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/Abstract

Objective: This study seeks to examine current research evidence and literature linking pesticide exposure with obesity and
diabetes.

Study Design and Setting: The review presented here summarizes research studies regarding the association between pesticides
and obesity, including diabetes and the metabolic syndrome. Published literature was reviewed between 1996 and 2015. Studies
highlighting investigations examining the potential association between pesticides and the outcomes of interest were included.

Results: Although this is not a meta-analysis, a summary of research finding that showed the most studies investigating an
association between pesticides and obesity and/or diabetes are presented. Overall, many of the studies demonstrate a positive
correlation between pesticide exposure and key measures of these two health conditions (Body Mass Index, Weight, Glycated
Hemoglobin (Hemoglobin Alc), Blood Glucose Levels, And Serum Insulin Levels). Likewise, inherent complexities of pesti-
cide chemicals and the multifactorial nature of obesity and diabetes further limit study conclusions.

Conclusions: Literature supports a potential positive association between pesticide exposure and obesity and/or diabetes. How-
ever, mechanisms accounting for such an association have yet to be defined, and notable gaps exist in assessing the extent to
which an association may exist. In this regard, evidence supports further research to better define these areas.

- J
Abbreviations: Keywords:  Diabetes; Metabolic Syndrome; Obesity;
OP : Organophosphate pesticides Pesticides
ocC : Organ chlorine pesticides Introduction
POPs Persistent organic pollutants Several hundred pesticides have been used for centuries

throughout various civilizations; yet, their effects on human health
BMI Body Mass Index remain poorly understood. Each has different mechanisms of
MB : Methanobacteriales action, uptake characteristics, metabolic effects, and elimination
features, and likewise, each has varying toxic effects on human
health as well. Over the last few decades, associations have
DDE Dichloro diphenyl dichloroethylene been identified between groups of pesticides and specific health
conditions. Links between pesticides and neurologic function,
immune system function, and endocrine function are increasingly
AHS Agricultural Health Study being reported, and these findings help establish foundations for

DDT : Dichloro diphenyl trichloroethane

PCBs : Polychlorinated biphenyls
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theories postulating how these chemicals may trigger human
disease states. With this in mind, pesticides have been implicated
as potential causative factors in two interrelated health disorders,
obesity and diabetes [1]. Therefore, this literature review seeks to
examine current research evidence supporting the role pesticides
may play in these conditions.

By definition, pesticides (Which Include Herbicides and
Insecticides) are substances used with the intention to prevent,
destroy or control pests, with pests being defined as vectors
of disease or unwanted species of plants or animals hindering
production [2]. For the sake of organization, pesticides are typically
classified based on their chemical structures and/or properties. For
example, Organophosphate (OP) pesticides, which are commonly
used today in many insecticides, share a common mechanism of
action through the disruption of acetyl cholinesterase activity [1].
Organ chlorine (OC) pesticides, which are lipophilic, chlorinated
molecules, represent persistent chemicals in the environment of
which many have been shown to be associated with serious human
health problems [3]. Other pesticides fall into other groups such as
bio-pesticides which are derived from animal, plant, and bacterial
sources. And still others, like carbamates and pyrethroids, are
unique in their formulations and structures and are classified in
separate categories [4].

While specific pesticides within each of these categories
have unique properties and effects, pesticide groups often share
common mechanisms which may be associated with human disease
pathogenesis. Research literature has increasingly supported
such associations between these various pesticide groups and
conditions such as obesity and diabetes [2]. Over the last three
decades, obesity prevalence among children and adults has reached
epidemic proportions with nearly one-third of adults identified as
being obese [5]. Likewise, the number of adults diagnosed with
diabetes mellitus has grown in number as well. Currently, more
than 11 percent of the U.S. adult population suffers diabetes, and
more than 35 percent have prediabetes. Also noteworthy is the
fact that in the United States, in 2015,9.4% (about 30.3 million
people of all ages) had diabetes in 2015, in which about 70% of
diabetics are either overweight or obese. Population-had diabetes
in 2015 (70 percent of all persons with diabetes are concurrently
overweight or obese [1,6].

Given these statistics, the rapid increase in the percentage of
the population suffering both obesity and diabetes raises concerns
about environmental causes. For obesity, dietary and physical
activity changes can be attributed as causative agents to a degree,
but exposure to environmental chemicals, including pesticides, has
been implicated as a potential factor as well. Similarly, diabetes
mellitus (particularly Type 2) risk increases with poor diet and
physical activity levels, but pesticides have been shown to result in
elevated glucose levels, insulin resistance, and concurrent hepatic
changes which also heighten the risk for developing diabetes [1].

