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Diabetes & obesity

Dr. Nabil Bashir



[l NOTE: Study the table well ]

OVERVIEW OF ’ — .
D I A B ET E S ‘ AGE OF ONSET Usually during childhood or puberty; | Frequently after age 35 years; symptoms develop gradually

symptoms develop rapidly

L STAT
I\/I E L L I T U S #::‘Téi(l‘)llonf':ge ASE ot'ﬁé; Frequently undernourished Obesity usually present

° H et e r O g e n O u S g r O u p O_I: PREVALENCE <10% of diagnosed diabetics >90% of diagnosed diabetics
multifactorial polygenic

GENETIC PREDISPOSITION | Moderate Very strong

Insulin resistance combined with inability of f cells to

Syn d ro m e_ DEFECT OR DEFICIENCY grgﬁﬂiﬁg?\%ﬁggm zelininating produce appropriate quantities of insulin
FREQUENCY OF KETOSIS Common Rare
B NOTE: There are many causes
an d many C| ini ca | pi ctures PLASMA INSULIN Low to absent :'I]grgt%rl"ly in disease; low to absent in disease of long
associated with diabetes ACUTE COMPLICATIONS Ketoacidosis Hyperosmolar hyperglycemic state
® e I evate d faSt I n g b I O O d gsgggfsgg& g gab GS Unresponsive Responsive
glucose caused by a relative | meamenr Insulin s aways necsssary P ot o mscaes e rapueton of ok actore (welon
- - . reduction, smoking cessation, blood pressure control,
O r abso I u te d efl C I e n Cy I n treatment of dyslipidemia) is essential to therapy
Insulin Figure 25.1

Cemparisan of tvoa 1 and tipe & diabstes mellitus, [Note: The name of the disease reflects the clinical presentation
-/ wopious amounts of glucose-containing urine ana IS derived from the Greek word for siphon (diabetes) and the

* Type 1 Latin word for honey-sweet (mellitus).]

* Type 2



Type 1 diabetes

» Absolute deficiency of insulin caused by
autoimmune attack on the f cells of
pancreas

» P cells destruction required both
environmental stimulus and a genetic
determinant that allows the cells to be
recognized as nonself.

* Polyuria(frequent urination)
» Polydipsia(excessive thirst)

Polyphagia(excessive hunger)

Diagnosis by glycosylated hemoglobin:
>6.5 mg/dl, normal <5.7 or

FBS >126 mg/dl, normal=70-99

Figure 25.2

Insulin secretory capacity during
onset of type 1 diabetes. [Note:
Rate of autoimmune destruction
of B cells may be faster or slower
than shown.]

B NOTE: This figure shows you the
gradual destruction of B cells.

/I NOTE: Glycosylated hemoglobih
is hemoglobin attached to sugar,

it stays in RBCs, so when it is
measured it indicates the levels

of glucose in the previous 3
months, as this is the age for a

YV V V

Impaired FBS of 100-125 mg/dI-
prediabetic

» could be diagnosed if RBS>200 MG/DL

(I NOTE: RBS is Random Blood A
Sugar, which is measured 1 or 2
hours after having a meal (post-

\ normal RBC.

J

INITIATING EWENT
Exposure to a virus or t?-xln
may start the ocess o
ﬁ—cgll destnucﬁ:;n in individuals
with a genetic predisposition.

SLOW B CELL
DESTRUCTION

Owver a period of years,
p-celis are destroyed,
resul‘rtin? in decrea
production of insulin.

:

Subclinical
]

Immunologic dysfunction

trigger

INsulin secretory capacity
(percent of normal)

Clinical threshold

vears of autoimmune:
destruction of B cells

3 CLINICAL DISEASE
n the insulin secretory
xg;;clty falls below a threshold,
the symptoms of type 1 diabetes
suddenly appear.

[l NOTE: FBS is Fasting Blood Suger ]

absorptive state).

J




Metabolic changes in type 1 diabetes

Deficiency of insulin that will affect liver, muscle
and adipose.

