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,QWURGXFWLRQ
The worldwide prevalence of type 2 diabetes mellitus 
(T2DM) is rising rapidly. Global prevalence of diabetes in 
�����ZDV�����PLOOLRQ��ZKLFK� LV� HVWLPDWHG� WR�EH� WKH������
of adult population; the number of people with diabetes 
ZLOO� LQFUHDVH� E\� ���� E\� ������0RUHRYHU� ���� RI� SHRSOH�
with diabetes live in low- and middle-income countries. 
The greatest number of people with diabetes are between 
��� WR� ��� \HDUV� RI� DJH�� ���� PLOOLRQ� SHRSOH� �!����� ZLWK�
diabetes are undiagnosed.1 The ODWHVW� ¿JXUHV� SURYLGH� D�
worrying indication of the future impact of diabetes as a 
major threat to global development. The principal driver 
for this increase is thought to be the worldwide rise in the 
prevalence of obesity, combined with ageing populations 
and a trend toward urbanization. The simultaneous rise in 
these two diseases has resulted in a new term, “diabesity” 
to describe individuals who have obesity and T2DM.2 The 

health impact of diabesity is substantial to include long-
term diabetic complications, reduction in health-related 
functioning, reduction of quality of life, and reduced 
overall life expectancy. Long-term complications include 
coronary artery disease, cerebrovascular stroke, retinopathy, 
neuropathy, and end-stage renal disease. There is also an 
association between hypertension, osteoarthritis, certein 
cancers, chronic stress, depression, and sleeping troubles to 
both diabetes and obesity. This century is the unprecedented 
diabetogenic era in human history. It is thus urgent to 
take steps including screening, prevention, and early 
management in an attempt to control this evolving epidemic 
RI� GLDEHVLW\�� 2EHVLW\� FDQ� EH� VHHQ� DV� WKH� ¿UVW� ZDYH� RI� D�
GH¿QHG�FOXVWHU�RI�QRQFRPPXQLFDEOH�GLVHDVHV�FDOOHG�³1HZ�
World Syndrome,” creating an enormous socioeconomic 
and public health burden in poorer countries. The World 
Health Organization (WHO) has described obesity as one 

$EVWUDFW��7KH�JOREDO�HSLGHPLF�RI�REHVLW\�LV�WKH�PDMRU�FRQWULEXWLQJ�IDFWRU�IRU�LQFUHDVLQJ�SUHYDOHQFH�RI�W\SH���
GLDEHWHV��7�'0���7KH�QHZ�WHUP��³GLDEHVLW\´�LV�WR�GHVFULEH�LQGLYLGXDOV�ZKR�KDYH�REHVLW\�DQG�7�'0��'XH�WR�
UDSLG�XUEDQL]DWLRQ��JOREDOL]DWLRQ��LQGXVWULDOL]DWLRQ��DQG�LQFUHDVLQJ�OLIH�H[SHFWDQF\��XUEDQ�DV�ZHOO�DV�UXUDO�
,QGLD� LV�DOVR�IDFLQJ�WKLV�FKDOOHQJH�RI�GLDEHVLW\��3HRSOH�ZLWK�GLDEHVLW\�DUH�PRUH�SURQH�WR�KDYH�DVVRFLDWHG�
PHWDEROLF�V\QGURPH��ZKLFK�LQ�WXUQ�LV�D�ULVN�IDFWRU�IRU�DWKHURVFOHURWLF�GLVHDVHV��0DQDJHPHQW�RI�REHVH�SHRSOH�
ZLWK�GLDEHWHV�LV�D�ELJ�FKDOOHQJH�IRU�DQ\�FOLQLFLDQ��&RQYHQWLRQDO�DQWLK\SHUJO\FHPLF�GUXJV�LQFOXGH�LQVXOLQ��
LQVXOLQ� VHQVLWL]HUV� �H�J���7='V��� LQVXOLQ� VHFUHWDJRJXHV� �H�J��� VXOSKRQ\OXUHDV��� DQG�PRGXODWRUV�RI�KHSDWLF�
JOXFRVH�SURGXFWLRQ��PHWIRUPLQ���$OO�WKHVH�GUXJV��H[FHSW�PHWIRUPLQ��PD\�FDXVH�K\SRJO\FHPLD�DQG�ZHLJKW�
JDLQ��3UHVHQWO\��PHWIRUPLQ��LQFUHWLQ�PLPHWLFV��*/3��UHFHSWRU�DJRQLVWV�DQG�'33��LQKLELWRUV���DQG�6*/7��
LQKLELWRUV� DUH� FRQVLGHUHG� WR� EH� WKH� EHVW� DYDLODEOH� RSWLRQV� IRU� WUHDWPHQW� RI� SHRSOH�ZLWK� GLDEHVLW\�� 7KHUH�
DUH�QHZHU�H[FLWLQJ�WKHUDSLHV�LQ�UHVHDUFK��WDUJHWLQJ�SULQFLSDO�SDWKRSK\VLRORJ\�RI�GLDEHVLW\��2UDO�DQWLREHVLW\�
GUXJ��RUOLVWDW��PD\�VHUYH�DV�DQ�DGG�RQ�RSWLRQ�WR�RWKHU�RUDO�DQWLGLDEHWLF�GUXJV��ZKLOH�EDULDWULF�VXUJHU\�IRU�
PRUELGO\�REHVH�GLDEHWLF�LV�JUDGXDOO\�EHFRPLQJ�PRUH�DFFHSWDEOH�
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of today’s most neglected public health problems, affecting 
every region of the globe.

The term “diabesity” was famously coined by Sims and 
colleagues in the 1970s, to highlight the close relationship 
between T2DM and obesity. His team demonstrated that 
young men with no family history of diabetes when overfed 
for 6 months underwent a BMI increase to 28.0  kg/m2, 
alongside reversible rises in levels of fasting insulin, glucose, 
and triglycerides, and impaired glucose tolerance (IGT). 
Around 90% of T2DM patients have a BMI greater than 
23.0 kg/m2, the risk of diabetes being greatly increased by a 
family history of diabetes or gestational diabetes, and early 
weight gain,3 especially in childhood. Obese individuals 
may be victims of inadequate screening, denying the chance 
of crucial early treatment; they may be left to languish at 
suboptimal HbA1c. They may be prescribed drugs which 
induce weight gain, while already being obese. Vulnerable 
individuals may be given drugs which induce hypoglycemia4 
and ultimately they may be converted to insulin before 
preferable alternatives have been explored. There have been 
many recent advances in both the fields of diabetes and 
obesity and it is important for clinicians to be aware of and 
familiar with newer interventions in both areas. 

%XUGHQ�RI�'LDEHWHV�DQG�'LDEHVLW\�LQ�,QGLD�
&ORVH�WR�RQH�¿IWK�RI�DOO�DGXOWV�ZLWK�GLDEHWHV�LQ�WKH�ZRUOG�OLYH�
in the South-East Asia Region. Current estimates of 2013 
LQGLFDWH�WKDW������RI�DGXOW�SRSXODWLRQ��RU������PLOOLRQ�SHRSOH��
have diabetes, 65.1 million of whom live in India. A further 
24.3 million people have IGT in 2013, and this will increase 
WR������PLOOLRQ�E\�������7KH�HVWLPDWHG�LQFUHDVH�LQ�UHJLRQDO�
diabetes prevalence to 10.1% in 2035 is a consequence of 
rapid urbanization, globalization, industrialization, and 
increasing life expectancy in India (the proportion of the 
population over 50 years is expected to increase from 16% 
to 23% from 2013 to 2035).1

In a recently published data, obesity in urban DM population 
was observed to be 78%. But contrary to normal belief of less 
obesity in rural population because of healthy lifestyle of more 
strenuous work and simple, healthy, and nutritious food, the 
same dangerous trend of increasing obesity was observed 
in rural population of Vadodara district of Gujarat; 61.3% 
of rural DM patients were obese. Surprisingly, more female 
diabetic patients (84%) were found to be obese than male 
diabetic patients (58%). So doing routine household work by 
female diabetics for whole day may not be enough for control 
of obesity. Author emphasized on use of parameters based on 
Modified ATP III criteria for South Asian population (BMI 
> 23, WC M >90 cm, F > 80cm) to provide primordial and 
primary comprehensive care (both lifestyle modification and 
medication if required) to patients of diabesity.5

In India according to the National Family Health Survey 
(NFHS), the percentage of ever-married women aged  

