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Abstract

Prevalence of diabetic neuropathy is increasing at high
speed despite of significant progress in its pathogenesis
and its etiologies suggesting the requirement of a non-
traditional risk factor for the development of diabetic
neuropathy. Environmental chemicals could be one of the
reasons behind the development of diabetic neuropathy
as many environmental chemicals are known to be
positively associated with hyperglycemia and diabetes.
Therefore, in this mini-review, we have listed some of the
epidemiological studies which show the occurrence of
diabetes on pesticide exposure. We have also listed
epidemiological studies where exposures of different
classes of pesticides are known to induce neuropathy in
the exposed population. This study provides substantial
evidence that exposure to pesticides might lead to
development of diabetic neuropathy. Although, at
present, there are no studies available which suggests
exposure to pesticide may induce diabetic neuropathy.
Therefore, future studies in this direction will be helpful in
evaluating as well as elucidating the mechanism behind
pesticide-induced diabetic neuropathy.
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Introduction
Diabetes is a metabolic disorder affecting around 425

million people living in the world in 2017, and these number is
expected to increase up to 629 million in 2045 [1]. Diabetes
occurs when there is a deficiency of insulin (Type 1 diabetes)
or when the body is unable to use the available insulin, i.e.,
insulin resistance (Type 2 diabetes). As a result, blood glucose
increases and resulting in the hyperglycemic state [1,2]. As a
consequence of this, first symptoms that appear in diabetic
individuals are polydipsia (excessive thirst), polyphagia
(increased hungriness), and polyuria (excessive urination)
along with hyperglycemia. Also, several short-term

complications are also observed in diabetic individuals like
diabetic keto-acidosis (increased ketone bodies in the blood;
occurs especially in extreme hyperglycemic condition) and
diabetic coma (in extreme hypoglycemic condition). However,
when the hyperglycemic condition persists for a longer
duration; it may lead to several diabetes-associated
microvascular (nephropathy, retinopathy, sexual dysfunction,
neuropathy) and macrovascular (cardiomyopathy,
cardiovascular disease etc.) complications [3-5]. Out of the
listed diabetic complications, in this review; we are mainly
focused on diabetic neuropathy, a disorder associated with the
nervous system in diabetes. We have also included some
organophosphate pesticides which may cause diabetes and
diabetic neuropathy.

Neuropathy
Neuropathy is a disease where nerves get damaged or

disrupted in the brain. In most of the cases, peripheral nerves
which include motor, autonomic and sensory nerves get
affected, and therefore it is also known as peripheral
neuropathy. Neuropathy can be classified based on the
peripheral nerves getting affected: Sensory neuropathy, motor
neuropathy and autonomic neuropathy. Neuropathy can be
further classified based on the number of nerves getting
affected. For instance, mononeuropathy, single peripheral
nerves get damaged either due to traumatic injury or
polyneuropathy, nerves present in different body parts get
damaged [6]. The prevalence of neuropathy is about 2.4%;
however, this number increases up to 8% in the population
having age more than 55 years [7]. There are different
causative factors that cause neuropathy and out of which
diabetes is one of the most important risk factors for
neuropathy.

Diabetic neuropathy
In diabetic neuropathy, there are microvascular injuries in

the small blood vessels which connect arteries with the
peripheral nerves. As a result, in diabetic neuropathy, it can
affect all the organs and organ systems that are innervated.
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The diabetic neuropathy is the most common complication
and one of the prominent reasons of morbidity and mortality
among the diabetic patients of the western world.
Epidemiological studies suggest 30% prevalence of diabetic
neuropathy across the globe implicating the seriousness the
disease has over the individual life [8,9]. While the prevalence
of neuropathy in non-diabetic individuals is 2% [10,11] and it
increases to 15% in people having age more than 40 years [12].
These suggest diabetes has a profound effect on the
occurrence of neuropathy. Therefore, it is important to
understand the reason behind the cause of diabetic
neuropathy, which warrants serious attention in the present
time.

Pesticides and diabetic neuropathy
Pesticides are group of chemicals and used for the

destruction of insects, weeds, fungi, bacteria etc. They are
called as insecticides, fungicides, bactericides or rodenticides.
Classification of pesticides is based on their origin: 1. chemical
pesticides i.e., organochlorine, organophosphate etc., 2.
biopesticides i.e., bacteria, fungi, plants, agriculture, domestic,
public health etc.

