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A world-wide epidemic of obesity



A world-wide epidemic of type 2 diabetes



Current paradigm of type 2 diabetes

Insulin resistance:

Metabolic Syndrome

Type 2 diabetes

Pancreatic β cell insufficiency

Calories intake >consumption 

(diet & sedentary life style)



Comparison of obesity prevalence



James WPT. J Int Med 2008

Comparison of increasing trend of obesity



Why??

�Rapid changes in lifestyle 

�Strong genetic susceptibility

-Prominent central obesity

-Early beta-cell failure

Yoon KH et al. Lancet 2006;368:1681-8

Comparison of prevalence of type 2 diabetes



Adipocyte

Lipophilic

xenobiotics

Lipophilic xenobiotics in adipose tissue, 

in particular Persistent Organic Pollutants (POPs), 

may be  a key�

Adipose tissue is not a pure organ anymore

in a modern chemical-contaminated society.



Not all of a sudden…

I was not a researcher in the field of 
environmental pollutants…..

I had never heard of POPs before   
Nov 2005…..

All hypotheses on POPs 
started with serum γ-glutamyltransferase



�What’s serum gamma glutamyltransferase (GGT)?

-Very well-known liver enzyme

- Conventionally, used as a marker of alcohol consumption or 

hepatobiliary diseases

- Easy and cheap measurement
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Lee DH, et al.  Diabetologia. 2003;46:359-64

Serum GGT strongly predicted type 2 diabetes in Korean men

Serum GGT (U/L)

Normal range of serum GGT!!!

Conventional interpretation

-Alcohol consumption

-Liver dysfunction



Lee DH, et al.  Diabetologia. 2003;46:359-64

Interaction between serum GGT and obesity 

on the risk of type 2 diabetes
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We were struck by these findings because….



�First, the strong dose-response relation !!

Serum GGT may be involved in a critical pathway of pathogenesis of 

type 2 diabetes

�Second, the reference range of serum GGT !!

Anything related to physiological function of serum GGT may be a 

key in the pathogenesis of type 2  diabetes

�Third, the interaction between obesity and serum GGT !!

Obesity may not be a true risk factor of diabetes. Something related 

to serum GGT may be more important

We were struck by these findings because….We were struck by these findings because.



Serum GGT predict metabolic syndrome: 
Framingham Heart Study
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Lee DH, et al.  Eur Heart J 2006;27:2170-6

Serum GGT predict coronary heart disease

Within normal range



Bots ML, et al.  J Epidemiol Comm Health 2002;56:i25-9

Serum GGT predict stroke

Within normal range



Lee DH, et al.  Clin Chem 2003;49:1358-66

Serum GGT predict hypertension

Within normal range



Serum GGT predict CVD incidence and total mortality: 
Framingham Heart Study

Lee DS, et al. Arterio Throm Vasc Biol 2007;27:127-133

Within normal range



Serum GGT predict chronic kidney disease 
: nonhypertensive & nondiabetic Korean men

Ryu S, et al. Clin Chem 2007;53:71-7
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Serum GGT predict cancer

Strasak AM, et al. Cancer Res 2008;68:3970-7
Within normal range



How can serum GGT within normal range    

predict various diseases with diverse   

pathophysiology in general population?? 



Cell membrane

Catalytic site

� Kidney (the highest activity) 

� Liver (1/5 of GGT activity in kidney)

� Pancreas

� Brain & spinal cord

� Prostate, epididymis, testis

� Intestine 

� leukocyte, lymphocyte, platelet

� Others…

Cellular 

GGT

Serum 

GGT

Back to an old biochemistry textbook: What is really GGT?
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Glutamate Cysteine Glycine
<Gamma-carboxyl Linkage> 

-Protect GSH from intracellular 

degradation by aminopeptidases

-Only GGT can break this linkage

GGT is an critical enzyme for glutathione (GSH) metabolism

GSH: the most abundant and important intracellular antioxidant



GGT is essential for intracellular GSH de novo synthesis

Cell membrane

Glutathione Cysteine Glycine

Intracellular space

Extracellular space

Glutathione

G
G
T

Glutamate

Catalytic site

Inside

Outside



Gamma-glutamyl cycling (from an old biochemistry textbook)



Free Radic Res 2004;38:535-9



Arterioscler Thromb Vasc Biol 2008;28:e26-8

Free Radic Res 2009;43:533-7



Cell membrane

xenobiotics

CYP450
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Phase I :
Biotransformation

De no vo 

synthesis xenobiotics

Excretion

Mainly, 
hydrophobic
electrophilic 
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Comparison of two concepts on GGT

Lee DH, et al. Diabetologia 2008:51:402-7

GSH



The hypothesis on GGT and xenobiotics means...

