from the 
environmental component in the etiology of  this disease. Individu-
als more susceptible to excessive adiposity may carry risk variants 
in the genes that influence appetite control (NPY, POMC, MC4R, 
etc), the regulation of  cellular machinery (FTO, DRD2, etc), lipid 
metabolism and adipogenesis (PPAR, APOE, PLIN, etc.), energy 
expenditure (UCP), insulin signaling (IRS, etc) and inflammation 
(ADIPOQ, IL6, RETN, etc).18,23,26

 Different approaches have been developed to elucidate 
the genetic component of  polygenic obesity: Candidate gene, ge-
nome-wide linkage study (GWLS) and genome-wide association 
study (GWAS).

Systematic Review | Volume 6 | Number 1|

Chart 1. Monogenic forms of Obesity16

Chart 2. Syndromic Obesity17,21
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Candidate Gene

Association studies of  candidate genes aim to identify the rela-
tionship between one or more polymorphisms and a phenotype. 
During the mid-1990s, studies began to identify common genetic 
variants (also called SNP - single nucleotide polymorphisms) that 
contribute to obesity susceptibility.27

 The genes considered candidates were analyzed because 
of  previous biochemical, physiological and/or clinical research, or 
even because of  their location (in a region of  linkage/association) 
or pharmacological findings, indicating a correlation with BMI 
variation; being performed in cases of  extreme and early-onset 
obesity or in transgenic animal models.27,28 The search was then 
concentrated in those genes that play fundamental roles in the 
central or peripheral pathways of  control of  energy consumption 
and expenditure, influencing the regulation of  food intake, energy 
expenditure, lipid and glucose metabolism, and adipose tissue de-
velopment.28 Hundreds of  genes have already been investigated as 
candidates to provide susceptibility to obesity, yet only a few have 
demonstrated a convincing association,27 and the replication of  the 
results of  most of  the work has been inconsistent, so the conclu-
sions of  the candidate gene studies remain obscure.29

Genome Wide Linkage Study (GWLS)

In the late 1990s, the GWLS emerged. These studies have a gen-
erating hypotheses approach of  certain chromosomal regions co-
segregating with a trace or disease. They screen the entire genome 
of  related individuals, with about 400-600 polymorphic markers, to 
identify chromosomal regions that segregate with obesity-related 
traits.27 

 Saunders et al,30 after conducting a meta-analysis of  37 
GWLS studies, concluded that this is not an effective strategy for 
detecting genetic variants for common obesity since they did not 
locate any locus with convincing evidence.

Genome Wide Association Study (GWAS)

The GWAS, unlike previous approaches, proved to be quite effi-
cient.28 In these studies, there is no assumption of  the function of  
the gene being investigated. They are based on the association of  
several markers, special needs plans (SNP) usually, identifying ge-
nomic regions rather than specific genes, and are particularly useful 
in complex common diseases such as obesity and diabetes.5,28

 The high success of  this type of  study stems from three 
factors: 1) the human genome is screened at a very high resolution 
with high-density scans, since more than two million genetic vari-
ants are tested for association with the characteristic of  interest; 2) 
the sample size is much larger than in the linkage studies because 
participants do not need to be related, 3) the rigorous level of  
significance, established by the study design format, in two steps. 
The first stage identifies the loci for which the associations reach 
high-levels of  significance in the genome scan, and then the sec-

ond stage tests the loci for association in an independent series of  
samples. A locus is considered established when the association 
reaches a significance of  <5×10-8 in the subsequent meta-analysis 
of  the results of  the first and second stages. Thus, the GWAS stud-
ies provide highly credible and robust association results.22,27,31

 GWAS studies were important to understand the genetics 
involving obesity. Most studies were performed in white Europe-
ans and addressed various loci in relation to BMI, body fat, waist 
and hip waist ratio, extreme and early-onset obesity.5,27 These stud-
ies evolved in 4 waves with a progressive increase of  the sample.27 