1. Hyperglycemia and ketoacidosis

= Hyperglycemia due to gluconeogenesis and no
uptake of glucose by muscle and adipose Glut4

/. NOTE: GLUT 4 is insulin-dependent. No insulin, no \
GLUT 4, no intake of glucose by muscles and adipose
tissue. Note that entry of glucose into liver is not
insulin-dependent, but it will not be phosphorylated,
so it will exit the liver into the blood, thus

\ hyperglycemia. j

» Ketosis due to increased lipolysis from adipose |
and beta-oxidation of FA and increase synthesis
of acetoacetate and beta-hydroxyl butyrate.

(- )

B NOTE: Some of the acetyl-CoA released from |
beta-oxidation of fatty acids will be used in TCA
cycle, but the rest will be used to synthesize
ketone bodies.

G J

Hyperglycemia results from
increased hepatic gluconeogenesis
and decreased glucose uptake by

insulin-sensitive GLUT-4 of
adipose tissue and muscle.

BLOOD

INTESTINE
[ —

Glucose
§-phosphate ME—- Glucose =) Glucose

Glycogen

ADIPOCYTE

Acetyl CoA TCA
I cycle

Pyruvate

Triacylglycerol

Acetyl CoA E> Ketone bodies > Ketone

bodies
Fatty acids Glycerol

Triacylglycerol <= Falty acids

¥

VLDLs

Gluconeogenic

Fatty acids
BLOOD

precursors l
VLDLs Ketosis results from the massive hvilomicrons SR
Amlgo (accumulate) mobilizaﬁ.on of fatty acids from c ac?umulate) ®‘“
acids adipose tissue followed by SR
hepatic ketogenesis. Insulin
Amino acids -

from muscle and other

peripheral tissues Glucagon

Figure 25.3

Intertissue relationships in type 1 diabetes. TCA = tricarboxylic acid; CoA = coenzyme A; VLDLs = very-low-densi
lipoproteins; GLUT = glucose transporter.



2. hypertriglyceridemia:
( a )

B NOTE: Hypertriglyceridemia occurs because not all fatty acids are oxidized, some of them are used to
synthesize TAGs which are packaged in VLDLs, and these VLDLs accumulate in the blood. TAG-rich

chylomicrons also accumulate. Why do they accumulate? Because lipoprotein lipases are not working
< due to absent insulin.

J

» Not all FA are oxidized, but some of them is used for synthesis of TAG in the liver packaged as VLDL
» Chylomicrons are synthesized by intestinal cells

« LPL is not working bcz insulin absence

Typical mean blood glucose
concentrations observed in insulin-
dependent diabetics treated with:

Normal mean Intensive Standard
[glucose] in insulin insulin
nondiabetic therapy therapy

/l NOTE: Exogenous insulin in type 1 diabetes is needed because\ mdikui l /
there are insufficient amounts of insulin in the body. There are
2 types of treatment, the standard treatment and the intensive
treatment. In standard treatment, one or two daily injections

are given, the level of glucose is above normal, it is about 250 T b:gg;‘[{gszgsgfomﬁ;gls'so
mg/dl and the level of HbA1lc is about 9, still higher than normal e—, = —

\ (glucose=100 mg/dl, HbA1c=6, follow the curve as you read). / s ] D i R

-
O N

]

»

Percent hemoblobin A1
V]

N

patients with type 1 diabetes.




Treatment of type 1 diabetes

the glucose levels and HbA1c are less than in the
standard, but still not reaching normal levels. It was
found that intensive treatment resulted in 50%
reduction in complications such as: neuropathy

\ ,retinopathy, and nephropathy.

/l NOTE: In intensive treatment (3 or more injections),

~

J

Exogenous insulin is needed.

1. Standard treatment versus
intensive treatment: one or two
daily injections

* Intensive treatment; 3 or more
Insulin injections daily.

 Normalization is not achieved
even intensive treatment

* 50% or more reduction of
complications in intensively
treated patients

Percent hemoblobin A
(7]

Typical mean blood glucose
concentrations observed in insulin-
dependent diabetics treated with:

Normal mean Intensive Standard
[glucose] in  insulin insulin
nondiabetic therapy therapy

individuals /
o12¢ \ Y /

® >

E~Y

N

o L Y 1 YJ L L
0 50 100 150 200 250 300 350
Mean blood [glucose], mg/dl
Figure 25.4

Correlation between mean blood
glucose and hemoglobin A4 in
patients with type 1 diabetes.