�The induction of GGT due to the exposure to xenobiotics is 

normal physiological response of our body for the excretion of 

xenobiotics, not any toxicity due to xenobiotics

�The GGT induction occurs at any dose of xenobiotics

�Therefore, epidemiological findings on serum GGT within 

normal range suggest the possible harmfulness of very low dose 

of mixed xenobiotics which we currently believe safe

★★★





� Exposure through food consumption, especially meat intake

� Associated with adipose tissue

� Metabolism by glutathione conjugation

� Associated with an increase of serum GGT 

� If any, it can be diabetogenic in in-vitro experiments

THEN.the answer is..

What kinds of xenobiotics can explain the association 

between serum GGT and type 2 diabetes? 

Considering previous epidemiological findings on serum GGT, 

they need to satisfy several conditions….



� POPs include hundreds of different chemical compounds with common 

properties

- long term persistence in the environment

- bioaccumulation in fatty tissues of living organisms

- travel long distances in global air and water current

� Main groups of POPs 

- Organochlorine pesticides (OC pesticides)

- Polychlorinated biphenyls (PCBs)

- Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFs)

� POPs are detectable in virtually all of the general population

� Humans are generally exposed to POPs through their food consumption

Banned

Banned
Strictly 

regulated

What are Persistent Organic Pollutants (POPs)?



1920 1930    1940    1950  1960  1970    1980      1990    2000    2010

1st generation

:widely exposed 

postnatally

1st generation

widely exposed 

pre- & postnatally

POPs 

commercially 

introduced

POPs 

widely used
Most POPs 

were banned

in developed 

countries

1st generation with 

wide pre- & post-natal

exposure produces 

the 2nd generation

2nd generation 

produces 

the 3rd generation

POPs 

are still being used 

in developing 

countries

Chronology of human exposure to POPs



Exposure to POPs begins at conception and continued 

during gestation and breastfeeding....



Bioaccumulation of POPs in food chains
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POPs are endocrine disrupters

What are endocrine disrupters? 

Any exogenous chemical which can interfere 

the synthesis, secretion, transport, binding, 

action, or elimination of any natural hormone

Our body is essentially a communication 

network that  consists of hormones, 

the glands that produce them, and receptors



� Reproduction

� Growth/development

� Metabolic function and equilibrium

� Immune system
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Endocrine  system regulates..

Development of many chronic diseases including metabolic 

syndrome, diabetes, autoimmune diseases, and cancer



Steroid
Vitamin D
Retinoic acid

NR

HRE

Growth factors
Insulin 
Cytokines

Second messenger

Nuclear receptor vs. membrane receptor



Chawla A et al. Science 2001;294:1866-70

Nuclear receptor superfamily

Cytochrome P450



� Polychlorinated Dibenzo-p-dioxins (PCDDs) 

� Polychlorinated Dibenzofurans (PCDFs)

� Dioxin-like PCBs

� Non-dioxin-like PCBs

� Organochlorine Pesticides

6 POPs which were detected among ≥ 80% of subjects 

• 2,2’,4,4’,5,5’-hexachlorobiphenyl (PCB153) 

• 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin

• 1,2,3,4,6,7,8,9-octachlorodibenzo-p-dioxin

• oxychlordane

• p,p’-DDE 

• trans-nonachlor

NHANES 1999-2002: measurement of 50 POPs 
in the U.S. general population

: banned in several decades ago

: banned in several decades ago
: banned in several decades ago

: banned in several decades ago
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† Adjusted for age, race, sex, poverty income ratio, body mass index, and waist circumference