 In the first wave, genetic variations were identified in the 
fat mass and obesity-associated protein (FTO) intron. The FTO is 
related, in addition to BMI, to the risk of  obesity, abdominal cir-
cumference, body fat percentage and with childhood obesity. The 
second wave corroborated the association of  obesity with FTO 
variations and identified a locus related to the MC4R. Mutations in 
MC4R are one of  the causes of  extreme obesity in childhood. The 
third and fourth waves identified new loci for BMI and, by the end 
of  four waves; GWAS had identified 32 loci unequivocally associ-
ated with BMI.27

 In 2006, Rankinen et al after evaluating 61 GWAS studies, 
updated the “genetic map of  human obesity”, which at that time 
had 253 loci on all chromosomes except Y.32 

 In 2010, the giant-cell tumor medical definition (GIANT) 
consortium conducted in adults only33 established32 susceptibility 
loci for BMI, several of  which were confirmed in French and Ger-
man children with severe obesity.34 In 2012, the largest genome-
wide association studies (GWAS) meta-analysis study was carried 
out on children: 5530 cases and 8318 controls were evaluated and 
the strong genetic influence on the development of  childhood 
obesity was verified.35

 In 2015, Locke et al36 published a GWAS study with ap-
proximately 340.000 individuals, identifying 97 loci with 2.1 mil-
lion genetic variations, accounting for 2.7% of  the BMI variation.36 
Most of  the seloci are expressed in the Central Nervous System  
(CNS) and carry genes involved in pathways that affect the neu-
ro-circuits of  appetite regulation and satiety (BDNF, MC4R and 
NEGR), as well as insulin secretion and action pathways (TCF7L2, 
IRS1), adipogenesis and energy and lipid metabolism (FTO, RP-
TOR, MAP2K5). Some genes also involved in monogenic non-syn-
dromic obesity are associated with polygenic obesity and present 
common polymorphisms in PCSK1, MC4R, and POMC.8,36

 In 2019, Khera et al31 performed a metanalyses of  GWAS 
studies and developed the first conclusive genetic risk score for 
obesity. After assessing 2.1 million SNPs in more than 300.000 indi-
viduals, the authors developed the genomic polygenic score (GPS) 
that allows the identification of  people with high susceptibility to 
obesity. Each variant is individually associated with minimal differ-
ences in birth weight but predicts clear weight differences during 
early childhood and profound differences in weight trajectory and 
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risk of  developing severe obesity in subsequent years. Therefore, 
like GPS, other risk scores created from computational algorithms 
and large data sets are expected to identify a subgroup of  the pop-
ulation that is at substantial risk for severe obesity in some cases 
equivalent to rare monogenic mutations and others that enjoy con-
siderable protection.22,31 Chart 3 summarizes the phenotypes re-
lated to genes involved in the genesis of  polygenic obesity.

Epigenetics and Obesity

Epigenetics refers to changes that occur in deoxyribonucleic acid 
(DNA) that do not alter the sequence of  nitrogenated bases but 
can control chromatin compaction and interfere with gene expres-
sion through the mechanisms of  DNA methylation, histone modi-

fication, and gene silencing throw non-coding micro ribonucleic 
acid (mRNA) (small RNA molecules that bind to messenger RNA 
and there by block protein translation).37

 The intrauterine environment and nutrient supply during 
the 1000 days (from conception to the second year of  life) modu-
late the expression of  genes involved in appetite regulation, insulin 
sensitivity, among others and can modify the risk of  developing 
obesity and metabolic diseases.8,37-39 Exposure to maternal hyper-
glycemia in utero alters DNA methylation of  placental leptin and 
adiponectin genes in humans, as well as thousands of  other genes 
in umbilical cord tissue and blood that have been implicated in 
obesity.38

 A complete review of  epigenetic mechanisms in the gen-
esis of  obesity is beyond the scope of  this article and can be ac-
cessed in other reports.8,40

CONCLUSION

Genetic predisposition is an essential component in the genesis 
of  obesity. Rare cases of  monogenic and syndromic obesity have 
a well-established genetic background, and this knowledge has 
contributed to revealing important molecular mechanisms in the 
pathophysiology of  obesity. The diagnosis of  these forms of  obe-
sity is important because it allows genetic counseling and, in some 
cases, guides the treatment in a more specific way, as in Prader Willi 
Syndrome and leptin/melanocortin pathway mutations.