Hyperglycemia is the most prominent risk factor associated
with diabetic neuropathy [9]. In the current scenario,
production of chemicals increases tremendously and
simultaneously the prevalence of diabetes is also high
suggesting a positive co-relation between the chemical
exposure and prevalence of diabetes [13]. Therefore, it is
important to understand the mechanism as well as preventive
steps required to prevent development of diabetes and
diabetic neuropathy. Various environmental chemicals are
reported that may be causative agent for diabetes or increases
substantial levels of glucose in the blood may also lead to the
development of diabetic neuropathy [14,15]. Different classes
of environmental chemicals are present in the environment,
includes pesticides, chemical contaminants, nutritional
ingredients, metals, organic solvents, pharmaceutical drugs
and so on. Out of the available environmental chemicals,
epidemiological studies conducted across the world have
shown occupational exposure to the pesticide is one of
environmental chemicals having a positive association with the
onset of diabetes and neuropathy in the exposed populations.

Table 1 List of some epidemiological studies showing positive co-relation between pesticides exposure with diabetes.

Pesticides Population Location References

Herbicides (2,4,5-T; 2,4,5-TP; atrazine; or
butylate) and insecticides (diazinon, phorate,
or carbofuran)

Pesticide applicators women Iowa and North
Carolina Saldana et al. [16]

Aldrin, chlordane, heptachlor, dichlorvos,
trichlorfon, alachlor, and cyanazine Pesticide applicators non-Hispanic White males Iowa and North

Carolina Montgomery et al. [17]

PCBs (15), p,p′-DDE, p,p′-DDT People fromthe heavily pollutedareas recruited by
the primary care physicians Slovakia Ukropec et al. [18]

PCB-153, p,p′-DDE WHILA cohort (1995–2000) Sweden Rignell-Hydbom et al. [19]

PCB-153, p,p′-DDE Fishermen andtheir wives fromthe Swedisheast
coast Sweden Rylander et al. [20]

Total PCB Yu Cheng cohort (1993–2003) Taiwan Wang et al. [21]

Total PCB, PCB-153,

PCB-74, DDE, HCB
Mohawk adults (one adult/household) USA Codru et al. [22]

p,p′-DDT, p,p′-DDE,

β-HCH, oxychlordane,

trans-nonachlor

HHANES (1982–1984), Hispanic Americans USA Cox et al. [23]

PCB-126, p,p′-DDT NHANES (1999–2002) USA Everett et al. [24]

Organophosphate pesticides (fonofos, phorate
and parathion), organochlorine pesticide
(dieldrin) and Herbicide (2,4,5-T)

Agricultural Health Study: Eives of farmers Iowa and North
Carolina Starling et al. [25]

Organophosphates (OPs), organosulfurs
(OSs), organonitrogens (ONs) and pyrethroids
(PYRs)

Farmer China Huang et al. [26]

Table 2 List of pesticides having a positive association with the occurrence of neuropathy based on epidemiological studies.

Pesticide Population Location References

Organophosphate pesticides Agricultural workers Italy Lotti and Moretto [28]
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Malathion (Organophosphate insecticide) Suicides Turkey Ergun et al. [29]

Organophosphorous agents Chemical warfare Iran Holisaz et al. [30]

Sarin (Organophosphorous agent) Terrorist activity Japan Yokoyama et al. [31]

Ortho-cresyl phosphate

(Organophosphorous agent)
Cooking oil Morocco Smith and Spalding [32]

Tri-ortho-cresylphosphate (Organophosphorous agent) Cooking oil South Africa Susser and Stein [33]

Tri-ortho-cresylphosphate (Organophosphorous agent) Cooking oil Sri Lanka
Senanayake and

Jeyaratnam [34]

Tri-ortho-cresylphosphate (Organophosphorous agent) Beverage production (alcohol during
Prohibitionera) United States Aring [35]; Morgan and

Penovich [36]; Woolf [37]

Epidemiological studies conducted in China, it was found
that exposures to various pesticides were associated with
hyperglycemia as well as damage in the nerves was observed
in the farmers exposed to pesticides [26]. The epidemiological
studies mentioned in the table as well as pesticides have
ability to induce hyperglycemia, diabetes and ultimate cause
diabetic neuropathy. Although, detailed experimental studies
are required to validate the role of pesticides exposure in
inducing diabetic neuropathy.

Probable mechanisms behind pesticide-induced diabetic
neuropathy

In general, for the occurrence of a diabetic complication,
these are five proposed pathway which hyperglycemia
induces: activation of increased polyolpathway flux, increased
advanced glycation end-product (AGE) formation; activation of
protein kinase C (PKC) isoforms, increased oxidative stress and
increased hexosamine pathway flux [38]. And, these pathways
are also implicated in the development of diabetic neuropathy
[39,40]. Therefore, in this review, we have briefly described
two pathways mostly studied in diabetic neuropathy.