Lee DH, et al. Diabetes Care 2006;29;1638-44
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Associations between individual POPs and diabetes
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Summary measure of 6 POPs and diabetes



† Adjusted for age, race, sex, poverty income ratio, body mass index, and waist circumference

Lee DH, et al. Diabetes Care 2006;29;1638-44
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Commentary in Lancet :

Persistent organic pollutants and the burden of diabetes

Porta M. Lancet 2006;368:558-9



POPs and insulin resistance among non-diabetes

Lee DH, et al. Diabetes Care 2007;30;622-8
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POPs and metabolic syndrome among non-diabetes



Lee DH, et al. Diabetes  2008;57:3108-11
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Critiques

Q1 : Previous studies with high exposure to several selected POPs in 

occupational or accidental settings showed inconsistent or only weak 

associations. 

When high dose exposure did not show clear associations, how could 

low dose exposure show such strong associations?

Q2 : Body burden of chlorinated POPs in human has been decreasing 

during recent several decades, but type 2 diabetes is currently epidemic

How this kind of discrepancy of time trend is possible, if chlorinated 

POPs are really important in the pathogenesis of type 2 diabetes?



First explanation: Dose? Duration? Time?

High dose exposure 

during an adult period

Low dose exposure 

during a life time



Low dose effects of POPs as endocrine disruptors??

First explanation: Dose? Duration? Time?

Myers JP, et al. Environ Health Perspect 2009;117:1652-5

Below NOAEL
(허용기준)



Lee DH, et al. Diabetes Care 2006;29;1638-44
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Second explanation: Interaction with obesity??



Second explanation: Interaction with obesity??

Inflammation is host Protective response to  

xenobiotics

Proinflammatory status  

of adipose tissue



Evidence from recent prospective studies :

a nested case control CARDIA study

1985     1987      1990   1992        1995                  2000                     2005

Measurement:

Organochlorine pesticides

PCBs

Diabetes (-)  No.=90

Diabetes (+)  No.=90
At baseline:

No diabetes

Lee DH et al. Environ Health Perspectives 2010

In collaboration with 

University of Minnesota: Jacobs DR, Steffes M

National Center for Environmental Health, CDC: Sjodin A, Jones RS, Needham LL
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Inverted U-shaped
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Why different dose response curves between the two studies?

CARDIA study NHANES study
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Different dose response curves in human studies

Hypothetical concentration of chemical X
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Possible mechanisms??

Wolff et al. classification of PCBs

Group 1A Weak PB-type inducers, not persistent

Group 1B Estrogenic, weak PB-type inducers, 

persistent:

Group 2A Antiestrogenic, immunotoxic, dioxin-

like, moderately persistent

Group 2B Antiestrogenic and immunotoxic, 

dioxin-like, persistent

Group 3 PB-type inducers, persistent: 

Key common property: Persistency

Lee DH et al. Environ Health Perspectives 2010



POPs and obesity, dyslipidemia, and insulin resistance

1985     1987      1990   1992        1995                  2000                     2005

Measurement:

Organochlorine pesticides

PCBs

Lee DH et al. PLoS One 2011;6:e15977

•BMI

•Triglyceride

•HDL-cholesterol

•LDL-cholesterol

•HOMA-IR

Study subjects: 90 subjects without diabetes

(controls of the nested case control study)                              

Chlorinated POPs predicted 

(1) Obesity

(2) High triglyceride 

(3) Low HDL-cholesterol 

(4) Insulin resistance
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Calories 

out

Calories 

in

Weight gain

Current paradigm on obesity



Baillie-Hamilton PF. J Altern Complement Med 2002;8:185-192

Chemical 

production

Obesity trend



•Organochlorine pesticides: DDT, Lindane, Hexachlorobenzene, Atrazine
(Chadwick et al, 1988; Deichmann et al, 1972; Deichmann et al, 1975; Dorgan et al, 1999; Hovinga et al, 1972;

Stellman et al, 1997; Takahama et al, 1972; Villeneuve et al, 1977)

•Organophosphates
(Breslin et al, 1996; Cranmer et al, 1978; Nicolau et al, 1983; Trankina et al, 1985)