Effect of tight glucose control on
hypoglycemic episodes in a
population of patients on intensive
therapy or conventional therapy.

2. Hypoglycemia in type 1
diabetes; caused by excess insulin
IS the most common complication
of insulin therapy

Type 1 diabetic patients develop
deficiency of glucagon, but rely
on epinephrine to prevent severe
hypoglycemia,

Type 1 diabetics show impaired
ability to secrete epinephrine in
response to hypoglycemia.

Hypoglycemia can also be caused
by strenuous exercise, exercise
promotes glucose uptake Into
muscle

Hypoglycemic episodes

~

INTENSIVE THERAPY

@ Intensive therapy results in a
threefold increase in the
frequency of hypoglycemia.

@® Many clinicians believe the
increased risk of hypo-
glycemia that accompanies
intensive therapy is justified
by the substantial decrease
in the incidence of long-term
complications, such as diabetic
retinopathy and nephropathy.

per 1000 patient months

100 4 Intensive
therapy
| Conventional
therapy




B Additional from Lippincott: One of the therapeutic goals in cases of diabetes is to decrease blood
glucose levels in an effort to minimize the development of long-term complications of the disease.
However, appropriate dosage of insulin is difficult to achieve. Hypoglycemia caused by excess
insulin is the most common complication of insulin therapy, occurring in >90% of patients. The
frequency of hypoglycemic episodes, seizures, and coma is particularly high with intensive
treatment regimens designed to achieve tight control of blood glucose. In normal individuals,
hypoglycemia triggers a compensatory secretion of counterregulatory hormones, most notably
glucagon and epinephrine, which promote hepatic production of glucose. However, patients with
T1D also develop a deficiency of glucagon secretion. Therefore, these patients rely on epinephrine
secretion to prevent severe hypoglycemia. However, as the disease progresses, T1D patients show
diabetic autonomic neuropathy and impaired ability to secrete epinephrine in response to
hypoglycemia. The combined deficiency of glucagon and epinephrine secretion creates a symptom-
free condition sometimes called “hypoglycemia unawareness.” Thus, patients with long-standing
T1D are particularly vulnerable to hypoglycemia.



TYPE 2 DIABETES

« Polyuria, polydipsia, polyphagia
may be present but is less
common.

 Combination of insulin
resistance and dysfunctional beta
cells.

 Metabolic alterations are milder
than type 1

« Diagnosis is based on
hyperglycemia, using FBS,
HblAc, and RBS.

* No virus or autoimmune
antibodies

« Hyperosmolar hyperglycemic—>
hyperglycemia and dehydration

Insulin resistance in
peripheral tissues

LIVER

Increased
production
/ of glucose

Glucose

Decreased

& glucose uptake
% .- by insulin-

“..: sensitive GLUT-4

ADIPOSE
TISSUE

Inadequate insulin
secretion from p cells

> Insulin

Figure 25.6

Major factors contributing to hyper-
glycemia observed in type 2
diabetes. GLUT = glucose
transporter.

KNOTE: In type 2 diabetes, ther}

is an increased production of
glucose in the liver by
gluconeogenesis and
glycogenolysis, and this glucose
accumulates in the blood due to
decreased GLUT 4 activity in
muscles and adipose tissue
because of insulin resistance,
and inadequate insulin secretion
from the pancreas.

B Additional: When you have
high blood sugar,
your kidneys try to get rid of
the excess sugar through the
urine. Through this process,
you also lose fluids (water)
that your body needs. It also
causes your blood to
become more concentrated
than normal. This is called

Khyperosmolarity. /




A. Insulin resistance

Is the decreased ability of target
tissues, such as liver, adipose,
and muscle to respond properly
to normal or elevated circulating
concentrations of insulin.

* Increase in adipose lipolysis with

production of free FAs

* Increase in hepatic

gluconeogenesis

» Decreased uptake of glucose by

muscle and adipose tissue

F

J

Obesity

Y

| Changes in adipose secretions |

|

[ Insulin resistance ]

Adipose
lipolysis
Fatty acid
oxidation

Y

t Hepatic
gluconeogenesis

Y
Free
fatty

acids

Glucose uptake
by muscle and
adipose tissue

|

Y l
[:nslood glucose]

Figure 25.7

Obesity, insulin resistance, and
hyperglycemia. [Note: Inflammation
also is associated with insulin

resistance.]