 The polygenic nature of  common obesity makes the dis-
covery of  risk genes and their variants a challenging task. GWAS 
studies have brought new insights to the understanding of  the gen-
esis of  obesity. However, the contribution of  specific genes to the 
phenotype of  polygenic obesity still accounts for only a small part 
of  BMI variability. Recently the development of  GPS has proven 
to be a valid risk score to identify individuals at higher risk for de-
veloping obesity, but still without a place in clinical practice.

 It is hoped that in the future, greater knowledge of  the 
contribution of  genetic and epigenetic variants to the genesis of  
obesity will assist physicians in clinical decision making, as early 
and intense preventive measures for people with a high genetic risk 
score for the development of  obesity, and personalized treatment 
of  the obese based on the genetic background.
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 ABSTRACT

Purpose
While there are some studies on sleep and physical activity, little is known regarding the associations between sleep and sedentary be-
havior. This study investigated the associations between sleep, sedentary behavior, and physical activity among young adults.
Methods
Cross-sectional data from 124 undergraduate students were included in the analysis (age=21±1 years). Both accelerometer-based and 
self-report assessments of  sleep were included; physical activity and sedentary behavior were assessed by accelerometers. Participants 
were asked to fill out sleep questionnaires and wear accelerometers for 7 days. Pearson correlations, partial correlations, and analysis 
of  covariance (ANCOVA) analyses were performed to investigate the relationships between sleep, sedentary behavior, and physical 
activity.
Results
After adjusting for age, gender, percent body fat, educational level, and monthly allowance, prolonged sedentary time was correlated 
with a shorter sleep onset latency (r=-0.19, p=0.04), shorter time in bed (r=-0.43, p<0.001), and shorter sleep duration (r=-0.38, 
p<0.001). Moderate-to-vigorous physical activity (MVPA) was positively correlated with sleep onset latency (r=0.43, p<0.001). Sed-
entary behavior and MVPA were not correlated with sleep quality or daytime sleepiness. After further categorizing sleep duration 
into three subgroups, individuals with ≤6 hours (p<0.001) of  sleep spent more time being sedentary than did those with 6-7 hours 
(p<0.001) and ≥7 hours (p=0.007) of  sleep. Individuals with 6-7 hours of  sleep had a higher level of  MVPA than did those with ≥7 
hours of  sleep.
Conclusion
Improving the duration of  sleep may be a viable approach to help reduce sedentary behavior among young adults. Future studies 
with longitudinal designs are needed to further investigate the directionality of  these associations and their potential mediators and 
moderators.

Keywords
Accelerometer; Sleep; Sedentary; Physical activity.

INTRODUCTION

Obesity is a significant public health issue that causes a high 
economic burden for society, in relation to both direct and 

indirect costs.1 In Taiwan, the obesity rate has continually increased 

over the past two decades. According to nationally representative 
data from the Nutrition and Health Survey in Taiwan, the preva-
lence of  obesity [body mass index (BMI)≥27 kg/m2] was 22% in 
adults aged 19 years and above in 2014.2 To prevent adverse health 
outcomes associated with obesity, intervention programs aimed at 
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improving risk factors of  obesity are needed. Three of  the im-
portant modifiable behavioral factors that influence obesity-related 
disease risk are sleep, sedentary behavior, and physical activity.3,4

