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Even though obesity is a well-established risk factor of type 2 diabetes, there is emerging evidence that persis-
tent organic pollutants (POPs), a variety of lipophilic chemicals accumulated in adipose tissue, may be critically 
involved in the pathogenesis of type 2 diabetes. Among various POPs, serum concentrations of organochlorine 
pesticides and polychlorinated biphenyls (PCBs) were the most strongly and consistently linked to type 2 dia-
betes in both cross-sectional and prospective studies. In particular, obesity did not seem to be related to type 2 
diabetes among persons with very low serum concentrations of POPs, suggesting a more fundamental role of 
chlorinated POPs in the pathogenesis of type 2 diabetes. These POPs were also associated with obesity, insulin 
resistance, and adverse lipid profiles like high triglyceride and low high-density lipoprotein (HDL) cholesterol 
among persons without diabetes, all metabolic dysfunctions commonly observed before developing type 2 dia-
betes. Recent animal studies supported the findings from epidemiological studies. If all these findings on POPs 
are true, it suggests that any effort to reduce the external and internal exposure to POPs would be necessary to 
decrease the social burden of type 2 diabetes.
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Type 2 diabetes is one of the most common chronic diseases 
in both developed and developing countries and continues to 
increase in numbers and significance as economic development 
and urbanization lead to changing lifestyles. Type 2 diabetes is 
usually associated with obesity, physical inactivity, older age, or 
family history of diabetes. Among known risk factors, obesity is 
the most important and well-established one. However, there is 
emerging evidence that persistent organic pollutants (POPs) ac-
cumulated in adipose tissue, rather than obesity itself, may be 
critically involved in the pathogenesis of type 2 diabetes. 

POPs are a group of chemicals with common properties such 
as lipophilicity and persistence. The examples of POPs are poly-

chlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, 
polychlorinated biphenyls (PCBs), and organochlorine (OC) 
pesticides. Although most chlorinated POPs such as PCBs and 
OC pesticides were banned several decades ago and dioxins are 
strictly regulated in most developed countries, the general pop-
ulation is currently exposed to these chemicals through food 
consumption because they have widely contaminated our food 
chain, especially fatty animal food. In addition, POPs which were 
accumulated in adipose tissue from previous high exposure are 
a source of internal exposure as they keep being release from 
adipose tissue to circulation and reach critical organs.

In a cross-sectional study among the U.S. general population 
published in 2006, serum concentrations of chlorinated POPs 
were strongly associated with the prevalence of type 2 diabetes 
[1]. After adjusting for established risk factors of type 2 diabe-
tes, the prevalence of type 2 diabetes was 15 to 40 times higher 
among subjects with detectable concentrations of chlorinated 
POPs compared to those with very low concentrations of chlo-
rinated POPs. In addition, the associations became stronger as 
people were obese. Although chlorinated POPs with dioxin pro-
perties have been known as the most toxic chemical, OC pesti-
cides and PCB congeners, rather than dioxins, were more strong-
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ly associated with type 2 diabetes. Particularly, it was unexpect-
ed that obesity was not related to type 2 diabetes among per-
sons with very low concentrations of POPs and diabetes itself 
was rare even among the obese, suggesting a more fundamen-
tal role of chlorinated POPs in the pathogenesis of type 2 dia-
betes [2]. In following studies, serum concentrations of these 
POPs were also associated with insulin resistance and adverse 
lipid profiles like high triglyceride and low high-density lipo-
protein cholesterol among persons without diabetes, which are 
all metabolic dysfunctions commonly observed before develop-
ing type 2 diabetes [3,4]. 

However, these findings seemed to be puzzling because the 
body burden of chlorinated POPs has declined worldwide over 
the recent several decades after banning of production and us-
age in most developed countries while type 2 diabetes show a 
recent worldwide epidemic. If chlorinated POPs are really im-
portant in the development of type 2 diabetes, how is this kind 
of mismatch of time trend possible? Our explanation on this is-
sue was that a low dose but persistent exposure might be more 
harmful than high dose exposures if chlorinated POPs are in-
volved in the pathogenesis of type 2 diabetes as endocrine dis-
ruptors. 