15–49  years who are overweight or obese increased from 
11% in NFHS-2 to 15% in NFHS-3. The percentage of 
women who are overweight or obese is highest in Punjab 
(30%), followed by Kerala (28%), and Delhi (26%), all of 
which are relatively richer states.6,7

'LDEHVLW\�DQG�0HWDEROLF�6\QGURPH
The formal description of the metabolic syndrome, 
which links abdominal obesity and other cardiometabolic 
risk factors, was made by Gerald Reaven, the Emeritus 
Professor of Medicine at Stanford, in his American 
'LDEHWHV� $VVRFLDWLRQ� %DQWLQJ� OHFWXUH� LQ� ������ +H�
described the method by which adipose tissue, skeletal 
muscle, and liver become resistant to the effects of insulin, 
the subsequent hyperglycemic drive, and compensatory 
hyperinsulinemia. Eventually amidst increasing demands 
IRU� LQVXOLQ�� ȕ�FHOO� IDLOXUH� RFFXUV�� EORRG� JOXFRVH� ULVHV�
unchallenged, and T2DM develops. Other organs of 
the body, such as the ovaries, kidneys, and brain, react 
badly to raised insulin levels, described by Reaven as 
“innocent bystanders” of the hyperinsulinemic state.� 
The International Diabetes Federation have stated that 
“with the metabolic syndrome driving the twin global 
epidemics of T2DM and CVD there is an overwhelming 
moral, medical and economic imperative to identify those 
individuals with metabolic syndrome early, so that lifestyle 
interventions and treatment may prevent the development 
RI�'0�DQG�RU�FDUGLRYDVFXODU�GLVHDVH�´9 Diabetes, obesity, 
hypertension, and dyslipidemia are the components 
of “metabolic syndrome.” Increased predisposition to 
diabetes and premature CAD in Indians has been attributed 
to the “Asian Indian phenotype” characterized by less of 
JHQHUDOL]HG�REHVLW\�PHDVXUHG�E\�ERG\�PDVV�LQGH[��%0,��
and greater central body obesity as shown by greater waist 
circumference (WC) and waist-to-hip ratio (WHR). In a 
hospital-based study from India among 1340 subjects, 
PHWDEROLF� V\QGURPH� LGHQWL¿HG� E\� 1&(3� GLDJQRVWLF�
criteria (where WC is nonobligatory criteria) was found 
to be 32.5%.10� 0DQ\� ,QGLDQV� ¿W� LQWR� WKH� FDWHJRU\� RI�
metabolically obese, normal weight individuals. Despite 
KDYLQJ� OHDQ� %0,� DQ� DGXOW� ,QGLDQ� KDV� PRUH� FKDQFHV� RI�
having abdominal obesity.11 The body fat percentage of an 
,QGLDQ� LV� VLJQL¿FDQWO\� KLJKHU� WKDQ� D� ZHVWHUQ� FRXQWHUSDUW�
ZLWK� VLPLODU� %0,� DQG� EORRG� JOXFRVH� OHYHO�� ,W� KDV� EHHQ�
hypothesized that excess body fat and low muscle mass 
may explain the high prevalence of hyperinsulinemia and 
the high risk of T2DM in Asian Indians.12,13 Only 12% of the 
general population is aware of the risk factors of diabetes. 
Even among those with established diabetes, only 40.6% 
were aware that it could result in organ damage. Even in 
tertiary care centers, poor glucose control was observed 
in half of the patients highlighting poor management of 
individuals with diabetes.14,15



6  |  J C D  |  V O L  1  |  N O .  2  |  J U L - S E P  2 0 1 4

JOURNAL OF CLINICAL DIABETOLOGY 
$Q�2I¿FLDO�3XEOLFDWLRQ�RI�WKH�$VVRFLDWLRQ�RI�&OLQLFDO�'LDEHWRORJ\

&KURQLF�6WUHVV�DQG�'LDEHVLW\
Recent studies by Gastaldi et al. in 2009 showed a 
VLJQL¿FDQW�FRQWULEXWLRQ�RI�FKURQLF�VWUHVV�WR�WKH�GHYHORSPHQW�
of diabesity, through activation of the autonomic, 
QHXURHQGRFULQH�� LQÀDPPDWRU\�� DQG� LPPXQRORJLF�
systems.16,17 It is thought that chronic psychological stress 
which characterizes the modern western daily life can 
in fact activate the hypothalamic-pituitary-adrenal axis 
to disturb the physiologic anabolic–catabolic hormonal 
balance, with downstream effect of increased visceral fat 
and insulin resistance.17 Chronic stress is suggested to result 
in heightened neuroendocrine response with ensuing risk of 
developing prediabetes and cardiovascular diseases (CVD). 
7KXV�� WDUJHWLQJ� PRGL¿DEOH� ULVN� IDFWRUV� LQFOXGLQJ� VWUHVV�
management should be a cornerstone in therapy.17

'HSUHVVLRQ�DQG�'LDEHVLW\
A recent case control study�� conducted in 2010 on 296 
newly diagnosed T2DM patients, who were matched on age 
and sex with 296 controls, has shown that mild depression 
LV� ����� WLPHV�ZKLOH�PRGHUDWH� WR� VHYHUH�GHSUHVVLRQ� LV� �����
times more common among diabetics versus controls. 
'HSUHVVLRQ�ZDV�DOVR�DVVRFLDWHG�ZLWK�WKRVH�ZLWK�KLJK�%0,��� 
Thus, it is suggested to begin screening for depression at an 
early stage with newly diagnosed diabetics.�� This is further 
supported by previous literature showing up to three times 
higher risk of developing depression among diabetics in 
contrast to nondiabetics. Another meta-analysis for over 15 
longitudinal studies (n� ���������LGHQWL¿HG�D�GLUHFW�UHFLSURFDO�
link between obesity and depression that is most evident in 
clinically diagnosed depression. Similarly having clinically 
diagnosed depression was predictive of developing obesity 
and overweight.19

6OHHS�'HSULYDWLRQ�DQG�'LDEHVLW\
Sleep curtailment has become a common behavior in 
modern society. The current laboratory evidence indicates 
that sleep loss may contribute to the pathophysiology of 
diabetes mellitus and obesity. Experimentally induced 
sleep loss in healthy volunteers decreases insulin sensitivity 
ZLWKRXW�DGHTXDWH�FRPSHQVDWLRQ�LQ�ȕ�FHOO�IXQFWLRQ��UHVXOWLQJ�
in IGT and increased diabetes risk. Lack of sleep also 
downregulates the satiety hormone leptin, upregulates the 
appetite-stimulating hormone ghrelin, and increases hunger 
and food intake. Taken together with the epidemiologic 
evidence for an association between short sleep and the 
SUHYDOHQFH�RU�LQFLGHQFH�RI�GLDEHWHV�PHOOLWXV�DQG�RU�REHVLW\��
these results support a role for reduced sleep duration in the 
current epidemic of these metabolic disorders. Screening 
for habitual sleep patterns in patients with “diabesity” is 
therefore of great importance. Studies are warranted to 
investigate the putative therapeutic impact of extending 
sleep in habitual short sleepers with metabolic disorders.20

3DWKRSK\VLRORJ\
Fundamentally, obesity results from an imbalance between 
energy intake and energy expenditure. While a sedentary 
lifestyle coupled with excessive food consumption are 
regarded as chief causes of obesity, there are other less 
common risk factors, including hypothyroidism, Cushing’s 
syndrome and abnormalities in leptin action and regulation 
and in the MCR4 receptor.21 Individuals may have a 
genetic predisposition for obesity, as evidenced by studies 
GHVFULELQJ� SRO\PRUSKLVPV� LQ� WKH� ȕ��DGUHQHUJLF� UHFHSWRU�
in Pima Indians and other populations.22 The “thrifty” 
genotype hypothesis speculates that a need for increased 
PHWDEROLF� HI¿FLHQF\� DQG� IDW� VWRUDJH� GXULQJ� ÀXFWXDWLRQV�
between feast and famine in the Paleolithic period may have 
resulted in a genetic predisposition to obesity and diabetes 
in populations newly introduced to western diets of calorie-
dense foods. The same populations, in recent decades, have 
also demonstrated a marked decrease in daily physical 
activity.23 