 There is compelling evidence that physical activity is re-
lated to favorable sleep durations and sleep quality.5 High school 
students who engaged in more than 3.5 hours of  physical activity/
week had better sleep quality than those who engaged in 3.5 hours 
or fewer hours of  physical activity/week.6 Another study showed 
that daily physical activity for ≥60 minutes is associated with suf-
ficient sleep.7 While sleep and physical activity have been widely 
studied, a much smaller amount of  data are available regarding 
the associations between sleep and sedentary behavior. Moreover, 
findings on the relationships between sleep and sedentary behavior 
have been less conclusive. One study found that young individu-
als who watched 3 or more hours of  television (TV)/day were at 
greater risk for sleep problems by early adulthood than those who 
watched fewer than 3 hours/day.8 On the other hand, Chen et al9 
found that the number of  hours during which Taiwanese adoles-
cents watched TV on weekdays and the number of  hours during 
which they used a computer for purposes other than schoolwork 
were not associated with insufficient sleep. It has been suggested 
that more studies are needed to understand how sedentary behav-
ior is linked to different sleep problems, such as sleep onset latency, 
short sleep durations, and sleep efficiency.10

 Another gap in the existing literature8-10 regarding sleep 
and sedentary behavior is that most studies relied on subjective 
assessments which may be prone to self-reported bias. Accelerom-
eters can be used to provide objective estimates of  sleep, sedentary 
behavior, and physical activity simultaneously using the same mon-
itors. Hence, the aim of  this study is to evaluate the associations 
between accelerometer measures of  sleep, sedentary behavior, and 
physical activity. To enrich the understanding of  how sleep and 
sedentary behavior are related, subjective measures of  sleep quality 
and daytime sleepiness is also included in the study.
 
MATERIALS AND METHODS

Participants

A total of  131 college students were recruited from a university 
in Taiwan. Participants were excluded from the study if  they (1) 
were previously diagnosed with any major illnesses that could af-
fect their physical abilities; or (2) took any medications that may 
influence body composition and sleep.

Procedures

Flyers were posted on the message boards in the university and 
interested students could sign up to be contacted. At the health 
promotion center on campus, trained study team members pro-
vided information about the study and obtained written consent 
from the students who agreed to participate. Eligible participants 
completed body composition measurements as well as the demo-
graphic and questionnaires on sleep quality and daytime sleepiness. 

Afterwards, participants were instructed to wear an accelerometer 
for 7 days, except during bathing and aquatic activities. In addition, 
participants were asked to keep a daily log of  the times they wore 
and took off  the activity devices during the 7 day period. During 
the seven days of  data collection, participants were asked to main-
tain their current levels of  physical activity and sleep schedules. 
The research staff  contacted the participants via phone calls and 
text messages to ensure that the accelerometers were worn properly 
and later retrieved monitors. Institutional Review Board approval 
was obtained from the Kaohsiung Medical University Chung-Ho 
Memorial Hospital, Sanmin District, Kaohsiung, Taiwan.

Measurements

Sedentary behavior and physical activity by the accelerometers: 
The duration of  sedentary behavior and physical activity were esti-
mated using the Actigraph GT3X monitors (Actigraph LLC, Pen-
sacola, FL, USA). The accelerometers were programmed to record 
in 1 minute epochs, and the data were processed using ActiLife® 
software (version 6.7.2). The periods during which the accelerom-
eters were not worn were defined as 60 minutes of  consecutive 
zero counts and were cross-validated by the participants’ self-re-
port logs. The mean minutes per day of  sedentary behavior (<100 
counts/min) and moderate-to-vigorous physical activity (MVPA; 
≥3 metabolic equivalents (METs))11,12 were calculated by summing 
the minutes spent daily on these activities and averaging across the 
7 days of  wear.

Sleep parameters by the accelerometers: The same wrist-worn 
Actigraph GT3X monitors were used to objectively measure noc-
turnal sleep and wakefulness. Sleep-wake times from participants’ 
diary logs were entered to calculate summary sleep estimates using 
ActiLife® software (version 6.7.2). Six sleep parameters of  noc-
turnal sleep were obtained from the accelerometer data, including 
sleep onset latency (the amount of  time it takes to fall asleep), time 
in bed (the duration of  laying in bed from the bedtime to wake-up 
time),13 sleep duration (the number of  1 minute epochs in a sleep 
episode that were scored as ‘sleep’, excluding any times that were 
scored as ‘wake’),13 wake after sleep onset (the duration of  wake 
time in a sleep episode after sleep has been initiated),14 number of  
awakenings (the total number of  awakenings during a sleep epi-
sode),13 and sleep efficiency [(number of  hours slept/number of  
hours spent in bed)×100=habitual sleep efficiency (%)].15 All sleep 
variables estimated by accelerometers were computed as the mean 
of  the 7 day accelerometer measurements.