Larger effects from low dose exposure than high dose expo-
sure have been proposed as possible biological responses of 
chemicals with endocrine disrupting properties [5]. It is differ-
ent from traditional toxicology, which assumes a linear dose-re-
sponse relation. In fact, POPs are well-known endocrine disrup-
tors. In biological systems, there is a linear dose-response rela-
tion only up to a dose that occupies about 10% of receptors. As 
doses of hormone further increases, the occupancy rate does 
not linearly increase. In addition, a linearity of biological re-
sponse is observed at much lower doses of hormones than that 
showing linearity with receptor occupancy. Under the high dose 
exposure of hormones, there is even down-regulation of recep-
tors as the dose further increases [6]. Thus, chemicals with en-
docrine disrupting properties can make inverted U dose-respon-
se curves with certain biological endpoints. 

These cross-sectional associations were recently confirmed by 
several prospective studies, even though the kinds of individual 
POPs predicting type 2 diabetes and the shapes of the dose-re-
sponse curves were not exactly the same among the studies [7-
10]. Also, some OC pesticides and PCBs predicted insulin resis-
tance and dyslipidemia among persons without type 2 diabetes 
[8]. One recent animal study strongly supported the findings 
from epidemiological studies. Rats exposed to POPs through 
the consumption of fish oil contaminated with various POPs 
developed dyslipidemia, hepatosteatosis, and insulin resistance 
[11]. Also, POPs down-regulated insulin-induced gene-1 and 
Lpin1, two master regulators of lipid homeostasis [11]. 

Importantly, the prospective studies among young adults 

showed clear inverted U-shaped associations [8,9]. In the situa-
tion of inverted U-shaped associations, it is crucial to note that 
the dose-response curve in human studies can vary depending 
on the distribution of chemicals of a specific population. The 
whole range of inverted U-shaped associations can be observed 
only when the study population has a wide range of concentra-
tions of the chemical ranging from very low doses to very high 
doses. Usually, it is well known that the extent of contamina-
tion of a specific chemical greatly varies among different coun-
tries and different time periods or different sites of one country. 

Another interesting finding was that some POPs even pre-
dicted future obesity [8]. Consistent with the human finding, 
the animal study also showed that rats exposed to POPs clearly 
developed visceral obesity [11]. At present, the worldwide epi-
demic of obesity is attributed to both a high calorie diet and a 
sedentary lifestyle. However, some of the numerous environ-
mental pollutants that cause disturbance of endogenous hor-
monal regulation involved in weight homeostasis have been re-
cently proposed as possible risk factors for obesity, referred to 
as environmental obesogens [12]. Although current available 
evidence has been mostly based on animal experiments focus-
ing on effects of fetal exposure to chemicals, we expect more 
human evidence in the near future. 

In conclusion, the results from a series of recent studies strong-
ly suggest that environmental exposure to some chlorinated 
POPs may be involved in the increased risk of type 2 diabetes, 
as well as obesity and other obesity-related metabolic distur-
bances. If all these findings on POPs are true, it means that any 
effort to reduce the external and internal exposure to POPs 
would be necessary to decrease the social burden of type 2 dia-
betes. 

ACKNOWLEDGEMENTS

This work was partly supported by a grant (11162KFDA702) 
from Korea Food & Drug Administration in 2011. 

REFERENCES

1.	Lee	DH,	Lee	IK,	Song	K,	Steffes	M,	Toscano	W,	Baker	BA,	et	al.	A	
strong	dose-response	relation	between	serum	concentrations	of	per-
sistent	organic	pollutants	and	diabetes:	results	from	the	National	
Health	and	Examination	Survey	1999-2002.	Diabetes	Care	2006;	29:	
1638-1644.