Objective

In this report, we summarize current research result based
on a literature review elucidate current knowledge concerning
pesticide exposure and its association with obesity and diabetes
mellitus. These findings will be examined in relation to different
pesticide categories and based on these distinctions; different
theoretical considerations about mechanisms of pathogenesis will
also be presented. Likewise, key gaps in research will also be
identified to better guide future research in these areas of interest.
Through this endeavor, conclusions can be made about our current
understanding of pesticides and their role in these specific human
health conditions.

Evidence of Pesticide Exposure and Obesity
Risk

Literature Review Process

The literature review process involved a widespread
search of various databases using a select group of keywords
representative of pesticides and obesity. Relevant literature
pertaining to subjects’between1996-2015 were reviewed through
abstract assessment. The specific databases through which
literature searches were performed included Google, Google
Scholar, PubMed/NCBI, EBSCO (Academic Search Premier),
SAGE, ELSEVIER, and Questa. Keywords specifically included
pesticides, obesity, overweight, organ chlorines, organophosphates,
adiposity, environmental chemicals, weight gain, and weight loss.

Organochlorine Pesticides and Obesity Risk

Considering OCs, these organic chemicals are lipophilic
in nature and are naturally stored in fatty adipose tissues within
the body after exposure. While most OC pesticides have been
banned for use in the U.S. and other countries, many OCs persist
in the environment due to their lipophilic nature. In addition,
bioaccumulation of OCs among top-of-the-chain species occurs
which poses ongoing human health risks [3]. Research has
demonstrated that persistent organic pollutants (POPs), of which
the majority is OCs, remain present in over 80 percent of the
population today despite their elimination from use for nearly four
decades [7]. Thus, the potential for OCs in causing detrimental
health effects remain.

Examining the literature, research linking OC pesticide
exposure with obesity risk exist. Wei and colleagues demonstrated
a dose-dependent effect of dicholorophenols in relation to obesity
among adults after adjusting for age, gender, race, education,
total fat intake, and physical activity [8]. Likewise, large national
health and nutrition surveys in the U.S. and France have shown
concentrations of select OC pesticides to be higher as body mass
indices (BMlIs) increase in adult subjects [7,9]. Furthermore, other
studies have found a positive link between OC metabolites and
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childhood obesity [8]. Each of these studies supports positive
association between OCs and obesity.

While the association is noteworthy, causation has yet to
be well established in the literature. Questions remain regarding
whether OC pesticide levels are higher among obese individuals
because of increased storage within adipose tissue, or whether
OC pesticides in part cause the development of obesity. Hue and
coworkers demonstrated the concentration of POPs and OCs
measured per gram of adipose tissue between obese subjects and
lean controls were comparable suggesting obese individuals have
higher OC pesticide levels due to greater volumes of adipose tissue
[10]. Notably, however, another study showed that dramatic weight
loss in obese subjects resulted in a rise in serum POP levels over 6
to 12 months as adipose tissue declined by 15 percent on average
[11]. Weight loss associated with a rise in serum OC pesticide
levels was supported in another study of 39 obese subjects placed
on a hypo caloric diet. Five of 26 OC pesticides measured showed
statistically significant rises in serum levels in these subjects when
compared to lean controls.’Thus, while most of the literature
supports a positive correlation between OC pesticide levels and
BMI, the association may simply be reflective of OC pesticides’
lipophilic nature and greater volumes of adipose tissue among
obese individuals in which these chemicals can be biologically
stored.

Other Pesticides and Obesity Risk

In addition to research involving OC pesticides and obesity
risk, other groups of pesticides have also been studied in relation
to weight changes but to a much lesser extent. Specifically, OP
pesticides, being non-lipophilic in nature, have received less
attention in this area. However, in searching the literature, a relevant
study associating the OP pesticide chlorpyrifos and weight gain in
rats deserves notice. Moggs and colleagues performed serial weight
checks among rats injected with low-level chlorpyrifos as well as
controls over a 4-month span. At each serial assessment, injected
rats gained statistically significant amounts of weight compared to
controls, and the weight gain was attributable to additional adipose
tissue and no other organ enlargement [12].

Other categories of pesticides have been evaluated
infrequently in relation to obesity risk if at all. Triclosan, a phenolic
biocide used to control bacteria and fungi, exists in numerous
consumer products including toothpaste, cleaning supplies and
soaps. Approximately 75 percent of the population demonstrates
detectable levels of triclosan metabolites in their urine [13].
Using data from the National Health and Nutritional Examination
Survey from 2003 to 2008, researchers have shown that detectable
triclosan levels are associated with a 0.9-point increase in BMI
[13]. While these few studies support a relationship between non-
OC pesticides and obesity risk, this area specifically has not been
well studied to date.