Sleep quality: Sleep quality over the previous month was assessed 
using the 19-item validated Chinese version of  the Pittsburgh sleep 
quality index (PSQI).16,17 The PSQI items were categorized into 7 
components (subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of  sleep medica-
tion, and daytime dysfunction) graded on a score ranging from 
0 to 3 points. The global score was calculated by summing the 7 
component scores, providing a continuous measure of  sleep qual-
ity with high scores corresponding to poor sleep quality. A global 
score higher than 5 indicates a “poor sleeper”, whereas a global 
score lower than 5 represents a “good sleeper”.
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Daytime sleepiness: The validated Chinese version of  the Ep-
worth sleepiness scale18 was used to evaluate the degree of  sub-
jective daytime sleepiness. The scale asked the participants to rate 
how likely they were to fall asleep in different situations (e.g. sitting 
and reading, watching TV, in a car, while stopped for a few min-
utes in the traffic). The scale contained 8 items and each item was 
rated on a scale of  0 (would never doze) to 3 (high chance of  doz-
ing). The sum of  all items was used to denote the level of  daytime 
sleepiness; a higher score represented more daytime sleepiness. 
Participants were dichotomized into <11 (low risk for sleepiness) 
and ≥11 (high risk for sleepiness) groups based on the sum score.19

Body composition: Weight and height were measured to the near-
est 0.1 kg and 0.1 cm, respectively, using a beam medical scale and a 
wall-mounted stadiometer. The BMI was calculated as kg/m2. The 
percent body fat was measured using a bioelectric impedance ana-
lyzer (X-SCAN Plus-II, iCare Co., Ltd, Korea). The measurement 
was performed in a standing position with the participant barefoot 
and wearing light clothing.

Demographic information: A questionnaire was used to assess de-
mographic information such a sage (in years), sex, parental educa-
tion level (highest level of  mother or father), and average monthly 
allowance (in new Taiwanese dollars).

Statistical Analysis

Means and frequencies were calculated to describe the study sam-
ple. Data were assessed for normality using the Shapiro-Wilk tests. 
The relationships among sleep variables, sedentary behavior, and 
MPVA were examined using pearson correlation coefficients and 
partial correlation coefficients. Analysis of  covariance (ANCOVA) 
with post-hoc analysis least significant difference (LSD) analysis 
was conducted to compare sedentary behavior and MVPA by sleep 
duration group (≤6 hours, 6-7 hours, and ≥7 hours), sleep qual-
ity (good sleepers and poor sleepers), and daytime sleepiness (low 
risk for sleepiness and high risk for sleepiness). Covariates included 
in the partial correlation analysis and ANCOVA models included 
age, gender, percent body fat, highest parental education level, and 
monthly allowance. All analyses were conducted using statistical 
package for the social sciences (SPSS) version 18.0 (IBM Corp., 
Armonk, NY, USA). The priori significance level was set at p≤0.05.

RESULTS

Table 1 presents the demographic information of  the study sam-
ple. Of  the 131 college students who completed the screening 
visit, 7 students was excluded were excluded due to missing data. A 
total of  124 students (mean age=21.1±1.2 years; females: 78.2%) 
were included in the current study. The participants’ mean BMI 
was 22.1 kg/m2; 21% (n=26) was classified as obese (≥27 kg/m2)/
overweight (≥24 kg/m2), 64.5% (n=80) was classified as having 
normal weight, and 14.5% (n=18) was classified as underweight. 
The mean percent body fat was 18.8% among males and 24.2% 
among females. On average, participants spent 42.4 minutes in 
MVPA and 716.4 minutes in sedentary behavior. The mean sleep 
duration at night was 380.9 minutes and the mean sleep onset la-
tency was 9.5 minutes.