$GLSRVLW\��/LSRWR[LFLW\��DQG�7�'0
Increased levels of adiposity, particularly visceral 
adiposity, have been associated with insulin resistance 
DQG� GHYHORSPHQW� RU� ZRUVHQLQJ� RI� 7�'0�� 7KH� RYHUÀRZ�
hypothesis posits that, as the capacity of adipocytes to 
VWRUH� IDW� LV� H[FHHGHG�� OLSLGV� RYHUÀRZ� LQWR� RWKHU� WLVVXHV��
particularly the liver and muscle.24 Increasing levels of 
HFWRSLF�OLSLG�LQ¿OWUDWLRQ�FRUUHODWH�ZLWK�LQVXOLQ�UHVLVWDQFH�DQG�
increase risk of T2DM. Elevated free fatty acid levels, and 
the conversion of free fatty acids to long chain acyl CoA 
derivatives, result in reduced insulin signaling and glucose 
transport, as well as further insulin resistance in liver and 
muscle.25 These free fatty acid–stimulated changes lead 
to a condition known as “ipotoxicity,” and the resulting 
R[LGDWLYH�VWUHVV�PD\�EH�D�IDFWRU�LQ�WKH�GHFOLQH�LQ�ȕ�FHOO�PDVV�
associated with the pathogenesis and pathophysiology of 
T2DM.24 Obesity-associated changes in circulating leptin 
and cytokine levels have also been shown to contribute to 
ȕ�FHOO�GHVWUXFWLRQ��$GLSRQHFWLQ��DQ�DGLSRF\WRNLQH�DVVRFLDWHG�
with insulin sensitization and vascular protection, is present 
in reduced plasma concentrations in both the obese and the 
insulin resistants.26 Elevated levels of circulating resistin 
KDYH�EHHQ�FRUUHODWHG�ZLWK�DGLSRVLW\��LQÀDPPDWRU\�PDUNHUV��
and increased risk for T2DM.27 

&RQYHQWLRQDO�$QWLGLDEHWLF�7KHUDSHXWLFV��
,PSDFW�RQ�:HLJKW
Conventional antidiabetic treatments include insulin, 
insulin sensitizers (e.g., TZDs), insulin secretagogues 
(e.g., sulphonylureas), and modulators of hepatic glucose 
production (metformin). Metformin, a biguinide and 
commonly recommended as initial pharmacotherapy in 
T2DM, inhibits hepatic gluconeogenesis while increasing 
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tissue sensitivity to insulin-mediated glucose transport. 
Sulphonylureas (SU) are glucose-independent insulin 
VHFUHWDJRJXHV�ZKLFK�ELQG�WR�WKH�68�UHFHSWRU�RQ�WKH�ȕ�FHOO�
thereby stimulating insulin release. Modulation of the 
SHUR[LVRPH� SUROLIHUDWRU� DFWLYDWHG� UHFHSWRU�Ȗ� E\� 7='V�
(e.g., pioglitazone) results in the transcription of a number 
of genes involved in glucose and lipid utilization. The 
result is improved insulin sensitivity of adipose, liver, and 
muscle tissue.���While each of these classes of agents can be 
effective initially in controlling hyperglycemia and lowering 
glycated hemoglobin (HbA1c�� E\� ���±������ WKHLU� HI¿FDF\�
progressively attenuates as insulin resistance increases and 
ȕ�FHOO� IXQFWLRQ� GHFOLQHV�29,30 Weight gain, hypoglycemia, 
and other treatment-associated adverse effects can also 
XQGHUPLQH� WKHUDSHXWLF� EHQH¿WV�� ,Q� SDUWLFXODU�� ZHLJKW� JDLQ�
is problematic for people with T2DM, as even a modest 
increase in weight can increase insulin resistance.

The problem of weight gain for people undergoing 
treatment with insulin therapy is well recognized. The 
UKPDS found that individuals began gaining weight soon 
after the initiation of insulin therapy.31 Weight gain can be 
a psychological barrier to pharmacotherapy, as suggested 
by the Diabetes Attitudes, Wishes, and Needs study, which 
found that more than 50% of people with T2DM were worried 
about starting insulin because of concerns about weight gain 
and that 33% of physicians postpone insulin treatment until 
it is absolutely essential.32 So-called “defensive snacking,” 
because of the perceived risk of hypoglycemia, may be 
responsible for weight gain during insulin therapy; other 
possible reasons include a reduction in the metabolic rate 
because of decreased glucose output and caloric retention 
stemming from reduced urinary excretion of glucose 
coupled with a reduction in energy expenditure.32

Clinical trial data suggest that weight gain associated with 
insulin therapy may vary according to formulation; newer 
basal insulin analogues, for example, may exhibit somewhat 
less weight gain than NPH. Since these trials were not blinded 
and not specifically geared toward examining effects on 
weight, the clinical significance of the observed differences 
cannot be established. A 24-week study of 476 people with 
T2DM titrated to twice daily insulin detemir versus NPH 
insulin reported a mean weight increase of 1.2 kg for insulin 
detemir versus a mean weight increase of 2.8 kg for NPH. 
Adjustment for change in HbA1c did not affect the finding.33 

7UHDWPHQW�RI�&RPRUELG�6WDWHV��,PSDFW�RQ�
:HLJKW
Treatment of comorbid hypertension may confound 
antidiabetic treatment. Siegel and Swislocki have suggested 
an association between thiazide diuretic therapy for 
hypertension and weight gain and glucose dysregulation, 
including elevated levels of fasting plasma glucose.34 
ȕ�%ORFNHU� WKHUDS\� KDV� EHHQ� DVVRFLDWHG� ZLWK� ZHLJKW� JDLQ��

although the effect may be relatively small. A meta-analysis 
RI�ȕ�EORFNHU�XVH�LQ�K\SHUWHQVLRQ�UHSRUWHG�D�ZHLJKW�JDLQ�RI�
between 1.0 and 3.5 kg. Antidepressant agents, particularly 
tricyclics, are also associated with weight gain.35,36 

3KDUPDFRORJLFDO�7KHUDSLHV�IRU�'LDEHVLW\

0HWIRUPLQ
The ability of metformin, a bigunide, to stabilize body 
weight and even assist in weight reduction is now well 
documented, and is a major advantage of this antidiabetic 
medication. Metformin reduces hyperinsulinemia and its 
proinsulin precursors in T2DM and in prediabetics.37 A 
recent study revealed that metformin promotes a prolonged 
postprandial fall in the plasma levels of the gut hormone 
ghrelin. This hormone stimulates food intake and encourages 
adiposity, and the metformin effect of lowering the levels of 
this orexigenic peptide helps extend the inter-meal interval, 
discourages “snacking,” and diminishes the total daily energy 
intake, thus promoting weight loss.�� Also, it is now clear 
that metformin raises the circulating levels of adiponectin, 
D� EHQH¿FLDO� DGLSRF\WRNLQH� WKDW� FRXQWHUV� PDQ\� RI� WKH�
PHWDEROLF��LQÀDPPDWRU\��DQG�FDUGLRYDVFXODU�G\VUHJXODWLRQV�
that occur in obesity and diabetes mellitus, and which helps 
to control weight. There is a plethora of evidence supporting 
WKH�EHQH¿FLDO�UROH�RI�PHWIRUPLQ�LQ�WKH�PDQDJHPHQW�RI�WKH�
adverse cardiovascular and metabolic repercussions of 
dysglycemia and obesity, and likewise in the polycystic 
RYDU\�V\QGURPH�DQG�HYHQ�VRPH�FDQFHUV��0HWIRUPLQ�EHQH¿WV�
WKH�HI¿FDF\�RI�WKH�RWKHU�DQWLGLDEHWLF�PHGLFDWLRQV�DQG�KHOSV�
reduce adverse effects, especially weight gain. Metformin 
VKRXOG� DOVR� EH� FRQVLGHUHG� IRU� WKH� EHQH¿WV� LW�PD\� SURYLGH�
in the management of drug-induced insulin resistance from 
medications such as the antipsychotics, antidepressants, 
and several of the antiretroviral agents. Its role in the 
management of overweight and obesity in all age groups 
is receiving much attention and early advocacy. Metformin 
has more than overcome of its age. With the present and 
growing pandemic of overweight, obesity, diabetes mellitus, 
and diabesity, this underutilized and inexpensive medication 
has much to offer clinicians and patients alike in their quest 
for better health.39

*OXFDJRQ�OLNH�3HSWLGH��*/3����5HFHSWRU�
$JRQLVWV
GLP-1 is a 29-amino acid polypeptide that is secreted 
from the L-cells of the distal gut as a cleavage product of 
proglucagon. It is released into the circulation after a meal 
and has various physiological effects, including an increase 
in insulin secretion, suppression of glucagon secretion, a 
delay in gastric emptying, and appetite suppression. GLP-
1 and gastric inhibitory peptide (GIP) are responsible for 
the incretin effect, that is, the enhanced secretion of insulin 
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in response to oral administration of glucose compared 
with intravenous administration of glucose. In addition to 
improving glycemic control, GLP-1 is also known to have 
EHQH¿FLDO� FDUGLDF� DQG� QHXURORJLFDO� HIIHFWV�40 The major 
limitation with using native sequence GLP-1 in the treatment 
of diabetes is its short half-life because it is rapidly degraded 
by the peptidase dipeptidyl peptidase-IV (DPP4). Hence, 
DPP4-resistant GLP-1 receptor agonists were developed to 
surmount this problem.