Theoretical Mechanisms for Obesity Risk from Pesticide
Exposure

Throughouttheliterature,severalpotential pathophysiological
mechanisms have been proposed relating pesticide exposure to
obesity risk. Among the most prevalent is the theory involving
endocrine disruption results from the exposure to various pesticides
[3]. Some researchers have suggested pesticides, both lipophilic
and non-lipophilic, may affect thyroid hormone levels as well as
the hypothalamic-pituitary-adrenal (HPA) axis resulting in changes
in appetite, satiety, and food selection [8,14]. Others suggest
disruption of estrogen and testosterone functions in addition
to disruption of thyroid hormone function [13]. Environmental
chemicals have been shown to negatively affect endocrine systems,
and this helps support this notion as a leading theory connecting
obesity to pesticide exposure [12].

Alternative, or concurrent, theories relating pesticides
to obesity risk involve adipogenesis theories. By activating
peroxisome proliferator-activated receptor gamma, immature
adipocytes might be stimulated to further differentiate leading
to progressive risk for obesity [8]. However, limited research
of OP pesticides has failed to support this pathophysiological
mechanism [12]. Other researchers postulate pesticides trigger
diffuse inflammatory changes within the body via the immune
system which makes obesity more likely [15]. Obesity has been
characterized as a chronic inflammatory state evidenced by higher
levels of circulating inflammatory cytokines resulting from an
activated innate immune system [5]. Thus, this mechanism
represents yet another potential pathway.

One additional intriguing theory relates to pesticide
disruption of gut microflora. By disrupting existing intestinal flora,
specific bacterial species associated with obesity may gain access
to the intestinal lining and replace existing flora [13]. In one
study, Lee and coworkers examined 83 women for the presence
of methanobacteriales (MB), (a bacterium that prefers petroleum-
based environments and has been linked to obesity), and the
presence of OC pesticide exposure. Their results demonstrated
high correlations between the presence of MB and OC exposures,
and likewise both BMI and waist circumference were significantly
higher in women with MB present. [16]. In essence, by changing
intestinal micro flora, pesticides could potentially enhance weight
gain and obesity risks through nutritional pathways.

Evidence of Pesticide Exposure and Diabetes
Risk
Literature Review Process

The literature review process involved a widespread search of
various databases using a select group of keywords representative

of pesticides and diabetes mellitus, both Type 1 [17]. and Type 2.
While randomized trials and systematic reviews were favored, all
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relevant literature pertaining to the subject between 1996 and 2015
wasreviewed through abstract assessment. Those which contributed
to the topic were included in this review. The specific databases
through which literature search was performed included Google,
Google Scholar, PubMed/NCBI, EBSCO (Academic Search
Premier), SAGE, ELSEVIER, and Questia. Keywords specifically
included pesticides, diabetes mellitus, diabetes, hyperglycemia,
organochlorines, organophosphates, environmental chemicals,
insulin resistance, and blood glucose.

Organochlorine Pesticides and Diabetes Risk

In examining the literature regarding OC pesticides and
diabetes risk, associated conditions of insulin resistance, metabolic
syndrome, altered glucose metabolism as well as Type 1 and Type 2
diabetes mellitus were considered. In existing reviews of POPs (of
which the majority are OC pesticides), reportedly 75 studies have
examined the effects of OC, organ fluorine, and organ bromine
pesticides in relation to altered glucose metabolism and diabetes
risk.'Of these, strong associations between diabetes and various OC
pesticides exist including dichlorodiphenyltrichloroethane (DDT),
dichlorodiphenyltrichloroethane (DDE), and polychlorinated
biphenyls (PCBs) [1]. though each of these is no longer used as
active pesticides, each persist in the environment and in human
beings due to bioaccumulation effects.

In addition to this summative review, others have examined
data from the Agricultural Health Study(AHS) which was a
prospective study of cancer and other health outcomes in a cohort
of licensed pesticide applicators and their spouses from lowa and
North Carolina between 1993 and 1997 [18]. With a sample of more
than 33,000 participants, studies have found increased incidence
of diabetes among agricultural workers using the OC pesticides
aldrin, chlordane and alachlor [19]. Likewise, agricultural workers’
wives also have heightened diabetes risk when exposed to dieldrin
and 2, 4, 5-Trichlorophenoxyacetic acid [20]. In addition, Saldana
and colleagues examining over 11,000 pregnant women within
the AHS over the course of the study found a positive association
between commercial exposure to 2,4,5-Trichlorophenoxyacetic
acid and 2,4,5-trichlorophenoxypropionic acid and gestational
diabetes (odd ratio = 2.2) [21]. Gestational diabetes is known to
be a risk factor for subsequent development of diabetes in later
life [22].

The study conducted by Montgomery and colleagues
involving the AHS provided some specific statistics for diabetes
risk in relation to select OC pesticides. In assessing 50 different
pesticides, of which many were OC pesticides, seven OC
pesticides were associated with increased risk for diabetes. The
ones with the highest risk included heptachlor with a 94% increase
in risk; chlordane with a 63% increase in risk; and Aldrin with a
51% increase in risk [19]. Given the number of research studies

examining OC pesticides and diabetes risk, and given the large
population samples surveyed, the evidence of the association
between exposure to a variety of OC pesticides and the development
of diabetes is quite strong.