 Pearson correlations between sleep, sedentary behavior, 
and MVPA by measurement type are presented in Table 2. Based 
on the accelerometry data, sleep onset latency was inversely cor-
related with sedentary behavior (r=-0.19, p=0.03) and positively 
correlated with MVPA (r=0.45, p<0.001). Less time in bed was 
correlated with more time spent in sedentary behavior (r=-0.41, 
p<0.001). Sleep duration was negatively correlated with sedentary 
behavior (r=-0.34, p<0.001). The aforementioned significant cor-
relations remained significant after adjustment for age, gender, 
percent body fat, highest parental education level, and monthly 
allowance. Sedentary behavior and MVPA were not significantly 

Table 1. Demographic Characteristics

N (%) Mean SD

Age (year) 21.12 1.20

Gender

Female 97(78.2%)

Male 27(21.8%)

Percent Fat mass (%)

Female 24.2 5.3

Male 18.8 7.8

Weight Status 

Underweight (BMI<18.5 kg/m2) 18(14.5%)

Normalweight (BMI 18.5-24 kg/m2) 80(64.5%)

Overweight (BMI24-27 kg/m2) 12(9.7%)

Obese (BMI≥27 kg/m2) 14(11.3%)

Parental Education (Highest of mother or father)

Below high school 33(26.6%)

High school 68(54.8%)

College and above 23(18.6%)

Monthly Allowancea

≤4,999 NTD 41(33.1%)

5,000-9,999 NTD 71(57.2%)

≥10,000-14,999 NTD 12(9.7%)

Sedentary behavior (minutes/day) 716.4 107.6

MVPA (minutes/day) 42.4 27.3

Sleep Parameters by Accelerometers

Sleep onset latency (minutes) 9.5 8.5

Time in bed  (minutes) 479.8 59.3

Sleep duration  (minutes) 380.9 54.9

Wake after sleep onset (minutes) 89.4 38.5

Number of awakenings 4.7 2.1

Sleep efficiency (%) 79.4% 7.4%

Sleep Scales

Sleep quality scale 7.2 2.4

Daytime sleepiness scale 6.6 3.0

Abbreviations: BMI: Body mass index,SD: Standard deviation,
MVPA: Moderate-to-vigorous physical activity, NTD: New Taiwanese dollars. 
USD 1≈new Taiwanese dollars (NTD)30
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correlated with sleep quality or daytime sleepiness.  Table 3 shows the results of  the comparisons of  sleep 
variables, sedentary behavior, and MVPA. Daily sleep duration 
was associated with both sedentary behavior (p<0.001) and MVPA 
(p=0.03). When we further categorized sleep duration into three 
subgroups, adults with fewer than 6 hours of  sleep/day spent more 
time in sedentary behavior than those with 6-7 hours of  sleep/day 
(mean difference: 80.1 minutes/day, p<0.001) and those with more 
than 7 hours of  sleep/day (mean difference: 100.1 minutes/day, 
p<0.001). In addition, adults who slept 6-7 hours/day spent 17.9 
minutes/day more time in MVPA than those who had more than 
7 hours of  sleep/day (p=0.007). No significant differences were 
found between sleep quality, daytime sleepiness, sedentary behav-
ior and MVPA.

DISCUSSION

One major study finding is that as an individual’s sleep duration 
increases, he/she spends less time in sedentary behavior. In par-
ticular, individuals with fewer than 6 hours of  sleep had a higher 
level of  sedentary behavior, after adjusting for age, gender, per-
cent body fat, highest parental education level, and monthly allow-
ance. These results are consistent with those in previous literature. 
Based on the self-reported questionnaire data, higher amounts of  
sedentary time were found to be associated with higher odds of  
short sleep durations in postmenopausal women.20 One possible 
explanation for this association is that an increase in sedentary be-

Table 2. Pearson Correlations/Partial Correlations between Sleep and Physical Activity 
by Measurement Type