([HQDWLGH
([HQGLQ���� H[HQDWLGH� LV� D� SHSWLGH� ¿UVW� GLVFRYHUHG� LQ� WKH�
saliva of the Gila monster lizard. It has 53% homology with 
human GLP-1. Exenatide (5 or 10 mg, s.c.) is administered 
twice a day within 1 h of a meal. Addition of exenatide to 
a combination of metformin and a sulfonylurea was shown 
WR� FDXVH� D� VLJQL¿FDQW� LPSURYHPHQW� LQ� KHPRJORELQ� $1c 
(HbA1c��OHYHOV�RI������UHODWLYH�WR�D�GHWHULRUDWLRQ�RI�������
in placebo patients at 30 weeks.41 Subjects on exenatide 
DOVR� EHQH¿WHG� IURP�ZHLJKW� ORVV� RI� ���� NJ��$QRWKHU� VWXG\�
looking at the addition of exenatide to a thiazolidinedione 
�ZLWK� PHWIRUPLQ�� GHPRQVWUDWHG� LPSURYHPHQWV� RI� ������
in HbA1c and 1.51 kg in weight loss after 16 weeks.42 One 
study assessing the long-term effects of exenatide showed 
that the improvements in HbA1c and weight loss are durable 
for 3 years.43 In addition to its effect on diabetic control and 
weight loss, exenatide was shown to induce improvements 
in lipid levels and control of blood pressure.44,45�7KH�EHQH¿W�
of exenatide on hypertension could be due to its natriuretic 
HIIHFWV��2QH� IXUWKHU�EHQH¿FLDO� HIIHFW� RI� H[HQDWLGH� WKDW� KDV�
been demonstrated in preclinical trials is an increase in 
ȕ�FHOO� PDVV� ZLWKLQ� WKH� SDQFUHDV� RI� UDWV�� EXW� ZKHWKHU� WKLV�
happens in humans is not known.46 The most common side 
effects experienced by patients on exenatide are nausea 
and vomiting. In various studies, 33–57% of patients 
experienced nausea, but only 5–16% of patients stopped 
therapy.41,42, 7KH�QDXVHD�LV�PRVW�FRPPRQ�LQ�WKH�¿UVW�ZHHNV�
of starting exenatide and gradually decreases with time.

/LUDJOXWLGH
The second GLP-1 receptor agonist marketed is liraglutide 
(Novo Nordisk). Liraglutide shares 97% homology with 
HQGRJHQRXV� */3���� DQG� LV� PRGL¿HG� E\� DQ� DPLQR� DFLG�
substitution (K34R) to allow the linkage of a palmitate fatty 
acid group via a g–glutamic acid spacer. The palmitate group 
binds to albumin, which increases the half-life of liraglutide 
to 13 h while retaining activity at the GLP-1 receptor. Similar 
to exenatide, it is administered by subcutaneous injection, 
but it has the advantage of once-daily dosing (0.6, 1.2, or 
����PJ���2QH�KHDG�WR�KHDG�WULDO��IXQGHG�E\�1RYR�1RUGLVN��
FRPSDUHG� D� ����PJ� GRVH� RI� OLUDJOXWLGH� ZLWK� H[HQDWLGH�
10 mg twice a day. Over a 26-week period, there was a 
VLPLODU�SUR¿OH�RI�VLGH�HIIHFWV�DQG�UHGXFWLRQ�LQ�ZHLJKW�ORVV��

3DWLHQWV�RQ�OLUDJOXWLGH�H[SHULHQFHG�D�VLJQL¿FDQWO\�HQKDQFHG�
reduction in HbA1c relative to exenatide (1.12% vs. 0.79%). 
,Q�DGGLWLRQ��WKHUH�ZDV�D�PLQRU��EXW�VLJQL¿FDQW��UHGXFWLRQ�LQ�
the prevalence of nausea in patients on liraglutide (74.9% 
UHODWLYH� WR� ������ RQ� H[HQDWLGH��47 There are concerns 
regarding the possibility of medullary thyroid carcinoma 
with liraglutide because rodent studies have demonstrated 
dose-dependent changes in thyroid C-cells (ranging from 
focal hyperplasia to malignant transformation). This appears 
to be owing to a direct effect of liraglutide activating the 
proliferation of C-cells. It is unclear if this might be due 
to an increased sensitivity of rodents to developing these 
tumors or because the doses of liraglutide used were much 
higher (plasma levels eightfold greater) than those used 
in humans. The Food and Drug Administration (FDA) in 
the USA issued a “black box warning” for liraglutide and 
established a cancer registry to monitor the incidence of 
medullary thyroid cancer in users over the next 15 years.��

'33��,QKLELWRUV
An alternative strategy to using GLP-1 receptor agonists 
is to prevent the degradation of endogenous GLP-1 via 
'33��LQKLELWRUV��7KH�¿UVW�'33��LQKLELWRU��JOLSWLQ��PDUNHWHG�
was sitagliptin (Merck) in 2007, which was followed by 
YLOGDJOLSWLQ� �1RYDUWLV�� LQ� ������ VD[DJOLSWLQ� �E\� %06��
LQ� ������ DQG� OLQDJOLSWLQ� �E\� %,�� LQ� ������ 8QOLNH� */3���
analogues, these are oral treatments, and have therefore 
found favor in clinical practice in combination with other 
oral treatments. DPP4 inhibitors do not cause weight 
loss but instead are “weight neutral.” This is considered 
advantageous compared with the thiazolidinediones or 
sulfonylureas (which cause weight gain). All DPP-4 
inhibitors increase active endogenous GLP-1 and GLP to 
more modest physiological concentrations. They do not 
delay gastric emptying. A Cochrane systematic review 
analyzed 25 studies assessing sitagliptin or vildagliptin and 
found that these drugs caused a reduction in HbA1c by 0.7% 
and 0.6%, respectively, relative to placebo. There were no 
episodes of severe hypoglycemia experienced by subjects 
using either type of gliptin, in contrast to those using 
sulfonylureas.49

DPP-4 inhibitors could be an alternative therapeutic 
option only in patients who cannot tolerate metformin 
because of gastrointestinal (GI) adverse events and in 
patients who do not achieve their glycemic targets with 
metformin monotherapy. For reductions in both HbA1c 
and body weight, however, a meta-analysis has shown 
that GLP-1 agonists seem to have an advantage over DPP-
4 inhibitors. Hence, they might be preferred in patients 
in whom glycemic control or weight reduction are key in 
therapeutic decision making. In patients who opt not to use 
a GLP-1 agonist, DPP-4 inhibitors are a good alternative 
to combine with metformin, given their glycemic efficacy, 
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which is similar to that of sulfonylureas or pioglitazone, 
their neutral effect on body weight, and their low risk for 
hypoglycemia. In contrast with previous meta-analyses 
that suggest a possible association of DPP-4 inhibitors 
with nasopharyngitis, urinary tract infections, and upper 
respiratory tract infections, this analysis did not find any 
significant difference between DPP-4 inhibitors and the 
active comparators. Additionally, DPP-4 inhibitors were not 
associated with an increase in mortality or serious adverse 
events compared with the other agents.50

It can be summarized that In patients with T2DM who 
do not achieve their glycemic targets with metformin 
alone, DPP-4 inhibitors can lower HbA1c, in a similar way 
to sulfonylureas or pioglitazone, with neutral effect on body 
weight. Increased unit cost, which largely exceeds that of 
older drugs and uncertainty about their long-term safety, 
should also be considered.50