Polyol pathway activation: It is the most studied
mechanism in diabetic neuropathy. In this, excess glucose
present in the circulation is taken up by the nerve cells, and it
converts glucose into sorbitol through an enzyme, aldose
reductase. Since sorbitol cannot cross cytoplasm, it
accumulates inside the cytoplasm and increases intracellular
hyperosmolarity and thereby cell lysis [41,42]. However, this is
not observed in all diabetic neuropathy cases [43]. Later, it was
also observed that for the compensation of osmotic
imbalances, efflux of myoinositol, adenosine and taurine take
place. Since, myoinositol is a required for adenosine
triphosphate (ATP) production, and if myoinositol is not
available, then there will be decrease ATP production leading
to reduce activity of sodium/potassium(Na/K) ATPase and
protein kinase C (PKC) [44,45]. Hence, increased polyol
pathway flux will impair normal nerve physiology [46].

Advanced glycation end-product (AGE) formation: In
hyperglycemic condition, there is the non-enzymatic reaction
in which glucose gets attached to amino groups of protein to
form Amadori products, through Maillard reaction [47]. As a
consequence of this, it impairs the biological function of
proteins and may cause cellular damage [48]. Extracellular

AGEs bind with it cell surface receptorRAGE (Receptor for AGE)
and activates inflammatory signaling and NADPH oxidases, and
thereby generates oxidative stress [49]. While in a chronic
condition, it also activates nuclear factor-kB (NF-κB) [50] AGE
accumulation is reported in the peripheral nerves of diabetic
neuropathy patients [51].

Till date, very limited mechanistic studies and even the
limited number of pesticides have been examined to see the
influence of pesticide exposure on the development of
diabetes-induced neuropathy and therefore it warrants detail
investigation.

Future Directions
In this diabetic era, each environmental chemical might

have the ability to cause diabetes and thereby diabetic
neuropathy. As the occurrence of diabetic neuropathy is
increasing tremendously, it is utmost essential to evaluate and
elucidate the mechanism behind environmental chemicals
induced diabetic neuropathy as the data reviewed here
suggest only a plausible factor behind increase prevalence of
diabetic neuropathy. Once the mechanism is identified, it will
be helpful to decrease the burden of diabetic neuropathy.

Acknowledgments
SA acknowledges financial assistance received from SERB-

NPDF, DST, New Delhi to cover a part of the work and RP
acknowledges financial assistance received from UGC, New
Delhi. HG acknowledges UGC, New Delhi for financial
assistance as fellowship.

References
1. IDF Diabetes Atlas (2017) 8th edn.

2. World Health Organization (2014).

3. Bonner-Weir S (2000) Islet growth and development in the
adult. Journal of Molecular Endocrinology 24: 297-302.

4. Kahn BB (1998) Type 2 diabetes: when insulin secretion fails to
compensate for insulin resistance. Cell 92: 593-596.

5. Rhodes CJ (2005) Type 2 diabetes a matter of β-cell life and
death?. Science 307: 380-384.

Journal of Toxicological Analysis
Vol.1 No.1:4

2018

© Copyright iMedPub 3



6. England JD, Asbury AK (2004) Peripheral neuropathy. The Lancet
363: 2151-2161.

7. Martyn CN, Hughes RAC (1997) Epidemiology of peripheral
neuropathy. Journal of Neurology, Neurosurgery, and Psychiatry
62: 310-318.

8. Maser RE, Steenkiste AR, Dorman JS, Nielsen VK, Bass EB, et al.
(1989) Epidemiological correlates of diabetic neuropathy: report
from Pittsburgh Epidemiology of Diabetes Complications Study.
Diabetes 38: 1456-1461.

9. Shaw JE, Zimmet PZ (1999) The epidemiology of diabetic
neuropathy. Diabetes Review 7: 245-252.

10. Bharucha NE, Bharucha AE, Bharucha EP (1991) Prevalence of
peripheral neuropathy in the Parsi community of Bombay.
Neurology 41: 131513-131517.

11. Savettieri G, Rocca WA, Salemi G, Meneghini F, Grigoletto F, et
al. (1993) Prevalence of diabetic neuropathy with somatic
symptoms A door-to-door survey in two Sicilian municipalities.
Neurology 43: 1115-1115.