~

~

Note: (this was explained by
the doctor, but | took the
explanation from Lippincott)

Insulin resistance increases with
weight gain and decreases with
weight loss, and excess adipose
tissue (particularly in the abdomen)
is key in the development of insulin
resistance. Adipose is not simply an
energy storage tissue, but also a
secretory tissue. With obesity,
there are changes in adipose
secretions that result in insulin
resistance.

/




B The complement in this slide:
These include secretion of proinflammatory cytokines such as interleukin 6 and tumor
necrosis factor-a by activated macrophages (inflammation is associated with insulin
resistance); increased synthesis of leptin, a protein with proinflammatory effects; and
decreased secretion of adiponectin, a protein with anti-inflammatory effects. The net
result is chronic, low-grade inflammation. One effect of insulin resistance is increased
lipolysis and production of FFA .FFA availability decreases use of glucose, contributing to
hyperglycemia, and increases ectopic deposition of TAG in liver (hepatic steatosis). FFA
also have a proinflammatory effect. In the long term, FFA impair insulin signaling. [Note:
Adiponectin increases FA B-oxidation. Consequently, a decrease in this adipocyte protein
contributes to FFA availability.] So, in an obese person, high amounts of free fatty acids
are because of increased adipose lipolysis and decreased beta-oxidation, and blood
glucose is high because of decreased uptake by muscles and adipose tissue.




1. Insulin resistance
and obesity

« Obesity causes insulin resistance.

« Most people with obesity and
insulin resistance do not develop
T2 diabetes

* Inthe absence of a defected beta
cells function, nondiabetic, obese
individuals can compensate for
Insulin resistance with elevated
levels of insulin

| ﬂ insulin level in blood B Glucose level in blog

Blood insulin rises from

Higher insulin basal levels after each meal. Blood glucose is
levels are required / / / kept within the
to control blood ‘ same narrow
glucose in the £ 120 -= Obese range thoughout
insulin-resistant, = == Normal the day in both - Obege
obese individual. 2 80 normal-weight - Noms
= and obese
' 2 ] individuals. w
= 40
0= - - -
A nggn g . mld1n?ght * 8 IR R Mlnzw {

Fioure 25.8
Blonainsuinznd glucose levels innormal-weight and obese subjects.

G Further explanation: Although obesity is the most common cause of insulin resistance and increases the risk of T2D, most

~

people with obesity and insulin resistance do not develop diabetes. In the absence of a defect in B-cell function, obese individuals
can compensate for insulin resistance with elevated levels of insulin. For example, Figure 25.8A shows that insulin secretion is two
to three times higher in obese subjects than it is in lean individuals. This higher insulin concentration compensates for the

diminished effect of the hormone (as a result of insulin resistance) and produces blood glucose levels similar to those observed in

lean individuals (Fig. 25.8B).




Insulin resistance and
T2 diabetes.

Polyuria, polydepsis, and some
polyphagia

Combination of insulin resistance and
dysfunction of beta cells.

Metabolic alteration is milder than T1D
with a restrain ketogenesis and DKA.

Diagnosis is based on hyperglycemia

Acute complication is hyperosmolar
hyperglycemic state characterized by
hyperglycemia and dehydration

i

Fasting glucose in untreated type 2 diabetes

AA
(mg/al)
88

g8

Diagnosis of dlabetoa) Years of diabetes

Insulin resistance, which diabetes initially show insulin dysfunction occurs, marked

Obese Individuals dove!op] Patients diagnosed with type 2 ] - Subsequently, f-cell

may precede the develop- resistance with compensatory by declining insulin secretion
ment of diabetes by 10 hyperinsulinemia. and worsening hyperglycemia.
250 - or more years.
7 g S
EE 150 - e —
s S ».
£ ‘i T T e ) e e TS
£ . ’
B L] e ———
2 g 50 Disanosisof dlabclesw Insulin levels in untreated type 2 diabotes T ————
o - - - - - -
o 5 10 15 20 25

-10 -5
Years of diabetes

Fizure 255
Progicusion of blooa glucose and insulin leveis in patients with type 2 diabetes.

