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ABSTRACT

Background: Exposure to metals such as lead (Pb) and cadmium (Cd) has been linked to
metabolic diseases like diabetes. However, the intake of dietary macronutrients (i.e.,
carbohydrates, proteins, and fats) has been shown to modify metal-induced adverse effects.
Although metal exposures are generally high among informal electronic waste (e-waste) recyclers,

the joint effect of metals and dietary macronutrients on their metabolic health has not been studied.

Objective: This study investigated the relationship between metal exposures (Pb and Cd), dietary
macronutrients intake, and blood glucose levels of e-waste recyclers at Agbogbloshie and a

comparison (Madina-Zongo).

Methods: A cross-sectional study involving 100 e-waste recyclers and 51 controls was conducted.
Blood levels of Pb and Cd were measured using the Inductively Coupled Plasma Mass
Spectrometer (ICPMS; Varian 820MS). Dietary macronutrients intake was evaluated using a 48hr
recall. To determine diabetes prevalence, de-identified whole blood samples were analyzed for
glycated hemoglobin (HbA1c) levels, using High-Performance Liquid Chromatography
(HPLC®). Ordinary least square regression model was used to estimate the joint relationship

between metal exposures, dietary macronutrient intake, and blood glucose levels.

Results: Except for proteins intake, both e-waste recyclers and the comparison group did not meet
the dietary reference intake (DRI) requirements for dietary carbohydrate, total fats (saturated fat,
monounsaturated fat, polyunsaturated fat, OMEGA 3, OMEGA 6, cholesterol), and dietary fiber.
Diabetes prevalence was significantly higher in the comparison population (Prev. = 41 %, 95 %
C1: 28.41, 55.26 %) than in the recyclers (Prev. = 31.00 %, 95 % C1: 22.63, 40.84 %). Still among

both groups, dietary intake of macronutrients like OMEGA 3 and cholesterol was linked to



significant increases in blood glucose levels (p < 0.05). Furthermore, when the analysis was limited
to recyclers, saturated fat, OMEGA 3, and cholesterol intake was still associated with significant
increases in their blood glucose levels (p < 0.05). Jointly, while every 1 mg of dietary cholesterol
consumed was associated with a 0.7% increase in blood glucose levels (95% CI: 0.001, 0.012;
p=0.015), each 1pg/L exposure to Pb was linked to a 9% increase in blood glucose levels (95%

CI: 0.001, 0.017; p=0.025) among the e-waste recyclers.

Conclusion: Although the dietary consumption of cholesterol and fat was not high, it is still
possible that exposure to Pb and Cd, may still increase the risk of diabetes among both e-waste

recyclers and the general population.
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CHAPTER ONE

1.0 INTRODUCTION
1.1 Background

Diabetes mellitus is a leading cause of death, blindness, and chronic kidney failure all over the
world. Diabetes has also been linked to the incidence of several vascular diseases, including
myocardial infarction, stroke, and peripheral vascular disorders (Péalsson & Patel, 2014; Sone,
2018; Strain & Paldanius, 2018). Particularly, diabetes mellitus develops owing to reduced insulin
sensitivity, and insufficient insulin production. Apart from genetic predisposition, several research
works have also identified excessive calorie consumption, obesity, and lack of physical activity as
key risk factors for the development of diabetes. For instance, the excessive intake of
macronutrients (e.g. carbohydrates, fat, and protein) has been associated with the development of
obesity and diabetes mellitus (Kim & Song, 2019; Wali et al., 2021). Practically, the consumption
of fat-rich diets may alter insulin secretion and cause an impaired glucose balance (Imamuraet al.,

2016; Kolb et al., 2018; Sears & Perry, 2015).

Apart from dietary intake, the incidence of diabetes seems to increase in tandem with the exposure
to various environmentally hazardous chemicals like metals which also tend to increase with rapid
industrial development. Globally, rapid technological progress coupled with rising demand for
information technology has resulted in massive volumes of electronic waste (e-waste) (Nti et al.,
2020; Srighoh et al., 2016; Takyi et al., 2020, 2021; Wagner, 2009). This waste contains hazardous
chemicals, which pose significant harmful environmental impacts if not well disposed or recycled.
Particularly in Ghana, the informal techniques such as manual dismantling, and open-air burning

employed, unintentionally releases metals (e.g. lead (Pb), cadmium (Cd), etc.), particulates (e.g.



particulate matter (PM)), and organic compounds (e.g. dioxins, Polyaromatic Hydrocarbons
(PAH) into the environment. The US Environmental Protection Agency (EPA) has classified some
of the metals associated with informal e-waste recycling as endocrine-disrupting chemicals
(EDCs), which have the potential to alter metabolic processes in the body. Exposure to these
environmental pollutants induces several pulmonary and cardiovascular health effects when
inhaled over time (Gangwar et al., 2019; Jin et al., 2015) For instance, exposure to Pb may induce
an increased release of reactive oxygen species (ROS), which impairs the normal function of the
pancreatic and Islet cells and further enhances insulin resistance in the body (Ji et al., 2021a; Noh
et al., 2021). Such impaired biological processes have been shown to influence blood glucose

metabolism and control in humans (Kalyani & Egan, 2013).