12. Gregg EW, Sorlie P, Paulose-Ram R, Gu Q, Eberhardt MS, et al.
(2004) Prevalence of lower-extremity disease in the US adult
population≥ 40 years of age with and without diabetes:
1999-2000 National Health and Nutrition Examination Survey.
Diabetes Care 27: 1591-1597.

13. Neel BA, Sargis RM (2011) The paradox of progress:
environmental disruption of metabolism and the diabetes
epidemic. Diabetes 60: 1838-1848.

14. Thayer KA, Heindel JJ, Bucher JR, Gallo MA (2012) Role of
Environmental Chemicals in Diabetes and Obesity: A National
Toxicology Program Workshop Review. Environmental Health
Perspectives 120: 779-789.

15. Kuo CC, Moon K, Thayer KA, Navas-Acien A (2013)
Environmental chemicals and type 2 diabetes: an updated
systematic review of the epidemiologic evidence. Current
Diabetes Reports 13: 831-849.

16. Saldana TM, Basso O, Hoppin JA, Baird DD, Knott C, et al. (2007)
Pesticide exposure and self-reported gestational diabetes
mellitus in the Agricultural Health Study. Diabetes Care 30:
529-534.

17. Montgomery MP, Kamel F, Saldana TM, Alavanja MCR, Sandler
DP (2008) Incident diabetes and pesticide exposure among
licensed pesticide applicators: Agricultural Health Study,
1993-2003. American Journal of Epidemiology 167: 1235-1246.

18. Ukropec J, Radikova Z, Huckova M, Koska J, Kocan A, et al. (2010)
High prevalence of prediabetes and diabetes in a population
exposed to high levels of an organochlorine cocktail.
Diabetologia 53: 899-906.

19. Rignell-Hydbom A, Lidfeldt J, Kiviranta H, Rantakokko P, Samsioe
G, et al. (2009) Exposure to p, p′-DDE: a risk factor for type 2
diabetes. PloS One 4: e7503.

20. Rylander L, Rignell-Hydbom A, Hagmar L (2005) A cross-
sectional study of the association between persistent
organochlorine pollutants and diabetes. Environmental Health
4: 28.

21. Wang SL, Tsai PC, Yang CY, Guo YL (2008) Increased risk of
diabetes and polychlorinated biphenyls and dioxins: a 24-year
follow-up study of the Yucheng cohort. Diabetes Care 31:
1574-1579.

22. Codru N, Schymura MJ, Negoita S, Rej R, Carpenter DO (2007)
Task Force on the Environment Diabetes in relation to serum
levels of polychlorinated biphenyls and chlorinated pesticides in
adult Native Americans. Environmental Health Perspectives 115:
1442-1447.

23. Cox S, Niskar AS, Narayan KV, Marcus M (2007) Prevalence of
self-reported diabetes and exposure to organochlorine
pesticides among Mexican Americans: Hispanic health and
nutrition examination survey, 1982-1984. Environmental Health
Perspectives 115: 1747-1752.

24. Everett CJ, Frithsen IL, Diaz VA, Koopman RJ, Simpson Jr WM, et
al. (2007) Association of a polychlorinated dibenzo-p-dioxin, a
polychlorinated biphenyl, and DDT with diabetes in the 1999–
2002 National Health and Nutrition Examination Survey.
Environmental Rresearch 103: 413-418.

25. Starling AP, Umbach DM, Kamel F, Long S, Sandler DP, et al.
(2014) Pesticide use and incident diabetes among wives of
farmers in the Agricultural Health Study. Occupational and
Environmental Medicine 71: 629-635.

26. Huang X, Zhang C, Hu R, Li Y, Yin Y, et al. (2016) Association
between occupational exposures to pesticides with
heterogeneous chemical structures and farmer health in China.
Scientific Reports 6: 25190.

27. Rao DB, Jortner BS, Sills RC (2014) Animal models of peripheral
neuropathy due to environmental toxicants. ILAR Journal 54:
315-323.

28. Lotti M, Moretto A (2005) Organophosphate-induced delayed
polyneuropathy. Toxicological Reviews 24: 37-49.

29. Ergün SS, Öztürk K, Su Ö, Gürsoy EB, Ugurad I, et al. (2009)
Delayed neuropathy due to organophosphate insecticide
injection in an attempt to commit suicide. Hand (NY) 4: 84-87.

30. Holisaz MT, Rayegani SM, Hafezy R, Khedmat H, Motamedi MHK
(2007) Screening for peripheral neuropathy in chemical warfare
victims. International Journal of Rehabilitation Research 30:
71-74.