Organophosphate Pesticides and Diabetes Risk

Though less well studied in terms of diabetes mellitus when
compared to OCs, OPs have been assessing in a few studies in
relation to diabetes risk. Of those reported, each has demonstrated
positive correlations between exposures and risk at least to a
degree. The largest reports studies have involved those using
AHS data from agricultural workers and their wives. Notable
among OPs, dichloros and trichlofon have been identified as being
associated with heightened diabetic risk among occupational
workers in the AHS study. Increases odds were found for these
OPs when examining both ever-use and cumulative lifetime
use of these pesticides [19]. Using the same AHS dataset, other
researchers examined the wives of agricultural workers who
used or were exposed to pesticides. This study also supported an
association between OPs and diabetes risk among these women.
OPs specifically cited included fonofos, phorate and parathion
[20]. Thus, though limited, research does support an association
between OPs and heightened diabetes risk when exposure is
significant.

A couple of other studies involving agricultural workers also
deserve comment in relation to OPs and diabetes risk. Raafat and
colleagues evaluated nearly 100 Egyptian farmers over a 20-year
period measuring serum Malathion levels (an OP), fasting blood
glucose, and fasting insulin levels. Interestingly, higher levels of
malathion were associated with evidence of higher levels of insulin
resistance over time [23]. Another study involved a comparison of
187 agricultural farmers in Iran with OP exposure with the same
number of controls by measuring fasting blood glucose and an
oral glucose tolerance test. Both measures demonstrated greater
occurrence of diabetes among the farmers [24]. Again, these
studies support a positive association between OPs and diabetes.

The only other notable research relating OPs to diabetes
risk pertained to examining pesticide exposure to the onset of
gestational diabetes. Again, the AHS dataset was used with over
500 women identified as developing gestational diabetes during
their pregnancies. Based on self-reported data from these women,
several herbicides and insecticides were found to have a significant
hazards risk for being associated with gestational diabetes in these
participants. Specifically, phorate and diazinon were two OP
insecticides found among the seven total agents identified [21]. It
is notable to mention that in this same study only women reporting
commercial use exposure had such a risk while those with home
and gardening exposure did not [21]. This may suggest a dose-
dependent effect in relation to this phenomenon.

Volume 2; Issue 02



Citation: Alghabiwi RS, Palianopoulou M, Karlsson LE (2018) The Physician-Patient Relationship and Its Association with Self-Efficacy in Female Patients Managing
Chronic Diseases in Riyadh, Saudi Arabia. ] Community Med Public Health 2: 130. DOI: 10.29011/2577-2228.100030

Other Pesticides and Diabetes Risk

In addition to the major groups of OC and OP pesticides,
relatively few have received research attention in relation to
diabetes occurrence. One such compound, however, included
pyrethroids which are commonly used as insecticides. Hansen and
coworkers evaluated 116 pesticide sprayers with primary exposure
to pyrethroids in relation to 92 controls who had no exposure. Each
participant had HgBA1C measures obtained with an abnormally
high HgA 1C being greater or equal to 5.6%. Notably, 61% of the
sprayers had abnormal HgA1C measures while less than 8% of
the controls were affected. These findings led the researchers to
correlate cumulative pyrethroid exposure to the development of
prediabetes [25].

The remaining literature is relatively scant concerning other
pesticides in relation to diabetes risk. In the study conducted
by Saldana and colleagues cited previously, carbofuran as well
as atrazine and butylate was identified as being associated with
higher gestational diabetes risk among farmers’ wives exposed to
commercial pesticides [21]. Laboratory studies of adipocytes have
shown that tolylfuanid, a fungicide, appears to disrupt glucose
regulation pathways via a glucocorticoid agonist effect [26]. And
while carbamate is well known to cause acute toxicity and affect
acetylcholine neurotransmitter function, long-term effects in
relation to diabetes risk have not been shown [19].

Theoretical Mechanisms for Diabetes Risk Associated
with Pesticide Exposure

Depending on which class of pesticides are considered,
varying degrees of research support exist linking these chemicals
to diabetes risk. Among these studies, numerous theories have been
proposed in terms of etiologic mechanisms, and some of these
demonstrate good support for such associations. The most common
explanation links various pesticides to insulin resistance. In terms
of OPs, some researchers suggest these pesticides activate serine
kinases which then result in inhibitory phosphorylation of cellular
enzymes. As a result, greater insulin resistance develops within
cells [27]. Others have supported similar mechanisms of alterations
in enzymatic processes which then cause metabolic changes
and insulin resistance [21]. In terms of OCs, persistent organic
pollutants in adipose tissue have been proposed to heighten insulin
sensitivity and result in altered glucose-insulin homeostasis [11].
And yet other pesticides, such as Malathion and pyrethroids which
are known to affect insulin response and glucose regulation, lack
clear evidence of association with diabetes risk [23,25]. thus, while
research evidence supports the association of various pesticides
with insulin resistance and impaired glucose-insulin regulation,
clear mechanisms behind these findings are yet to be well defined.