Balanced diet, together with or in place of hypoglycemic medications, is an integral way of
managing impaired metabolism of blood glucose (Guo et al., 2020; Ley et al., 2014). The
consumption of different diets with the varying nutritional content of macronutrients (including
fats, carbohydrates, and proteins) may result in changes in metabolites and the gut microbiota,
responsible for the entire body's glucose metabolism (Guasch-Ferré et al., 2016). Several amino
acid containing-diets, for example, may alter plasma branched-chain-amino-acid (BCAA)
concentrations, which are tied to an increased risk of type 2 diabetes (Garcia-Perez et al., 2017).
Some diets have been reported to be associated with significant reductions in the effects of
chemicals on metabolic diseases like hypertension (Takyi, et al., 2020). For instance, Takyi et al.,
(2020) reported that iron-rich diets contain both antioxidant and anti-inflammatory properties,
which may reduce the effects of oxidative stressors, associated with chemicals exposures, by

terminating and inhibiting chain reactions of reactive oxygen species to regulate blood glucose.



However, to better understand the significance of dietary effects on blood glucose control, more

research into the effects of diet on glucose metabolism is needed.

Studies investigating the potential modifying effects of diets (macro and micronutrient) intake on
environmental pollutant-induced diabetes among groups exposed to environmental pollutants are
limited (Hehua et al., 2021; Hwang et al., 2020). The few studies that have examined these
relationships, failed to consider informal e-waste recyclers, who are particularly at risk of exposure
to a myriad of metals, given the nature of their job. To better understand how diet (macro and
micronutrients) can mitigate the negative effects of environmental contaminants on blood glucose,
well-designed, rigorous research remains necessary. This study we measured metal (Pb and
Cd) levels, as well as HbAlc and dietary macronutrient intake, among waste recyclers at
Agbogbloshie and a general population (Madina-Zongo) who are unexposed to e-waste recovery
in order to better understand the relationship between balanced diets and blood glucose
metabolism. Furthermore, the study investigated the joint association between metal exposurQOes,

dietary macronutrient intake among e-waste workers.

1.2 Problem Statement

The presence of toxic metals in the environment is alarming and potentially dangerous to human
health (Jaishankar et al., 2014; Tay et al., 2019). This is because, they are abundant in nature and
may be found in the air, water, and soil, thus increase the risks of human exposure (Masindi &
Muedi, 2018). E-waste recycling in the informal economy is a major source of pollution in some

parts of the world. It is worth mentioning that global e-waste volumes have increased significantly



in the last decade, rising by 21% in only five years to 53.6 million tons in 2019 (Forti et al., 2020).
Meanwhile, only 17.4% of the e-waste produced in 2019 was formally collected and recycled;
implying that precious metals worth $57 billion were wasted or burned rather than being collected
for recycling or reuse (Forti et al., 2020). Agbogbloshie e-waste dump-site in Ghana is one of the
biggest in sub-Saharan Africa, which employs young male migrants in search of greener pastures.
Regrettably, these recyclers employ cheap and crude methods such as manual dismantling, open-
air burning, as well as sorting and collection, which expose them to a myriad of chemicals
including dioxin, furans, and fumes of metals (Akormedi et al., 2013; Laskaris et al., 2019; Srigboh
et al., 2016). The use of such crude recycling technologies exposes not only the recyclers but also

the general population to hazardous chemicals.

Metal exposure and accumulation in the liver and pancreas may affect gluconeogenesis and insulin
production in the liver, ultimately leading to the development of diabetes (Buha et al., 2020; Hong
etal., 2021; Jietal., 2021). Some studies have also reported that nutrient (macro and micronutrient)
deficiencies or excessive intake, coupled with metal exposures may play an important role in the
development of diabetes (Dufault et al., 2015). E-waste recyclers are at a higher risk of developing
metabolic disorders like diabetes, hypertension, and other non-communicable diseases, given their
high risk of exposure to a myriad of deleterious chemicals. For instance, exposure to Pb has been
reported to induce oxidative stress and further promote insulin resistance, thus giving rise to
uncontrolled blood glucose levels. In addition, exposure to Cd impairs glucose homeostasis, thus
increasing the risk of type 2 diabetes in humans (Buha et al., 2020; Edwards & Ackerman, 2016).
Furthermore, the exposure to Cd may also disrupt insulin secretion in the pancreas, leading to risks

of diabetes (Buhari et al., 2020; Hong et al., 2021; Ji et al., 2021b) Although nutrition has been



identified to play a mitigating role by reducing the effects of these pollutants on metabolic health,
the macronutrient status of these e-waste recyclers is not known. A study reported by Takyi et al.
(2021) found a poor micronutrient intake among recyclers at Agbogbloshie. Unhealthy eating
pattern is a key component in the development of diabetes, yet the macronutrient status of e-waste
recyclers is not well studied. Considering the rigorous and physically demanding nature of
informal e-waste recycling activities, human exposure to these metals as a source of micronutrients
depletion may occur ( Park JK et al., 2017; Takyi et al., 2020; Wittsiepe et al., 2017), thus
predisposing these recyclers to poor nutritional and blood glucose status. Consequently, this study
investigated the joint relationship between metal exposures, dietary intake, and blood glucose

levels among e-waste recyclers at the Agbogbloshie and a comparison group at Madina-Zongo.