31. Yokoyama K, Araki S, Murata K, Nishikitani M, Okumura T, et al.
(1998) Chronic neurobehavioral and central and autonomic
nervous system effects of Tokyo subway sarin poisoning. Journal
of Physiology Paris 92: 317-323.

32. Smith HV, Spalding JMK (1959) Outbreak of paralysis in Morocco
due to ortho-cresyl phosphate poisoning. pp: 1019-1021.

33. Susser M, Stein Z (1957) An outbreak of tri-ortho-cresyl
phosphate (TOCP) poisoning in Durban. British Journal of
Industrial Medicine 14: 111.

34. Senanayake N, Jeyaratnam J (1981) Toxic polyneuropathy due to
gingili oil contaminated with tri-cresyl phosphate affecting
adolescent girls in Sri Lanka. The Lancet 317: 88-89.

35. Aring CD (1942) The systemic nervous affinity of triorthocresyl
phosphate (Jamaica ginger palsy). Brain 65: 34-47.

36. Morgan JP, Penovich P (1978) Jamaica ginger paralysis: Forty-
seven-year follow-up. Archives of Neurology 35: 530-532.

37. Woolf AD (1995) Ginger Jake and the blues: a tragic song of
poisoning. Veterinary and Human Toxicology 37: 252-254.

38. Brownlee M (2001) Biochemistry and molecular cell biology of
diabetic complications. Nature 414: 813.

39. Yagihashi S, Mizukami H, Sugimoto K (2011) Mechanism of
diabetic neuropathy: where are we now and where to go?
Journal of Diabetes Investigation 2: 18-32.

Journal of Toxicological Analysis
Vol.1 No.1:4

2018

4 This article is available from: http://www.imedpub.com/journal-toxicological-analysis/

http://www.imedpub.com/journal-toxicological-analysis/


40. Feldman EL, Nave KA, Jensen TS, Bennett DL (2017) New
horizons in diabetic neuropathy: mechanisms, bioenergetics,
and pain. Neuron 93: 1296-1313.

41. Gabbay KH (1975) Hyperglycemia, polyol metabolism, and
complications of diabetes mellitus. Annual Review of Medicine
26: 521-536.

42. Kinoshita JH (1990) A thirty year journey in the polyol pathway.
Experimental Eye Research 50: 567-573.

43. Jakobsen J, Sidenius P (1985) Nerve morphology in experimental
diabetes. Clinical Physiology 5: 9-13.

44. Greene DA, Lattimer SA, Sima AA (1987) Sorbitol,
phosphoinositides, and sodium-potassium-ATPase in the
pathogenesis of diabetic complications. The New England
Journal of Medicine 316: 599-606.

45. Greene DA, Sima AA, Stevens MJ (1992) Complications:
neuropathy, pathogenetic considerations. Diabetes Care 15:
1902-1925.

46. Oates PJ (2008) Aldose reductase, still a compelling target for
diabetic neuropathy. Curr Drug Targets 9: 14-36.

47. Sugimoto K, Yasujima M, Yagihashi S (2008) Role of advanced
glycation end products in diabetic neuropathy. Current
Pharmaceutical Design 14: 953-961.

48. Duran-Jimenez B, Dobler D, Moffatt S (2009) Advanced glycation
end products in extracellular matrix proteins contribute to the
failure of sensory nerve regeneration in diabetes. Diabetes 58:
2893-2903.

49. Vincent AM, Perrone L, Sullivan KA (2007) Receptor for
advanced glycation end products activation injures primary
sensory neurons via oxidative stress. Endocrinology 148:
548-558.

50. Bierhaus A, Nawroth PP (2009) Multiple levels of regulation
determine the role of the receptor for AGE (RAGE) as common
soil in inflammation, immune responses and diabetes mellitus
and its complications. Diabetologia 52: 2251-2263.

51. Misur I, Zarkovic K, Barada A, Batelja L, Milicevic Z, et al. (2004)
Advanced glycation endproducts in peripheral nerve in type 2
diabetes with neuropathy. Actadiabetologica 41: 158-166.

Journal of Toxicological Analysis
Vol.1 No.1:4

2018

© Copyright iMedPub 5


	Contents
	Occupational Exposure to Pesticide: A Risk of Diabetic Neuropathy
	Abstract
	Introduction
	Neuropathy
	Diabetic neuropathy
	Pesticides and diabetic neuropathy

	Future Directions
	Acknowledgments
	References