Other possible theories in this regard relate to altered lipid
metabolism and secondary hepatic effects. POPs have been noted

to raise hepatic enzymes, increase lipid levels and lead to liver
dysfunction [11]. Several OCs have been associated with elevated
hepatic enzymes and liver disease [28]. OPs have been shown to
increase glucose release from the liver while also altering lipid
metabolism [20]. Though how these chemicals cause these effects
are not clear, lipotoxicity and glucotoxicity resulting from hepatic
dysfunction is commonly associated with Type 2 diabetes [19].
Therefore, it stands to reason that pesticide effects on the liver may
underlie their association with diabetes risk elevation.

The above reflect primary theories behind pesticides and
diabetes associations, but additional ones exist and may also play
a role in explaining these association, especially in particular
pesticide situations. For instance, the fungicide tolylfuanid may
disrupt insulin sensitivity and lipid metabolism through agonist
effects on glucocorticoid receptors while also promoting adipose
cell differentiation [26]. Some have suggested various pesticides
may cause autoimmune reactions resulting in Type 2 diabetes
mellitus development [27]. And oxidative stress and inflammatory
causes have also been proposed via secondary effects on the
pancreas, liver and beta-cells [24]. Each of the theories considered
in the literature have valid rationales, and many have laboratory
support at a minimum. As a result, exact mechanisms linking
pesticides to diabetes are likely complex and vary depending on
the exact pesticide used, inherent risk of the individual, and other
environmental and lifestyle factors.

Discussion and Conclusions

Prior to the mid-twentieth century, the use of pesticides was
relatively rare. But subsequent to World War II, the manufacturing
and use of these chemicals increased dramatically [3]. Despite the
discontinuance of many of these agents due to human health effects,
in some instances, bioaccumulation and environmental persistence
have resulted in these agents continuing to exert potentially toxic
effects [3]. Addition, many health conditions during this same time
have risen significantly in incidence suggesting environmental
etiologies may be at least partially involved [2]. Two such
conditions include obesity and diabetes.

The literature reviewed in this current discussion offers some
important considerations related to pesticides, obesity and diabetes.
Though not extensive, randomized trials and systematic reviews
have been conducted to assess this relationship. The majority,
as reviewed, demonstrate positive correlations between specific
groups of pesticides with various measures related to either obesity
or diabetes. These measures include weight gain, increases in body
mass indices, and enlargement of waistline circumferences as well
as abnormalities in fasting glucose levels, HgbA1C levels, fasting
insulin levels, lipids, and hepatic function[7,11,16,18-21,23,25,26].
Given this information, further research and investigations should
be strongly considered to better understand these phenomena.
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Unfortunately, efforts to explain areas where insights are
lacking are numerous when it comes to both pesticides and these
two specific health disorders. First, the number of pesticides are
in the hundreds, and while many may be classified according to
common mechanisms of action, each has nuances in metabolism,
bioavailability, absorption rates, protein binding, side effects and
toxicities [2]. Likewise, biomarkers for these chemicals in the
human body have yet to be well developed making measurement
of exposure challenging at best [1]. Additional problems relate to
the conditions of obesity and diabetes since both are multifactorial
disorders likely resulting from a complex interaction among
numerous genetic and environmental factors [1]. Therefore, the
degree to which pesticides may be etiologic, if at all, is difficult
to prove. Combine these challenges with a lack of in-depth
understanding of age-related changes in human metabolism,
detailed immune system functions, glucose homeostasis, and
endocrine system interactions, it is understandable why answers
from the current research pursuits have been limited [1]. Not only
are large samples of study participants required, but advancements
in our understanding of these areas is also essential to better
identify the relationship between pesticides, obesity and diabetes.

While limitations in the current literature exists concerning
these topics, some important insights are noteworthy. The first
observation relates to the high number of individuals exposed to
pesticidesinboth developed and developing countries as well as their
persistence within human beings due to bioaccumulation effects;
[3,24] this observation is most notable with lipophilic pesticides
such as OCs, but in several studies, both agricultural workers and
their families appear to have high risks for all types of pesticide
exposures [19,20,29] Without knowing the effects such pesticides
have in relation to obesity, diabetes and other health conditions, this
raises concerns specifically from an occupational health perspective.