Impaired

resistance WD (i eria »9""”" »"M»"""‘”""
+ O
Genetics
Genetics Glucose toxicity
Obesity Free fatty acid toxicity
ms“‘"’" SIS IMICROVASCULAR COMPLICATIONS (retinopathy, .
% ephrop
E MACROVASCULAR COMPLICATIONS (cardiovascular disease,
- stroke)

stage 3, B-cell dysfunction occurs, so there
will be a marked decrease in insulin and a
marked increase in glucose.

(. NOTE: Infigure 25.9, note that in stage 2,\
the glucose level is still not extremely high. At

J

Ficiire 25.10
Js=cal progression of type 2 diabetes.

[l NOTE: note the risk factors and the complications ]




Causes and effects of
Insulin resistance i

[ Oboflty 3]

« With obesity , adipose tissue secretes: P aatcios w athpess Sacratioen

» Tproinfalmmatory cytokines such as

-6 insulin resistance

> Tleptin-proinflammatory .

» |adiponectin-antiinfalmmatory oxtdation |

> Adiponectin increases FA oxidation .

. Effects of insulin resistance is ug’glp.ﬁoﬂgg.f::'ﬁge

» increased lipolysis and production of | 1
FFAS. Free '

] ::tgs [:i Ialood glucose
» FFAs decrease glucose consumption

leading to hyperglycemia and increase Figure 25.7
of TAG in liver(hepatic steatosis). Obesity, insulin resistance, and

hyperglycemia. [Note: Inflammation
also is associated with insulin

» FFAs are proinflammatory, and in long- resistance.]
term they suppress glucose-induced
insulin release



Metabolic changes in T2-D.

* Metabolic abnormalities are the result of insulin resistance
in liver, muscle, and adipose tssue.

1. hyperglycemia:

» Caused by increased hepatic production of glucose
combined with diminished peripheral use

_ )
B NOTE: Increased gluconeogenesis from
dietary amino acids to form pyruvate. Little of
pyruvate will be used to produce acetyl-CoA,
rather it is used in gluconeogenesis.

J

» No ketosis, because of insulin presence.
2. dyslipidemia: 1 VLDL, tchylomicrons, |HDL

4 )

B NOTE: Fatty acids from lipolysis from adipose Figura2511 AT i -
. . . m:u:a»rgmmn hpni &@;.Ey;&ms@“uﬂammsm.]
tissue, some will be oxidized to acetyl-CoA FORRSACO AR OM Sl H VERES W ow dasy Inopieie.

which will be used for ketogenesis, others will
be used to synthesize TAGs which will
packaged inside VLDLs.

\ J




Treatment of T2-D

» The goal is to maintain blood glucose concentration within normal limits and to prevent long term
complications,

1. Weight reduction

2. [Exercise

3. diet

4. Hypoglycemic agents: metformin(inhibits gluconeogenesis), sulfonylureas(increase insulin

secretion), thiazolidinediones(increase insulin sensitivity, a-glucosidase inhibitors(decrease
absorption), or insulin therapy.



[l NOTE: Ponder these figures well ]

- Little exercise
(=500 kcal/lweek)

E Moderate exercise
(500-1,999 kcal/woek)

Extensive exercise
(>2,000 kcal/weok)

=

enefits of an Improvement
Ivh;l:comlc control occurred over
the entire range of HbAc values.
Thus, any improvement in
glycemic control is beneficial.

)
S

Incidence of type 2 diabetes
(per 10,000 plyrs)
b
(«]

24
(Mean HbAje = 11% ol
o | TR r N
- 24-25.9
12} Body mass index
8% )
Obesity and sede
S ieSiyie Bromste
L. Siabecaent of type 2
O NecE AT A B ) &%
Length of follow-up (years) Figure 25.13

Effect of body weight a

on the deve Nnd exercise
diabetes lopment of pe 2

Figure 25.12

Relationship of glycemic control
and diabetic retinopathy. Hb =
hemoglobin.