2.	Porta	M.	Persistent	organic	pollutants	and	the	burden	of	diabetes.	
Lancet	2006;	368:	558-559.

3.	Lee	DH,	Lee	IK,	Jin	SH,	Steffes	M,	Jacobs	DR	Jr.	Association	be-
tween	serum	concentrations	of	persistent	organic	pollutants	and	insu-
lin	resistance	among	nondiabetic	adults:	results	from	the	National	
Health	and	Nutrition	Examination	Survey	1999-2002.	Diabetes	Care	



3

Lee D-H : Persistent Organic Pollutants and Diabetes

2007;	30:	622-628.
4.	Lee	DH,	Lee	IK,	Porta	M,	Steffes	M,	Jacobs	DR	Jr.	Relationship	be-
tween	serum	concentrations	of	persistent	organic	pollutants	and	the	
prevalence	of	metabolic	syndrome	among	non-diabetic	adults:	re-
sults	from	the	National	Health	and	Nutrition	Examination	Survey	
1999-2002.	Diabetologia	2007;	50:	1841-1851.

5.	Welshons	WV,	Thayer	KA,	Judy	BM,	Taylor	JA,	Curran	EM,	vom	
Saal	FS.	Large	effects	from	small	exposures.	I.	Mechanisms	for	en-
docrine-disrupting	chemicals	with	estrogenic	activity.	Environ	Health	
Perspect	2003;	111:	994-1006.

6.	Medlock	KL,	Lyttle	CR,	Kelepouris	N,	Newman	ED,	Sheehan	DM.	
Estradiol	down-regulation	of	the	rat	uterine	estrogen	receptor.	Proc	
Soc	Exp	Biol	Med	1991;	196:	293-300.

7.	Lee	DH,	Lind	PM,	Jacobs	DR	Jr,	Salihovic	S,	van	Bavel	B,	Lind	L.	
Polychlorinated	biphenyls	and	organochlorine	pesticides	in	plasma	
predict	development	of	type	2	diabetes	in	the	elderly:	the	prospective	
investigation	of	the	vasculature	in	Uppsala	Seniors	(PIVUS)	study.	
Diabetes	Care	2011;	34:	1778-1784.

8.	Lee	DH,	Steffes	MW,	Sjödin	A,	Jones	RS,	Needham	LL,	Jacobs	DR	
Jr.	Low	dose	organochlorine	pesticides	and	polychlorinated	biphe-
nyls	predict	obesity,	dyslipidemia,	and	insulin	resistance	among	peo-
ple	free	of	diabetes.	PLoS	One	2011;	6:	e15977.

9.	Lee	DH,	Steffes	MW,	Sjödin	A,	Jones	RS,	Needham	LL,	Jacobs	DR	
Jr.	Low	dose	of	some	persistent	organic	pollutants	predicts	type	2	di-
abetes:	a	nested	case-control	study.	Environ	Health	Perspect	2010;	
118:	1235-1242.

10.	Turyk	M,	Anderson	H,	Knobeloch	L,	Imm	P,	Persky	V.	Organochlo-
rine	exposure	and	incidence	of	diabetes	in	a	cohort	of	Great	Lakes	
sport	fish	consumers.	Environ	Health	Perspect	2009;	117:	1076-1082.

11.	Ruzzin	J,	Petersen	R,	Meugnier	E,	Madsen	L,	Lock	EJ,	Lillefosse	H,	
et	al.	Persistent	organic	pollutant	exposure	leads	to	insulin	resistance	
syndrome.	Environ	Health	Perspect	2010;	118:	465-471.

12.	Grün	F,	Blumberg	B.	Perturbed	nuclear	receptor	signaling	by	envi-
ronmental	obesogens	as	emerging	factors	in	the	obesity	crisis.	Rev	
Endocr	Metab	Disord	2007;	8:	161-171.