(a) Sleep and Physical Activity Data by Accelerometers

Sedentary Behavior MVPA

Pearson r Partial ra Pearson r Partial ra

Sleep Parameters

Sleep Onset Latency -0.19* -0.19* 0.45*** 0.43***

Time in Bed -0.41*** -0.43*** -0.12 -0.08

Sleep Duration -0.34*** -0.38*** -0.18 -0.15

Wake after Sleep Onset -0.10 -0.10 -0.03 -0.01

Number of Awakenings 0.03 0.03 -0.07 -0.02

Sleep Efficiency (%) 0.05 0.03 -0.12 -0.13

(b) Sleep and Physical Activity Data by Questionnaires

Sedentary Behavior MVPA

Pearson r Partial ra Pearson r Partial ra

Sleep Scales

Sleep Quality -0.07 -0.09 0.16 0.17

Daytime Sleepiness -0.02 0.02 0.08 0.09

Results were based on pearson correlation and partial correlation analyses. 
Abbreviations: MVPA: Moderate-to-vigorous physical activity
a. Parameters were adjusted for age, gender, percent body fat, highest parental educa-
tion level, and monthly allowance.
*p≤0.05;  ** p≤0.01; ***p≤0.001

Table 3. Comparisons of Physical Activityacross Sleep Variables

(a) Sleep and Physical Activity Data by Accelerometers

Sedentary Behavior MVPA

Mean (SD) p-valuea Post-Hoc 
Comparisonsb Mean (SD) p-valuea Post-Hoc 

Comparisonsb

Sleep Duration <0.001 “≤6 hours”>“6-7 hours”
“≤6 hours”>“≥7 hours” 0.03 “6-7 hours”>“≥7 hours”

≤6 hours (N=45) 771.03(97.44) 41.35(3.96)

6-7 hours (N=54) 690.89(99.68) 48.55(3.61)

≥7 hours (N=25) 670.10(107.98) 30.64(5.45)

(b) Sleep and Physical Activity Data by Questionnaires

Sedentary Behavior MVPA

Mean (SD) p-valuea Post-Hoc 
Comparisonsb Mean (SD) p-valuea Post-Hoc 

Comparisonsb

Sleep Quality 0.89 0.99

Good Sleepers (N=111) 716.41(114.00) 43.39(39.30)

Poor Sleepers (N=13) 716.12(107.86) 42.32(26.02)

Daytime Sleepiness 0.26 0.15

Low Risk for Sleepiness (N=72) 720.31(113.14) 41.39(26.61)

High Riskof Sleepiness (N=52) 716.15(107.98) 43.89(28.63)

Results were based on Analysis of covariance (ANCOVA) with post hoc analysis.
Abbreviations: SD: Standard deviation, MVPA: Moderate-to-vigorous physical activity
a. Parameters were adjusted for age, gender, percent body fat, highest parental education level, and monthly allowance.
b. Only significant findings were shown.
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havior is linked to an elevated risk of  depression,21,22 which often 
co-occurs with sleep problems such as insomnia and sleep distur-
bances.23,24 In contrast, another study demonstrated that more sed-
entary time is associated with both short and long sleep durations 
among adults.22 There appeared to be an inverse dose-response 
relationship between sleep duration and sedentary time in our 
study sample. Particularly, as the sleep duration decreased, more 
time spent in sedentary activities was recorded. It is alarming that 
the difference in sedentary time between those who slept fewer 
than 6 hours and those with 6-7 hours of  sleep or more than 7 
hours of  sleep was approximately 80-100 minutes per day. Consid-
ering that sedentary behavior is widely recognized as a risk factor 
for developing obesity, cardiovascular disease, type 2 diabetes, and 
metabolic syndrome,25,26 our findings highlight that improvements 
in sleep may be an alternative strategy for reducing the amount of  
time spent in sedentary behavior for young adults.