Obesity



» Accumulation of excess body fat

» Obesity measure: waist size, measures the
amount of fat in the central abdominal area of
the body

e Waist size; Men <= 101.6 cm,
. Woman <=88.9 cm

B NOTE: The above are normal levels. (in the original slides,
signs were >, but the doctor corrected them in the lecture.

» Body mass index BMI:
« weight in kg/(height in meters):

* Healthy range; 18.5-24.9

(

B NOTE: For a person who weighs 70 Kg and his height is 170
cm, his BMI would be:

70/(1.7 m)"2=24.2

"

~

Body mass index
Height 18.5 25 30

6’5"
6'4" - S :
6'3” :.
6'2" -

61" K 3]

FaF T

-

5'11%
5'10%
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57 : i
5'6" : c:
- .~ -
3 . -

8's"

-
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5‘3.! L
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slo'l
4

2 T
"
.
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l..

-~
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50 75 125 150 175 200 225 250 27§

Weight (pounds)

Figure 26.1

Body mass index (BMI) Chart. To use
the BMI Chart, find height in the left-
hand column. Move across the row

to weight. Height and weight intersect
at the individual’s BMI. [Note: To
calculate BMI using inches and
pounds, use BMI = [weight in pounds/
(height in inches) ] =< 703.
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B The complement in this slide: This chart
correlates weight with height.
BMI=18.5-25 : healthy weight
BMI=25-30 : overweight
BMI>30 : obese

Body mass index
Helght 185 25 30

- -
- h
5

—

6’5"
6.4.
6'3"
6'2.
61"

e

i
. ..
511 =
5'10% -
-

il - &+ =
s'7" :. ~ %

56" 1
5's" - 2 3

» " : - .
5'4 B :
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sloll
e
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.
-
-

-
3
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-

-

- - “RE%
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50 75 125 150 175 200 225 250 275

Weight (pounds)
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Figure 26.1

Body mass index (BMI) Chart. To use
the BMI Chart, find height in the left-
hand column. Move across the row

to weight. Helght and weight intersect
at the individual’s BMI. [Note: To
calculate BMI using inches and
pounds, use BMI [weight in pounds/
(height in inches) 2] < 703.



Anatomic differences In fat
deposition

Upper body obesity:
-apple shape
-waist/hip>0.8 for women, >1.0 for men
Lower body obesity
-pear shape

-waist/hip<0.8 for women, ,<1.0 for
men

-lower risk of metabolic disease,
protective

80%-90% of stored fat is subcutaneous
10%-20%-visceral

Subcutaneous abdominal and visceral
fat increase health risks associates with
obesity.

~

~

NOTE: Obesity

depends on the
accumulation of lipids,
which could be in the
upper region or lower
region. Accumulationin
upper region poses a
higher risk of obesity-
related diseases than in
the lower region. Lipids
could be subcutaneous,
and visceral, with
abdominal lipids being
the most dangerous,
because when lipolysis
occurs, they will go
directly to the liver.

I

m Body shape

Location of abdominal
subcutaneous =ndad
visceral Tat

Subcutanecous fat

/

Visceral fat isy
packed in betweenaa‘deomina' cavity,

organs. Subcu internal
underneath thetas'?(?no_us fat is found




Biochemical differences in regional fat deposits

» Subcutaneous adipocytes from the lower body are larger, efficient in TG storage, and more slowly fatty acid
mobilization than abdominal subcutaneous adipocytes

 Visceral adipocytes are the most metabolically active

 Subcutaneous and visceral fat from obese individuals have high rate of lipolysis and high FFA
» Upper body obese have higher risk because of these metabolic differences

 Adipocytes produce protein regulators such as leptin and adiponectin hormones

> leptin : regulates appetite and metabolism. Increases as body weight increases (important)

» Adiponectin: reduces FFAs, improved lipid profile, increasing insulin sensitivity, and reduces inflammation in
diabetes. It decreases as body weight increases. (very important)

» FFAs and cytokines released from upper subcutaneous & visceral enter portal vein direct to liver , and lead to
insulin resistance, increased hepatic TG, VLDL, hyper TG

» By contrast FFAs from lower body enter general circulation and oxidized in muscle and reach the liver in
lower concentration.