The other notable observation is the commonality of many of
the theories linking pesticides to both obesity and to diabetes risk.
Endocrine theories ascribe pesticide effects on the hypothalamic-
pituitary-adrenal axis, thyroid function and/or glucocorticoid
receptors in accounting for these health conditions [7,8,14]. Immune
and inflammatory theories link elevated cytokine levels, heightened
oxidative stress, and altered gut flora as potential mechanisms
[13]. Theories related to metabolism suggest dysfunctions in
glucose homeostasis, liver function, adipose cell differentiation,
and cellular functions resulting in insulin resistance may play a
role [11,21,24,26,28]. Last, pesticide interference with various
neurotransmitters have been proposed as a common pathway by
which pathologic changes may occur [1]. Each of these has some
support from the literature, and they likewise offer directions for
ongoing research.

In summary, current literature supports some associations
among numerous pesticides, obesity and diabetes mellitus. Many
studies have utilized large sample populations, and some have

utilized effective research methodologies and designs in this
endeavor. However, challenges exist due to variability among
pesticides, complexities related to obesity and diabetes, and a lack of
adequate biomarkers and understanding of potential physiological
systems [1]. These will remain research challenges, but despite this,
many potential theories relating pesticides to these disorders exist
with rationale supports. Given the rapid advancement of obesity
and diabetes prevalence, and the widespread exposure of human
populations to pesticides, efforts to further elucidate additional
insights into these relationships should be pursued. Furthermore,
building upon current theoretical frameworks and research
evidence is essential to advance this understanding. (Table 1)

Summary:

What is new? An updated review summary of current litera-
ture examines the associations between pesticide exposures
and two health conditions, obesity and diabetes.

Key findings: Majority of studies available support a poten-
tial association between pesticide exposure with the devel-
opment of obesity and/or diabetes. However, research has
significant gaps and limitations in defining mechanisms or
causation and extent of an association.

Added knowledge: Current literature suggests pesticide ex-
posure could play a role in the development of obesity and/or
diabetes. Multiple theories of causation exist, including endo-
crine, metabolic, immune and neurotransmitter theories, but
none have been validated to date.

Implications: Literature review supports further research in
these areas to better define mechanism of causation and de-
gree of risk between pesticide exposure with obesity and/or
diabetes development.

References

1. Thayer KA, Heindel JJ, Bucher JR, Gallo MA (2012) Role of environ-
mental chemicals in diabetes and obesity: A National Toxicology Pro-
gram workshop review. Environ Health Perspect 120: 779-789.

2. Anwar WA (1997) Biomarkers of human exposure to pesticides. Envi-
ron Health Perspect 105: 801-806.

3. Chevrier J, Dewailly E, Ayotte P, Mauriege P, Despres JP, et al. (2000)
Body weight loss increases plasma and adipose tissue concentrations
of potentially toxic pollutants in obese individuals. Int J Obes Relat
Metab Disord 24: 1272-1278.

4. (EPA) USEPA. Types of pesticides. 2015.

5. Rodriguez-Hernandez H, Simental-Mendia LE, Rodriguez-Ramirez G,
Reyes-Romero MA (2013) Obesity and inflammation: epidemiology, risk
factors, and markers of inflammation. Int J Endocrinol 2013: 678159.

6. Centers for Disease Control and Prevention. National Diabetes Statis-
tics Report, 2017: Estimates of Diabetes and Its Burden in the United
States.

Volume 2; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/22296744
https://www.ncbi.nlm.nih.gov/pubmed/22296744
https://www.ncbi.nlm.nih.gov/pubmed/22296744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1470029/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1470029/
https://www.ncbi.nlm.nih.gov/pubmed/11093288
https://www.ncbi.nlm.nih.gov/pubmed/11093288
https://www.ncbi.nlm.nih.gov/pubmed/11093288
https://www.epa.gov/pesticides
https://www.ncbi.nlm.nih.gov/pubmed/23690772
https://www.ncbi.nlm.nih.gov/pubmed/23690772
https://www.ncbi.nlm.nih.gov/pubmed/23690772
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf

Citation: Alghabiwi RS, Palianopoulou M, Karlsson LE (2018) The Physician-Patient Relationship and Its Association with Self-Efficacy in Female Patients Managing
Chronic Diseases in Riyadh, Saudi Arabia. ] Community Med Public Health 2: 130. DOI: 10.29011/2577-2228.100030

10.

1.

12.

13.

14.

15.

16.

17.

18.

Elobeid MA, Padilla MA, Brock DW, Ruden DM, Allison DB (2010) En-
docrine disruptors and obesity: an examination of selected persistent
organic pollutants in the NHANES 1999-2002 data. Int J Environ Res
Public Health 7: 2988-3005.