1HZ�'HYHORSPHQWV�ZLWK�*/3���5HFHSWRU�
$JRQLVWV
Several new GLP-1 receptor agonists are being developed. 
6DQR¿�$YHQWLV� LV� GHYHORSLQJ� D� RQFH�GDLO\� SUHSDUDWLRQ��
lixisenatide, currently in phase III clinical trials.51 GLP-1  
receptor agonists administered as weekly injections are 
also being developed. Exenatide LAR, a formulation of 
exenatide in poly(lactic-co-glycolic) microspheres, is one 
such preparation. It was tested in the Diabetes Therapy 
8WLOL]DWLRQ�� 5HVHDUFKLQJ� &KDQJHV� LQ� $�&�� :HLJKW� DQG�
Other Factors through Intervention with Exenatide Once 
Weekly (DURATION-1) trial. This was an open-label trial 
that compared once-weekly subcutaneous injections of 
2 mg exenatide LAR to twice-daily injections of 10 mg 
of exenatide. Results demonstrated similar reductions in 
body weight and HbA1c levels.52 DURATION-2 compared 
the addition of weekly injections of exenatide LAR 
to pioglitazone and sitagliptin as add-on therapies to 
PHWIRUPLQ��7KHUH�ZDV�D�VLJQL¿FDQW�GHFUHDVH�LQ�+E$1c levels 
in the exenatide LAR cohort compared with pioglitazone 
and sitagliptin (1.5% vs. 0.9% and 1.2%, respectively) over 
���ZHHNV��7KH�H[HQDWLGH�/$5�JURXS�DOVR�KDG�D�VLJQL¿FDQW�
reduction in weight loss of 2.3 kg compared with a weight 
gain of 1.5 kg and 5.1 kg in the sitagliptin and pioglitazone 
groups, respectively.53 DURATION-3 compared weekly 
exenatide LAR to once-a-day insulin glargine in T2DM 
patients treated with oral hypoglycemics but who had 
suboptimal control. Exenatide LAR treatment resulted in a 
VLJQL¿FDQW� UHGXFWLRQ� LQ�ZHLJKW�RI���NJ�FRPSDUHG�ZLWK� WKH�
LQVXOLQ� JURXS�� EXW� QR� VLJQL¿FDQW� LPSURYHPHQW� LQ� +E$1c 
OHYHOV�� 7KHUH� ZDV� D� VLJQL¿FDQWO\� KLJKHU� SUHYDOHQFH� RI�
discontinuation of exenatide LAR (5%) versus insulin (1%) 
due to adverse effects (mostly injection-site reactions).54 

Another GLP-1 receptor agonist under development 
that can be given once weekly is taspoglutide (Roche/

Ipsen). It has completed phase III trials. Trial results are 
encouraging, but development has been delayed by 12–18 
months owing to concerns over hypersensitivity effects such 
as skin reactions and GI intolerance.55 GlaxoSmithKline 
is also developing a once-weekly GLP- 1 receptor agonist 
(albiglutide or Syncria) that is currently in phase III clinical 
trials. Early indications are that albiglutide might be superior 
to exenatide in reducing blood glucose levels.56 All of the 
drugs mentioned above require parenteral administration, 
which poses problems with regard to patient acceptability. 
Therefore, oral versions of GLP-1 are also being developed, 
for example, NN9924 (Novo Nordisk/Emisphere), which is 
currently in phase I clinical trials.57

2[\QWRPRGXOLQ�DQG�WKH�'XDO�$JRQLVP�RI�
*OXFDJRQ�*/3���5HFHSWRUV
Another key gut hormone that is implicated in the metabolic 
EHQH¿WV� RI� EDULDWULF� VXUJHU\� LV� R[\QWRPRGXOLQ� �2;0���
2;0�LV�DQ�DOWHUQDWLYH�FOHDYDJH�SURGXFW�RI�SURJOXFDJRQ�WKDW�
is cosecreted with GLP-1 from the L-cells of the distal small 
ERZHO��2;0�VHFUHWLRQ�LQ�UHVSRQVH�WR�DQ�RUDO�JOXFRVH�ORDG�LV�
elevated after Roux-en-Y bypass surgery.��

OXM acts as a dual agonist of the GLP-1 receptor and the 
glucagon receptor. OXM can combine the effects of GLP-1 
and glucagon to act as a potentially more effective treatment 
for obesity than GLP-1 receptor agonists. GLP-1 and glucagon 
are known to suppress food intake. In addition, glucagon can 
increase energy expenditure. The combination of decreased 
intake of food and increased expenditure of energy would be 
expected to enhance weight loss compared with decreasing 
intake of food alone (as with GLP-1). Activation of glucagon 
receptors is classically associated with an elevation in 
glucose levels, which would be deleterious in patients with 
T2DM, but GLP-1 receptor agonism would be expected to 
counteract this effect. Indeed, OXM administration to high 
fat-fed mice improved glucose tolerance, enhanced glucose 
disposal in a hyperinsulinemic clamp study, and inhibited 
endogenous production of glucose.

An OXM analogue, TKS1225 (Thiakis /Pfizer), is 
undergoing phase I/II testing. Merck have also developed 
various OXM analogues that are resistant to degradation. 
Two analogues have been tested in obese mice to compare 
the effects of dual agonism relative to activation of the GLP-
1 receptor. One analogue (Dual AG) bound to the GLP-1 
receptor and glucagon receptor. The alternative analogue 
(GLPAG) had equal affinity for the GLP-1 receptor but no 
significant action on the glucagon receptor. Results showed 
that obese mice administered Dual AG had superior weight 
loss and glucose metabolism compared with their GLPAG 
counterparts.59 Similarly, coagonists of glucagon and GLP-1 
receptors have been developed in collaboration between the 
research teams of DiMarchi and Tscho. These PEGy-lated 
peptides, if injected into diet-induced obese mice, can induce 
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weight loss through a combination of reduced intake of food 
and increased expenditure of energy. The treatment also 
improves lipid profiles and glucose metabolism. Thus, dual 
agonists of the glucagon and GLP-1 receptors represent a 
new therapeutic concept for obesity that promises enhanced 
weight loss and improvements in glycemic control beyond 
the GLP-1 analogues.60

*KUHOLQ�$QWDJRQLVP�DV�DQ�$QWLGLDEHVLW\�
6WUDWHJ\
*KUHOLQ� LV� D� ���DPLQR� DFLG� RFWDQR\ODWHG� SHSWLGH� WKDW� LV�
VHFUHWHG�IURP�WKH�;�$�OLNH�FHOOV�RI�WKH�VWRPDFK��,W�DFWLYDWHV�
the growth hormone secretagogue receptor (GHS-R1a). It is 
derived from preproghrelin by post-translational processing. 
The octanoylation is essential for GHS-R1a activation. 
Unlike most other gut hormones, it is orexigenic (i.e., it 
promotes food intake). Circulating levels of ghrelin increase 
with fasting and decrease after a meal. It also has several 
prodiabetic functions, including inhibiting insulin secretion, 
stimulating the release of counter-regulatory hormones, and 
impairing insulin sensitivity.61 The relationship between 
bariatric surgery and ghrelin levels is controversial. In 
2005, Cummings et al. demonstrated that patients who 
underwent Roux-en-Y gastric bypass surgery had reduced 
levels of ghrelin.62 GHS-R1a antagonism is considered to be 
a promising strategy for the treatment of diabesity. Asakawa 
and colleagues showed reduced intake of food and weight 
loss in mice treated with ghrelin antagonists.63 

Hsueh research team recently demonstrated that 
alternative post-translational processing of preproghrelin 
releases a 23-residue ghrelin-associated peptide termed 
“obestatin.” Obestatin is found in the same neuroendocrine 
cells as ghrelin. Instead of being orexigenic, this peptide is 
anorexigenic, that is, it antagonizes the effects of ghrelin on 
food intake. Interestingly, some early data indicate that Roux-
en-Y gastric bypass surgery is associated with a decrease 
in circulating ghrelin but obestatin levels are relatively 
preserved. The consequent decrease in ghrelin/obestatin 
ratios might reflect a tilt in the balance of orexigenic drive 
from ghrelin versus the anorexigenic drive from obestatin 
favoring weight loss.64 