» Obesity is due to combination of
increased fat cell size
(hypertrophy) and number(
hyperplasia)

« Ectopic fat: when excess fat cannot
fit in adipose tissue , will spill over
into other tissues (muscle and
liver)-insulin resistance

» With weight loss in obese
individual, the size of the fat cell
will decrease but the number is not
affected.

[. NOTE: Note the difference between
weight gain and loss.
Weight gain: increase in number and size of
adipocytes
\Weight loss: decrease only in size

~

Modest weight gain or loss in a non-
obese person mainly affects the size,
but not the number, of adipocytes.

] Weight gl
T gain
_a
————

Weight O
gain Pre-
adipocyte

When adipocytes
reach their maximum
size, further weight
gain is achieved by
recruitment and
proliferation of new

pre—gdlpocytes. Weight

gain

Weight

Weight loss occurs mainly by a
decrease in adipocyte size.

J

Figure 26.3

Hypertrophic (increased size) and
hyperplastic (increased number)
changes to adipocytes are thought
to occur in severe obesity.




Genetic contribution
to obesity

Identical twins have very similar
BMI

Adoptive children show body
weight that correlates with their
biologic rather than adoptive
parents

Mutation to leptin gene or its
receptor produce hyperphagia.

Most obese humans have elevated
leptin levels but appear to be
resistant to the appetite-regulating
effects of this hormone.

[ )

B NOTE: Genetics could
contribute to obesity, but also
the lifestyle. For example,
adoptive children could have
similar BMI due to the

\ similarities in lifestyle. /

Figure 26.6

A. Patient with leptin deficiency
before initiation of therapy at age
5 years. B. Patient at age 9 years
after 48 months of therapy with
subcutaneous injection of
recombinant leptin.

Figure 26.5

Identical twins with combined
weight of 1,300 pounds. Note
similarity in body shape.



secretion of leptin leads to control

centers in the brain, and the brain will

send signals to increase the appetite
\_ and to decrease energy expenditure.

(. NOTE: In undernourished individuals, A G NOTE: In overnourished individuals, the

number of adipocytes is large, so there will
be higher amounts of leptin sending signals
to the brain, and the brain will send signals
J to decrease appetite and increase energy

Y undernocurished 1

re
Insulin
\(// PANCREAS

% Ghrelin }
ADIPOSE == /
TISSUE — 7 p =

cCcK, PY\Y4

NTESTINE

expenditure. In obese people, leptin might
\ not work efficiently.

~

J

) Overmnowurishedcd

Aft‘;bro‘;:t oa}lcty N

:&-—-:l‘po- Efforemt sigrmaamis-:c
- Decresmasecd appaetite
= Iz ress nmy

- e iteares

s

INTESTINam

O ttresr fToactors (Neacsis sass Thies ssvmilmbility of
milatable, onoaragy-—<daonsme focciss smrscd grercar
et chofc“) rrrssnciimterct Dy oormglia>c
raazesranl p-lhw-y-

Figuare 26.7

Sorme sSignmaals thhat influence appetite
aAancd satiety . CCK = chholecystolkiminm,
Y Y = peptide Y



Molecular basis of
obesity

A. Long term signals: status of TAG

1. leptin: adipocyte peptide
hormone secreted in proportion
to size of the fat stores.

Describe panel A
Describe panel B

Insulin: obese individuals are
hyperinsulinemic

[} Undernourished

- ; lamus
.'/- . \
<77 '.‘:‘?' S/
I e D9 1
Afferent satiety =

and adiposity

signals Efferent signals:

’ - Increased appetite
» Decreased
e)qmm:lltureemwgy

Insulin
AN s
Ve
-, Y n—
Ghrelin |
ADIPOSE . :
TISSUE Lf o
/ ' STOMACH
CCK,PYY/ /

+=/__/INTESTINE

[E) Overnourished
—— - Hypothalamus
N =
o - \ > o
< )"
: f T ;,\/ |
2>
\ —
Aﬁderer}t sat'iety \
:{Ign:gpos vy Efferent signals:
» Decreased appetite
* Increased energy
expenditure

Ghrelin
R

e
ADIPOSE /.

:
~
._'-’"_

nssut-://’ STOMAC
ccK, Py / /
24 0 /INTESTINE

ood choices) mediated by complex
neural pathways

Other factors (such as the avallability of
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