Wei Y, Zhu J, Nguyen A (2014) Urinary concentrations of dichlorophe-
nol pesticides and obesity among adult participants in the U.S. Na-
tional Health and Nutrition Examination Survey (NHANES) 2005-2008.
Int J Hyg Environ Health217: 294-299.

Saoudi A, Frery N, Zeghnoun A, Bidondo ML, Deschamps V, et al.
(2014) Serum levels of organochlorine pesticides in the French adult
population: the French National Nutrition and Health Study (ENNS),
2006-2007. Sci Total Environ 472: 1089-1099.

Hue O, Marcotte J, Berrigan F, Simoneau M, Doré J, et al. (2007) Plas-
ma concentration of organochlorine compounds is associated with age
and not obesity. Chemosphere 67: 1463-1467.

Kim MJ, Marchand P, Henegar C, Antignac J, Alili R, et al. (2011) Fate
and complex pathogenic effects of dioxins and polychlorinated biphe-

nyls in obese subjects before and after drastic weight loss. Environ

Health Perspect 119: 377-383.

Meggs WJ, Brewer KL (2007) Weight gain associated with chronic ex-
posure to chlorpyrifos in rats. J Med Toxicol 3: 89-93.

Lankester J, Patel C, Cullen MR, Ley C, Parsonnet J (2013) Urinary
triclosan is associated with elevated body mass index in NHANES.
PLoS One 8: e80057.

Shiue | (2015) Arsenic, heavy metals, phthalates, pesticides, hydro-
carbons and polyfluorinated compounds but not parabens or phenols
are associated with adult remembering condition: US NHANES, 2011-
2012. Environ Sci Pollut Res Int 22: 6381-6386.

Porter W (2004) Do pesticides affect learning and behavior? Pesti-
cides and You 24: 5.

Lee HS, Lee JC, Lee IK, Moon HB, Chang YS, et al. (2011) Associa-
tions among organochlorine pesticides, Methanobacteriales, and obe-
sity in Korean women. PLoS One 6: e27773.

Polsky S, Ellis SL (2015) Obesity, insulin resistance, and type 1 dia-
betes mellitus. Current opinion in endocrinology, diabetes, and obesity
22: 277-282.

Andreotti G, Hou L, Beane Freeman LE, Mahajan R, Koutros S, et al.

(2010) Body mass index, agricultural pesticide use, and cancer inci-
dence in the Agricultural Health Study cohort. Cancer Causes Control.
21:1759-1775.

19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

Montgomery MP, Kamel F, Saldana TM, Alavanja MC, Sandler DP
(2008) Incident diabetes and pesticide exposure among licensed pes-
ticide applicators: Agricultural Health Study, 1993-2003. Am J Epide-
miol 167: 1235-1246.

Starling AP, Umbach DM, Kamel F, Long S, Sandler DP, Hoppin JA
(2014) Pesticide use and incident diabetes among wives of farmers in
the Agricultural Health Study. Occup Environ Med 71: 629-635.

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.

Grob N (2010) Obesity in Prenancy. Women. 31: 5.

Raafat N, Abass MA, Salem HM (2012) Malathion exposure and in-
sulin resistance among a group of farmers in Al-Sharkia governorate.
Clin Biochem 45: 1591-1595.

Malekirad AA, Faghih M, Mirabdollahi M, Kiani M, Fathi A, et al. (2013)
Neurocognitive, mental health, and glucose disorders in farmers ex-
posed to organophosphorus pesticides. Arh Hig Rada Toksikol. 64: 1-8.

Hansen MR, Jors E, Lander F, Condarco G, Schlunssen V (2014) Is
cumulated pyrethroid exposure associated with prediabetes? A cross-
sectional study. J Agromedicine 19: 417-426.

Neel BA, Brady MJ, Sargis RM (2013) The endocrine disrupting chem-
ical tolylfluanid alters adipocyte metabolism via glucocorticoid receptor
activation. Mol Endocrinol 27: 394-406.

Lasram MM, Dhouib IB, Annabi A, El Fazaa S, Gharbi N (2014) A re-
view on the molecular mechanisms involved in insulin resistance in-
duced by organophosphorus pesticides. Toxicology 322: 1-13.

Patel M, Falkner KC, McClain CJ, Cave MC (2009) 289 Pesticide and
heavy metal exposures are associated with ALT elevation in American
Adults: NHANES 2003-2004. Gastroenterology 136: A-796.

Castorina R, Bradman A, Fenster L, et al. (2010) Comparison of cur-
rent-use pesticide and other toxicant urinary metabolite levels among
pregnant women in the CHAMACOS cohort and NHANES. Environ
Health Perspect 118: 856-863.