 Sleep onset latency is the elapsed time between being 
fully awake and the beginning of  sleep. The current study is one 
of  the few studies that explored the association between sleep and 
onset latency. Two studies have shown that longer screen time not 
sitting time is related to a higher risk of  long sleep latency.27,28 The 
current study did not measure screen time and sitting time; instead, 
the total time spent in sedentary activities with small amounts of  
body movement was recorded by the accelerometers. We found 
that prolonged sedentary behavior is correlated with a shorter 
sleep onset latency while more time in MVPA is correlated with 
a longer sleep onset latency. It has been suggested that individuals 
with poor sleep spend a longer period of  time being sedentary, as 
they feel a higher degree of  fatigue.29-31 It is likely that adults with 
more sedentary time feel a higher degree of  tiredness and feel less 
restful during the day; as a result, they fall asleep quickly at night 
and have a shorter sleep latency. According to a review,5 the ef-
fects of  physical activity on sleep, regular exercise training showed 
beneficial effects on sleep onset latency (i.e., a shorter sleep onset 
latency). The observed positive correlation between MVPA and 
sleep onset latency does not necessarily imply that physical activity 
leads to an unfavorable sleep latency. We would like to note that 
the average time an individual took to fall asleep was 9 minutes 
among study participants, which is not considered a long period. 
Perhaps, when an individual spent more time in MVPA, they felt 
more energetic and did not fall asleep right away when they laid 
on the bed. In addition, prior studies did not investigate the roles 
that intensity, duration, and timing (24 hour clock time of  physical 
activity)32 of  physical activity play in sleep onset latency. Future re-
search is needed to understand whether the influences of  physical 
activity and sleep latency differ by intensity, amount, and timing of  
physical activity.

 Our findings that sedentary behavior was not signifi-
cantly correlated with perceived daytime sleepiness are congruent 
with findings of  a recent systematic review on sleep and seden-
tary behavior. Based on the meta-analysis of  sixteen studies,10 it 
was concluded that daytime sleepiness was not significantly asso-
ciated with sedentary behavior. In contrast to prior literature in 
which more time spent performing sedentary activities was found 

to be related to poor self-reported sleep quality,33 we did not find 
a correlation between sedentary behavior and self-reported sleep 
quality. The inconsistency may reflect the differences in measuring 
sedentary behavior. Kakinami et al33 assessed sedentary behavior 
using the self-reported time spent watching TV and using comput-
ers while we estimated the total duration of  sedentary behavior 
based on accelerometers, which captured the time spent in low 
energy expenditure activities throughout the day. It has been noted 
that light-emitting diode (LED)-backlit screen exposure can cause 
sleep disturbances by delaying the biological clock and suppress-
ing the release of  the sleep-inducing hormone melatonin.34 The 
non-significant relationships between sleep quality and sedentary 
behavior observed in the present study may be due to the fact that 
we included a more general estimate of  sedentary time. Additional 
research should examine whether the associations between sleep 
and sedentary behavior differ by the type of  sedentary activity.

STRENGTHS AND LIMITATIONS

The main strength of  the study is the inclusion of  both subjec-
tive and objective measures of  sleep. A combination of  both ap-
proaches would enrich understanding of  sleep behaviors. In addi-
tion, socioeconomic status factors known to influence sleep and 
activity levels were assessed and included as covariates to minimize 
possible confounding effects. This study has some limitations. 
First, the small sample size and the cross-sectional nature of  the 
study impeded the generalizability of  the findings and causal as-
sociations. Second, our data did not allow us to study the mecha-
nisms associated with sleep, sedentary behavior, and physical activ-
ity. Third, only college students were included in the study and the 
findings may not be generalizable to other age groups as there may 
be age-related differences in sleep patterns and activity levels.35 
More studies are needed to identify whether or not the observed 
associations vary by age groups.

CONCLUSION

In conclusion, the study aids in identifying the cross-sectional re-
lationships between sleep, sedentary behavior, and physical activ-
ity. Our findings imply that short sleep durations are associated 
with higher amounts of  sedentary time in young adults. Promoting 
interventions that aim to reduce sedentary behavior may be an ef-
fective approach to enhance sleep for college students in Taiwan. 
School health education programs on healthy sleep duration are 
needed to reduce sedentary time for college students. Longitudinal 
studies with larger sample sizes are needed to clarify the causal 
inferences on sleep, sedentary behavior, and physical activity. Fur-
thermore, future investigations are warranted to determine the po-
tential moderators or mediators of  the relationships between sleep 
and activity levels.
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