•Carbamates
(Walker et al, 1994; Yen et al, 1984)

•PCBs
(Clark, 1981; Dar et al, 1992; Hovinga et al, 1993)

•Xenoestrogens: DES, Bisphenol A, Genistine
(Ashby et al, 1999;Howdeshell et al, 1999)

•Phthalates
(Ema et al, 1990; Field et al, 1993;Lamb et al, 1987)

•Heavy metals: Cadmium, Lead
(Antonio et al, 1999; Hovinga et al, 1993)

•Solvents
(Chu et al, 1986; Gaworski et al, 1985; Hardin et al, 1987; Moser et al, 1995; Wahlberg and Boman, 1979)

• Low dose exposure to chemicals → weight gain 

• High dose exposure to chemicals → weight loss



Bruce Blumberg, Ph.D.

University of California, Irvine

Chemicals that inappropriately 

stimulate adipogenesis and fat storage

Grun F & Blumberg B. Endocrinology 2006;147:S50-5





� Arsenic

� Bisphenol A

� Organotins and Phthalates

� Maternal smoking during pregnancy / Nicotine

� Pesticides

� Persistent Organic Pollutants: the clearest human 
evidence

Target chemicals in the NTP workshop



More capacity which can 

store lipophilic chemicals 

in a relatively safe way

If the same amount of lipophilic chemicals present.



25

30

35

40

45

50

55

wt loss
++

wt loss
+

stable wt gain
+

wt gain
++

S
e
ru
m
 l
e
v
e
l 
(n
g
/g
 l
ip
id
) 

PCB180

r=-0.20 (p<0.01)

Lim JS et al. Int J Obesity 2011;35:744-7

wt change for 10years

wt change for 1year



Better survival among overweight or obese patients

- Coronary heart disease

- Congestive heart failure

- Chronic kidney disease

- Hemodialysis

- Cancer

- Chronic lung disease

- Hypertension

- AIDS

- Elderly..



Romero-Corral A et al. Lancet 2006;368:666-78

�40 cohort studies: 250,152 CHD patients



Lavie CJ et al. The American Journal of Medicine 2009;122:1106-14

� 529 CHD patients in cardiac rehabilitation and exercise training program

Weight 

loss (+)

Weight 

loss (-)



Hong NS et al. Int J Obe (in submission)
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by Greenpeace

� For example, two big 

countries where still produce 

DDT in the world or very 

recently banned 

1. India

2. China

Some OC pesticides are still used or had recently used in 

in developing countries



DDT is currently used for the control of malaria

in tropical and subtropical areas



PCBs and dioxin-like compounds are being dumped or 

produced in developing countries through e-wastes



Zimmet P, et al. Nature 2003;290:1884-90

Areas with a more salient epidemic of diabetes

= OC pesticides using areas ?

= E-wastes dumping areas ?

Areas with a more salient epidemic of type 2 diabetes



Low dose POPs may play a role 

in the current epidemic of type 2 diabetes

Insulin resistance

Type 2 diabetes

Pancreatic β cell dysfunction

POPs

Calories intake >>consumption , 

POPs

POPs

POPs

+other chemicals

+other chemicals

+other chemicals

+other chemicals

Current paradigmNew paradigm

General populations are simultaneously exposed 

to a mixture of various low dose POPs and other 

chemicals from environment



Diabetes 

Gall bladder disease

Hypertension

Dyslipidemia

Insulin resistance

Breathlessness

Sleep apnea

Greatly increased

(relative risk >>3)

Coronary heart disease

Osteoarthritis (knees)

Hyperuricemia and 
gout

Cancer (breast cancer in 
postmenopausal women, 
endometrial cancer, colon 
cancer)

Reproductive hormone 
abnormalities

Polycystic ovary 
syndrome

Impaired fertility

Low back pain

Increased anesthetic risk

Fetal defects arising 
from maternal obesity 

Moderately increased

(relative risk  2-3)

Slightly increased

(relative risk 1-2)

Under the current paradigm, obesity-related diseases

Obesity-related diseases 

or 

POPs-related diseases???



Insulin 

signaling

pathway

Is current medical approach really reasonable?

?
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