3HSWLGH�<<�$QDORJXHV�DV�7UHDWPHQWV�IRU�
2EHVLW\
Peptide YY (PYY) is a 36-amino acid peptide that is 
released from L-cells after eating a meal.65 It is processed in 
WKH�FLUFXODWLRQ�E\�'33���UHOHDVLQJ�WKH�¿UVW�WZR�DPLQR�DFLG�
residues and creating the active peptide PYY3-36. PYY3-36 
binds to the neuropeptide Y subtype 2 receptor (Y2R), and its 
principal effect is to reduce appetite via a negative feedback 
mechanism. It is shown that intravenous infusion of PYY 
can reduce appetite in lean and obese subjects. Circulating 
levels of PYY3-36 are increased after bariatric surgery, and 

it is thought that this is one of the important mechanisms 
that cause sustained weight loss in these patients. PYY3-36, 
if given to diet-induced obese mice, prevents weight gain 
DQG�D�GLHW�LQGXFHG�LQFUHDVH�LQ�+%$1c levels.66

$JRQLVWV�DQG�$QWDJRQLVWV�RI�WKH�*,3�
5HFHSWRU
GIP is a 42-amino acid peptide that is secreted from K-cells 
after eating a meal. Along with GLP-1, it acts as an incretin 
to stimulate insulin release. In T2DM, secretion of GIP is 
known to be blunted,67 and there appears to be resistance to 
the incretin effects of GIP. Importantly, GIP also has direct 
anabolic effects on adipose tissue, including stimulation 
of glucose import, fatty acid synthesis, lipogenesis, and 
inhibition of lipolysis. It was observed that post-prandial 
secretion of GIP is blunted after Roux-en-Y gastric bypass 
surgery. Therefore, researchers have pursued two broad 
strategies with respect to GIP and the treatment of diabesity. 
Firstly, long-lasting GIP receptor agonists have been 
developed (in a similar vein to GLP-1 receptor agonists) 
as insulinotropic agents to treat T2DM. These have been 
VKRZQ� WR� LPSURYH� JOXFRVH� KRPHRVWDVLV� LQ� RE�RE� PLFH��� 
Amylin Pharmaceuticals have developed a long-acting GIP 
receptor agonist, AC163794, which is insulinotropic in 
rats.69 However, the infusion of exogenous GIP into patients 
with T2DM worsens glucose tolerance,70 which could 
indicate that this particular strategy might not be productive 
in humans.

Secondly, GIP receptor antagonists could represent a new 
method for treating obesity and its metabolic complications 
by antagonizing the anabolic effects of GIP on adipose 
tissue. Such an antagonist, Pro3-GIP, has been shown to 
reduce weight and improve carbohydrate metabolism in 
high-fat diet-induced obese mice, indicating that this might 
be a more promising avenue for development.71

6HOHFWLYH�3HUR[LVRPH�3UROLIHUDWRU�
$FWLYDWHG�5HFHSWRU�$JRQLVWV
The main peroxisome proliferator-activated receptor (PPAR) 
VXEW\SHV�� 33$5�Į�� �į�� DQG� �Ȗ�� HDFK� IRUPV� D� KHWHURGLPHU�
ZLWK� WKH� UHWLQRLG� ;� UHFHSWRU� DQG� DFWV� DV� WUDQVFULSWLRQ�
modulators with a diverse range of metabolic, immune, 
and other effects.72 Current antidiabetic thiazolidinediones 
�SLRJOLWD]RQH��DUH�KLJK�DI¿QLW\�33$5�Ȗ�DJRQLVWV��33$5�Ȗ�LV�
strongly expressed in adipose tissue, and thiazolidinediones 
promote adipogenesis, particularly in peripheral fat 
depots. New insulin-sensitive adipocytes take up fatty 
acids, reducing circulating fatty acids and improving the 
glucose fatty acid (Randle) cycle and glycemic control. 
However, in clinical use, this is typically associated with 
ZHLJKW� JDLQ�� 'XDO� 33$5�Į��Ȗ� DJRQLVWV� �JOLWD]DUV�� VXFK� DV�
the nonthiazolidinedion esmuraglitazar and tesaglitazar 
were developed to capture the glucose-lowering and lipid-
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lowering potential of this approach. Although these and 
other molecules in this class have exhibited side effects 
that have precluded introduction into clinical use,73 the 
FRQFHSW�UHPDLQV�SODXVLEOH�DQG�IXUWKHU�GXDO��Į��Ȗ�DJHQWV��H�J���
aleglitazar) are being investigated.

PPAR-δ agonists such as GW501516 and L-165041 can 
improve insulin sensitivity, increase fatty acid oxidation, 
raise thermogenesis, and prevent weight gain in animal 
models.74 This raises the possibility that agents with an 
appropriate balance of selectivity for PPAR-α, -γ, and -δ (so-
called pan PPARs or SPPARMs; selective PPAR modulators) 
could reduce glucose and lipid levels without causing weight 
gain.74

6RGLXP±*OXFRVH�&RWUDQVSRUWHU���
,QKLELWRUV
The sodium–glucose cotransporter 2 (SGLT2) is located 
SUHGRPLQDQWO\�LQ�WKH�¿UVW�VHJPHQW�RI�WKH�SUR[LPDO�WXEXOHV�
of the kidney, where it acts as the conduit to reabsorb most 
RI� WKH� ¿OWHUHG� JOXFRVH� IURP� WKH� QHSKURQ�� 3UHFOLQLFDO� DQG�
FOLQLFDO�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�VSHFL¿F�LQKLELWRUV�RI�
this cotransporter can reduce hyperglycemia and facilitate 
weight loss by increasing the elimination of glucose in the 
urine.75� 7KH� NLGQH\V� QRUPDOO\� ¿OWHU� DERXW� ���±���� J� RI�
glucose daily, virtually all of which would be reabsorbed. For 
example, partial inhibition of SGLT2 activity to eliminate 50 
g of glucose would potentially dispose of 200 kcal of energy 
and might be expected to lower plasma glucose by about 
��PPRO�/��$VVXPLQJ�DSSURSULDWH�FDXWLRQ� WR�JXDUG�DJDLQVW�
osmotic diuresis, electrolyte changes, and dehydration and 
to minimize risk of urinogenital infections, the use of SGLT2 
inhibition offers an option to directly reduce glucotoxicity 
and provide additive support to other antidiabetic therapies 
while incurring minimal risk of hypoglycemia. SGLT2 
LQKLELWRUV� �ÀR]LQ���QRWDEO\�GDSDJOLÀR]LQ��FDQDJOLIR]LQ��DQG�
empaglifozin, are recently approved by US FDA for its use 
as an antihyperglycemic agent.

,QVXOLQ�$FWLRQ�(QKDQFHUV
A metabolite from cultures of the fungus Pseudomassaria 
�GHPHWK\ODVWHUULTXLQRQH�� /���������� KDV� EHHQ� LGHQWL¿HG�
as a nonpeptide activator of the insulin receptor. It can 
initiate phosphorylation and tyrosine kinase activity of the 
ȕ�VXEXQLW�RI� WKH� LQVXOLQ�UHFHSWRU��DQG� ORZHU�EORRG�JOXFRVH�
in insulin-resistant obese-diabetic mice. Although this 
particular molecule is not suited to clinical application, it 
does demonstrate proof of concept for activation of insulin 
action independently of insulin.

Extending the tyrosine kinase activity of the preactivated 
insulin receptor has been demonstrated with substances that 
inhibit receptor dephosphorylation, notably inhibitors of 
protein tyrosine phosphatase-1B. Vanadium salts may act, 
in part, through this mechanism to enhance insulin action. 