Volume 2; Issue 02


https://www.ncbi.nlm.nih.gov/pubmed/20717554
https://www.ncbi.nlm.nih.gov/pubmed/20717554
https://www.ncbi.nlm.nih.gov/pubmed/20717554
https://www.ncbi.nlm.nih.gov/pubmed/20717554
https://www.ncbi.nlm.nih.gov/pubmed/23899931
https://www.ncbi.nlm.nih.gov/pubmed/23899931
https://www.ncbi.nlm.nih.gov/pubmed/23899931
https://www.ncbi.nlm.nih.gov/pubmed/23899931
https://www.ncbi.nlm.nih.gov/pubmed/24361744
https://www.ncbi.nlm.nih.gov/pubmed/24361744
https://www.ncbi.nlm.nih.gov/pubmed/24361744
https://www.ncbi.nlm.nih.gov/pubmed/24361744
https://www.ncbi.nlm.nih.gov/pubmed/17126879
https://www.ncbi.nlm.nih.gov/pubmed/17126879
https://www.ncbi.nlm.nih.gov/pubmed/17126879
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060002/
https://www.ncbi.nlm.nih.gov/pubmed/18072142
https://www.ncbi.nlm.nih.gov/pubmed/18072142
https://www.ncbi.nlm.nih.gov/pubmed/24278238
https://www.ncbi.nlm.nih.gov/pubmed/24278238
https://www.ncbi.nlm.nih.gov/pubmed/24278238
https://www.ncbi.nlm.nih.gov/pubmed/25744817
https://www.ncbi.nlm.nih.gov/pubmed/25744817
https://www.ncbi.nlm.nih.gov/pubmed/25744817
https://www.ncbi.nlm.nih.gov/pubmed/25744817
https://www.beyondpesticides.org/assets/media/documents/lawn/activist/PorterLearningBehavior.pdf
https://www.beyondpesticides.org/assets/media/documents/lawn/activist/PorterLearningBehavior.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22114690
https://www.ncbi.nlm.nih.gov/pubmed/22114690
https://www.ncbi.nlm.nih.gov/pubmed/22114690
https://www.ncbi.nlm.nih.gov/pubmed/26087341
https://www.ncbi.nlm.nih.gov/pubmed/26087341
https://www.ncbi.nlm.nih.gov/pubmed/26087341
https://www.ncbi.nlm.nih.gov/pubmed/20730623
https://www.ncbi.nlm.nih.gov/pubmed/20730623
https://www.ncbi.nlm.nih.gov/pubmed/20730623
https://www.ncbi.nlm.nih.gov/pubmed/20730623
https://www.ncbi.nlm.nih.gov/pubmed/18343878
https://www.ncbi.nlm.nih.gov/pubmed/18343878
https://www.ncbi.nlm.nih.gov/pubmed/18343878
https://www.ncbi.nlm.nih.gov/pubmed/18343878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127367/
https://www.ncbi.nlm.nih.gov/pubmed/17327316
https://www.ncbi.nlm.nih.gov/pubmed/17327316
https://www.ncbi.nlm.nih.gov/pubmed/17327316
https://www.ncbi.nlm.nih.gov/pubmed/22885474
https://www.ncbi.nlm.nih.gov/pubmed/22885474
https://www.ncbi.nlm.nih.gov/pubmed/22885474
https://www.ncbi.nlm.nih.gov/pubmed/23705196
https://www.ncbi.nlm.nih.gov/pubmed/23705196
https://www.ncbi.nlm.nih.gov/pubmed/23705196
https://www.ncbi.nlm.nih.gov/pubmed/25275407
https://www.ncbi.nlm.nih.gov/pubmed/25275407
https://www.ncbi.nlm.nih.gov/pubmed/25275407
https://www.ncbi.nlm.nih.gov/pubmed/23340252
https://www.ncbi.nlm.nih.gov/pubmed/23340252
https://www.ncbi.nlm.nih.gov/pubmed/23340252
https://www.ncbi.nlm.nih.gov/pubmed/24801903
https://www.ncbi.nlm.nih.gov/pubmed/24801903
https://www.ncbi.nlm.nih.gov/pubmed/24801903
https://www.researchgate.net/publication/274032867_289_Pesticide_and_Heavy_Metal_Exposures_Are_Associated_with_ALT_Elevation_in_American_Adults_NHANES_2003-2004
https://www.researchgate.net/publication/274032867_289_Pesticide_and_Heavy_Metal_Exposures_Are_Associated_with_ALT_Elevation_in_American_Adults_NHANES_2003-2004
https://www.researchgate.net/publication/274032867_289_Pesticide_and_Heavy_Metal_Exposures_Are_Associated_with_ALT_Elevation_in_American_Adults_NHANES_2003-2004
https://www.ncbi.nlm.nih.gov/pubmed/20129873
https://www.ncbi.nlm.nih.gov/pubmed/20129873
https://www.ncbi.nlm.nih.gov/pubmed/20129873
https://www.ncbi.nlm.nih.gov/pubmed/20129873