Inhibitors of certain isoforms of protein kinase C also can 
prolong insulin receptor tyrosine kinase activity.76

0RGL¿HUV�RI�*OXFRVH�0HWDEROLVP
Glucokinase activators increase hepatic glucose disposal 
and also stimulate insulin secretion; several such agents have 
VKRZQ�DQWLGLDEHWLF�HI¿FDF\�LQ�SUHFOLQLFDO�DQG�HDUO\�FOLQLFDO�
studies but require careful titration to avoid hypoglycemia. 
Stimulation of adenosine monophosphate-activated protein 
kinase (AMPK), seen during exposure to metformin and 
thiazolidinediones, continues to receive attention as a 
mechanism for improved glucose metabolism. Several 
analogues of AMP, such as AICAR (5-aminoimidazole-
��FDUER[DPLGH���%�'�ULERIXUDQRVLGH��� KDYH� EHHQ� VKRZQ�
to activate AMPK and improve glycemic control in 
insulin-resistant diabetic animals. Other approaches to 
improve glucose metabolism include selective inhibitors 
of glycogen synthase kinase-3, glycogen phosphorylase, 
glucose 6-phosphatase, and fructose 1,6-bisphosphatase, 
all of which have proof-of-concept studies to support their 
consideration.77

$QWDJRQLVWV�RI�&RXQWHU�UHJXODWLRQ
In addition to hybrid peptide antagonists of glucagon 
receptors, nonpeptide antagonists have been developed 
to prevent the metabolic impact of inappropriate 
hyperglucagonemia in diabetic states, and this remains 
a potential untapped antidiabetic target. Reducing the 
counter-regulatory metabolic effects of glucocorticoids also 
presents an antidiabetic opportunity, provided that other 
effects of glucocorticoids are not impeded. Glucocorticoid 
UHFHSWRU� LQKLELWRUV� KDYH� EHHQ� VSHFL¿FDOO\� WDUJHWHG� DW� WKH�
liver by conjugation to bile salts. Another approach has been 
to interrupt the cellular conversion of less active cortisone to 
more active cortisol by selectively inhibiting the reductase 
DFWLYLW\� RI� WKH� ���ȕ�K\GUR[\VWHURLG� GHK\GURJHQDVH���
���%+6'��� HQ]\PH��ZKLFK� LV� VWURQJO\� H[SUHVVHG� LQ� OLYHU�
and adipose tissue.��� ,QKLELWRUV� RI� ��%+6'�� FDQ� LQFUHDVH�
insulin sensitivity, improve plasma glucose and lipids in 
obese-diabetic rodents, and counter the adipogenic effects 
of glucocorticoids.

%URPRFULSWLQH
The dopamine D2 receptor agonist bromocriptine, an 
established therapy for Parkinson’s disease and prolactinomas 
in 2009 received an indication for use as an antidiabetic 
DJHQW�LQ�WKH�8QLWHG�6WDWHV��%URPRFULSWLQH�HQKDQFHV�LQVXOLQ�
sensitivity and improves glycemic control in T2DM without 
causing severe hypoglycemia.79� %URPRFULSWLQH� DOVR� FDQ�
lower plasma triglyceride and free fatty acid concentrations 
and assist weight loss; however, risk of side effects such as 
nausea, hypotension, and psychiatric disturbances must be 
considered.
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&DQQDELQRLG�5HFHSWRU���$QWDJRQLVWV
An overactive endocannabinoid system in the brain and 
within adipose tissue (especially intra-abdominal depots) 
appears to contribute to increased appetite and excess 
adipose deposition in obese individuals.�� Inhibitors of the 
FDQQDELQRLG�UHFHSWRU����&%���UHGXFH�REHVLW\��DQG�WKH�&%��
antagonist rimonabant was introduced in Europe (in 2006). 
The weight-lowering effect of rimonabant in obese T2DM 
patients often was accompanied by a greater reduction in 
HbA1c than expected for the amount of weight lost, and the 
antidiabetic potential of the drug was under consideration 
ZKHQ�LW�ZDV�GLVFRQWLQXHG��LQ�������GXH�WR�VLGH�HIIHFWV��QRWDEO\�
GHSUHVVLRQ�� 'HYHORSPHQW� RI� PRVW� RWKHU� &%�� DQWDJRQLVWV�
and inverse agonists has since been discontinued, although 
experimental studies continue to explore the possibility that 
QRYHO� &%�� DQWDJRQLVWV� PLJKW� VSHFL¿FDOO\� WDUJHW� DGLSRVH�
tissue without crossing the blood–brain barrier.

$QWLREHVLW\�$JHQWV
3UHVHQW� DQWLREHVLW\� DJHQWV� WDUJHW� KXQJHU�VDWLHW\�
(sibutramine, phentermine) or inhibit intestinal lipase 
activity (orlistat is now over-the-counter and cetilistat is 
advanced in development). Other weight-lowering agents 
under investigation include leptin analogues, ciliary 
QHXURWURSKLF� IDFWRU�� ȕ��DGUHQHUJLF� DJRQLVWV�� WKH� VPRNLQJ�
cessation agent bupropion, the fructose epimertagatose, and 
the antiepileptic agents topiramate and zonisamide.�� Due to 
OLPLWDWLRQV�RI�HI¿FDF\�RU�DGYHUVH�HYHQWV��WKHVH�KDYH�QRW�\HW�
received antiobesity indications.

Pramlintide has been available in the United States since 
2005 as an adjunct to insulin therapy for T1DM and T2DM. 
Although it has received only minor use, possibly due to the 
need for multiple daily subcutaneous injections separately 
from the insulin, it has been shown to benefit glycemic 
control while enabling a reduced insulin dose and a decrease 
in body weight.82 Injectable combinations of pramlintide 
with other weight-lowering peptides, notably with leptin 
and peptide YY (PYY)3-36, are being studied, as well as a 
combination of leptin with PYY3-36. Provisional evidence 
indicates that whereas pramlintide alone achieves weight 
loss of greater than 10% in about one-third of patients, this 
is increased to about half of patients when combined with 
leptin.

$GLSRVH�7LVVXH�6LJQDO
Since the discovery of leptin as an adipocyte satiety signal, 
adipose tissue has been recognized as a rich source of 
SHSWLGHV�WKDW�DIIHFW�KXQJHU�VDWLHW\�DQG�QXWULHQW�PHWDEROLVP��� 
Adipose tissue produces a large amount of adiponectin 
(Acrp30), and the amount decreases as the adipose mass 
increases. Adiponectin exerts many potentially advantageous 
effects, such as improved insulin sensitivity, activation of 

$03.��DQWL�LQÀDPPDWRU\�DFWLYLW\��DQG� LPSURYHG�YDVFXODU�
reactivity. From a therapeutic perspective, adiponectin 
stimulants, analogues, and nonpeptide receptor agonists are 
EHLQJ�FRQVLGHUHG��5HWLQRO�ELQGLQJ�SURWHLQ����5%3����ZKLFK�
transports plasma retinoids, is another potential diabesity 
target.���5%3��LV�DVVRFLDWHG�ZLWK�LQVXOLQ�UHVLVWDQFH��DQG�WKH�
RBP4 gene knockout increases insulin sensitivity. Other 
adipocyte peptides that reduce (e.g., resistin, tumor necrosis 
IDFWRU�Į�� RU� SRVVLEO\� LPSURYH� �H�J��� YDVSLQ�� RPHQWLQ��
visfatin) insulin sensitivity are also viewed as therapeutic 
leads.�����

%DULDWULF�6XUJHU\
%DULDWULF� VXUJHU\�� D� IRUP� RI� *,� VXUJHU\� WKDW� LV� GHVLJQHG�
to achieve and sustain substantial weight loss, effectively 
prevents and treats T2DM. The implementation of 
laparoscopic, minimally invasive techniques, and the 
pronounced reduction in morbidity and mortality generated 
interest in surgery, leading to a Diabetes Surgery Summit of 
experts in Rome in 2007,�� the inclusion by the American 
Diabetes Association of bariatric surgery as a treatment 
option for diabetes in 2009,�� and an International Diabetes 
Federation position statement in 2011.�� Zimmet and 
colleagues�� pointed out that although T2DM is usually 
treated by physicians, surgeons can now provide successful 
RXWFRPHV� LQ� REHVH� SDWLHQWV�ZLWK�7�'0��%DULDWULF� VXUJHU\�
SURYLGHV�DGGLWLRQDO�EHQH¿WV�WKURXJK�LPSURYHPHQWV�LQ�RWKHU�
obesity-related comorbidities, for example, dyslipidemia 
and obstructive sleep apnea. Additionally, health-related 
quality of life improves, symptoms of depression are 
UHGXFHG��DQG�RWKHU�SV\FKRVRFLDO�EHQH¿WV�DUH�QRWHG���

Bariatric surgery offers an instructive paradigm for 
understanding the roles of gut hormones in diabesity 
treatment.90 There are three major forms of surgery: restrictive, 
malabsorptive, and combined (Fig. 1). Restrictive bariatric 
surgical techniques reduce the capacity of the stomach to 
receive a meal, and therefore restrict food intake. Examples 
include gastric banding, vertical banded gastrectomy, and 
sleeve gastrectomy. The popularity of restrictive procedures 
stems from the relatively simple surgical techniques required 
and the possibility of reversibility (e.g., by removal of a 
gastric band). Malabsorptive procedures are more complex 
surgically and divert ingested food to a more distal point in 
the GI tract. Examples include duodenal-jejunal bypass and 
biliopancreatic diversion. Combination procedures that link 
restrictive and malabsorptive components include Roux-
en-Y gastric bypass, biliopancreatic diversion, and duodenal 
switch. Malabsorptive and combination procedures are 
associated with larger magnitudes of weight loss compared 
with gastric banding alone.90 However, bariatric surgery 
carries serious shortcomings: (i) the requirement for 
specialist surgeons and facilities, which restricts the number 
of procedures that can be done and increases costs; (ii) a 
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counseling obese individuals about diet, exercise, and 
behavioral interventions (skill development, motivation 
and support strategies) produces modest sustained weight 
ORVV� ��±�� NJ� IRU� ��� \HDU��� 5HVHDUFK� LQVWLWXWLRQV�� QRQ�
governmental organizations along with the policy makers 
in the countries’ governments should collaborate in setting 
these standards. Moreover, most guidelines agree that those 
with hypertension and hyperlipidemia should be screened 
for diabetes.94

Figure 1 | Comparison of bariatric procedures and their effects on levels of gut hormones. 
&HQWUH��7KH�QHXURHQGRFULQH�FHOOV� WKDW�VHFUHWH� WKH�YDULRXV�JXW�KRUPRQHV�DUH� LQGLFDWHG� LQ� WKH�
boxes, which are connected to the principal areas of the gastrointestinal tract that contain these 
FHOOV��;�$�OLNH�FHOOV�DUH� ORFDWHG� LQ� WKH�IXQGXV�RI� WKH�VWRPDFK�DQG�VHFUHWH�JKUHOLQ��*KU��DQG�
obestatin (Obes). K-cells are located in the proximal small bowel and release gastric inhibitory 
peptide (GIP). The L-cells found more distally account for the release of glucagon-like 
SHSWLGH����*/3�����SHSWLGH�W\URVLQH�W\URVLQH��3<<���DQG�R[\QWRPRGXOLQ��2;0���7KH�GLIIHUHQW�
IRUPV�RI�EDULDWULF�VXUJHU\�KDYH�EHHQ�FODVVL¿HG�GHSHQGLQJ�RQ�ZKHWKHU�WKH\�DUH�UHVWULFWLYH��WRS���
malabsorptive (bottom left), or combined (bottom right). Changes in gut-hormone levels (if 
known) are indicated next to each type of procedure. The main form of restrictive surgery 
(top), laparoscopic gastric banding, bands the upper part of the stomach, restricting the amount 
RI�IRRG�WKDW�FDQ�HQWHU��7KH�EDQG�FDQ�EH�DGMXVWHG�E\�D�VXEFXWDQHRXV�ÀXLG�¿OOHG�UHVHUYRLU��7KLV�
RIIHUV�D� VLJQL¿FDQW�DGYDQWDJH�RYHU�YHUWLFDOO\�EDQGHG�JDVWURSODVW\��ZKLFK� LQYROYHV�SODFLQJ�D�
non-adjustable band at the base of the stomach in addition to reducing stomach size by the use 
of staples to form a small pouch. A more recently developed bariatric procedure is the sleeve 
JDVWUHFWRP\��ZKLFK�LQYROYHV�H[FOXVLRQ�RI�WKH�VWRPDFK�IXQGXV��7KLV�PD\�EH�XVHG�DV�GH¿QLWLYH�
VXUJHU\�RU�WKH�¿UVW�VWHS�EHIRUH�D�FRPELQDWLRQ�SURFHGXUH�
Malabsorptive procedures (bottom left) include a biliopancreatic diversion. This results in food 
passing through a smaller stomach pouch, which is in direct continuity with the distal bowel. 
The duodenal switch (bottom right) combines the restrictive sleeve gastrectomy with the 
biliopancreatic diversion to reduce the size of the stomach and preserve the pylorus. Finally, 
Roux-en-Y gastric bypass surgery involves connecting the distal bowel to a surgically altered 
smaller stomach pouch.

not-inconsiderable perioperative prevalence of mortality 
of 0.1–1.1%; (iii) its relative irreversibility (particularly for 
malabsorptive and combination procedures).

Two relevant observations have been made in diabetic 
patients undergoing bariatric surgery. The first is that the 
reduction in hyperglycemia after surgery occurs within days 
(before meaningful weight loss) and persists >10 years.90,96 
The second observation is that the improvement in diabetic 
control is dependent upon the type of bariatric surgery. 
Malabsorptive and combined procedures result in >80% of 
patients achieving normoglycemia compared with 57% of 
patients who undergo restrictive surgery.90 These two points 
indicate that weight loss alone is not the only reason for the 
resolution of hyperglycemia. Malabsorption does not solely 
explain the phenomenon because there is no reduction in 
albumin level or increase in the excretion of fecal fat in these 
patients.91

The general consensus is that many of the improvements 
in carbohydrate metabolism achieved by bariatric surgery 
are likely to be due to alterations in the secretion of hormones 
from the GI tract. Patients who have undergone bariatric 
surgery have been observed to have significantly different 
profiles of gut hormones (Fig. 1). For example, in some 
patients, the level of the gut hormone GLP-1 is significantly 
increased after surgery, whereas that of another hormone, 
GIP, is decreased.91 Other postoperative alterations in 
secretion of gut hormones are summarized in Fig. 1 and 
in the following sections. Most recent developments have 
centered on GLP-1 receptor agonists.

&KDOOHQJHV�DQG�2SSRUWXQLWLHV
The best way to curtail this diabesity epidemic is to screen 
for early detection, prevention, and early management 
of obesity, especially in younger individuals, before 
the development of T2DM. It was suggested that 
supplementation with micronutrients such as vitamin D and 
vitamin E could attenuate the innate immunity.92 This could 
be achieved by fortifying the food with these micronutrients 
besides including high vitamin D and vitamin E diet in the 
daily meals of the school children, which needs a national 
plan, especially in developing countries. It is recommended 
that all individuals 30 years of age or older with risk factors 
should be screened annually for T2DM and obesity.93 
Risk factors include family history, hypertension, obesity, 
sedentary lifestyle, CVD, and hyperlipidemia. This is 
further supported by the fact that at the time of diagnosis, 
50% of patients have microvascular complications 
(retinopathy, neuropathy, or nephropathy) and twice the 
risk of macrovascular complications when contrasted to 
the general population. As for obesity, there is mounting 
HYLGHQFH� WKDW� WKH�%0,� DQG�ZDLVW�PHDVXUHPHQW� LV� UHOLDEOH�
and valid for detecting obese and overweight individuals 
with increased risk for morbidity and mortality. Moreover, 
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Recent therapeutic approaches are directed against the 
principal pathophysiology of diabesity, which includes the 
innate immune system, the incretion system, inflammatory 
mediators, oxidative stress, mediators of insulin resistance, 
and the balance between energy intake and expenditure.95–97 
Recent studies suggested a role for incretin-based 
antidiabetic and more data are still needed to investigate their 
efficacy.98 Glycemic control using dipeptidyl peptidase-4 
inhibitor therapies (sitagliptin, vildagliptin, saxagliptin, 
and linagliptin) and glucagon-like peptide receptor agonist 
therapy (exenatide and liraglutide) in addition to the 
traditional therapies are also recommended. In addition, 
antiobesity strategies including behavioral modification 
and antiobesity drugs such as orlistat are still considered an 
alternative line of therapy, with risk monitoring from the 
long-term use. Moreover, laparoscopic surgical procedures 
such as banding of the stomach and Roux-en-Y gastric 
bypass could play a role and have been reported to produce 
remission rates of T2DM of up to 73%.

&RQFOXVLRQ
Considering global epidemic of diabesity, early diagnosis 
DORQJ�ZLWK�HIIHFWLYH�DQG� MXVWL¿HG�PDQDJHPHQW� LV� WKH�QHHG�
of the hour. Metformin, DPP4 inhibitors, GLP1 agonists, 
and SGLT2 inhibitors are the promising antihyperglycemic 
drugs for such individuals. Further research data is required 
to ascertain the role of forthcoming molecules targeting 
principal pathophysiology of diabesity.
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