1.3 Conceptual Framework

As shown in figure 1 below, informal waste recycling consists of manual processes such as
collecting, sorting, burning and dismantling to retrieve metals such as copper (Akormedi et al.,
2013). Tools such as hammers, spanners and chisels are used in the dismantling process (Akormedi
et al., 2013). These manual activities release metals such as Pb and Cd into the environment.
Exposure to these metals causes oxidative stress, which in turn releases reactive oxygen species
(ROS). Although dietary macronutrients are known to ameliorate the effects of metal exposures,
high intake of macronutrients can promote oxidative stress, that is, a high intake of dietary
carbohydrates and animal-based proteins and excessive fats contributes to the long-term
consequences of nutritionally mediated inflammation, which induces the release of ROS. The
increase production of ROS impairs pancreatic cell, insulin resistance and islet cell dysfunction

hence affecting both insulin secretion and action; thus, leading to a rise in blood glucose levels.
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Figure 1: Conceptual Framework displaying the relationship between metal exposures, dietary

macronutrient intake and blood glucose levels.

1.4 Justification

Electronic waste recycling at Agbogbloshie involves manual dismantling and open-air burning to
retrieve valuable parts. These activities, which release very toxic chemicals into the environment
and are not regulated are noted for causing burns as well as pollute the air, water, soil and tend to
expose recyclers to the hazardous chemicals like metals, dioxins, toxins, furans, and fumes of
metals (Akormedi et al., 2013; Heacock et al., 2018; Wittsiepe et al., 2015). More hazardous
chemicals are likely to be released into the environment, given the increasingly huge volumes of
this waste shipped into the country. Although occasionally trained by organizations like the
Blacksmith Institute and Green Earth Ghana on using cleaner technologies in recycling such waste,
recyclers at Agbogbloshie continue to use the rudimentary methods and are therefore still exposed
to several pollutants. This is because the recyclers solidly believe that the use of crude methods
like open-air burning and manual dismantling are cost-effective and convenient. Despite these
intense exposures and associated health effects, the likely associations between these metal
exposures, macronutrient status, and their effects on blood glucose control have received little
attention. As probable, the metabolic health of occupationally exposed groups such as e-waste
recyclers may be primarily affected by sheer exposure to these metals at poor macronutrient status.
With all the exposures described, the e-waste recyclers are rarely trained on safe and appropriate
procedures to follow safety measures or use personal protective equipment (PPE) when performing
recycling activities, thus putting both their lives and those of the members of the general population

at risk of several chronic diseases like diabetes and hypertension.



1.5 Objectives
1.5.1 General Objectives
Investigate the relationship between metal exposure, dietary macronutrient intake, and blood

glucose levels of informal e-waste recyclers at Agbogbloshie and a comparison group in Ghana

1.5.2 Specific Objectives
e Estimate and compare dietary macronutrient intake of e-waste recyclers and a comparison
group
e Measure and compare blood glucose levels
e Assess the association between dietary macronutrient intake and blood glucose levels
e Assess the relationship between metal exposures and blood glucose levels
¢ Investigate the joint relationship between metal exposure, dietary macronutrient intake, and

blood glucose levels.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Electronic Waste and informal Recycling

E-waste management issues have been exacerbated by rapid modernization, industrialization, and
consumer demand for better products. Regrettably, the lifespan of digital technology products like
computers, television, among others, has decreased from 5-10 years to 34 years, given such
equipment are designed to be replaced rather than repaired (Agamuthu et al., 2015). Poor
communities in developing nations, however, can only afford second-hand versions of electrical

and electronic equipment (EEE).

Despite the Global North’s building rules and infrastructure to recycle e-waste, shipping it to the
Global South, where there are no policies or legislation to govern its handling, remains profitable
(Daum et al.,, 2017). Receiving countries including developing nations often lack policies,
awareness, and waste handlers; hence, employ crude methods of recycling like open-air burning
and dismantling. Regrettably, apart from the e-waste recyclers who employ rudimentary methods
and lack suitable tools, the general population who live near informal recycling dumpsites,
children, and pregnant women are also affected and vulnerable groups (Bakhiyi et al., 2018;

Srigboh et al., 2016).

These unregulated recycling activities performed in developing nations, which uses manual
methods to retrieve precious metals present in e-waste, pollutes the environment through acid

leaching and open burning, making landfills and dumpsites the most polluted areas (Tetteh &



Lengel, 2017; Velis, 2017). Agbogbloshie in Ghana, is one of the world's largest landfills, covering
over 20 acres, that allows for both crude and manual recycling, it collects about 15% of worldwide
e-waste for informal recycling, discharging lead, mercury, and zinc into the ecosystem, making
the site very poisonous (Maphosa & Maphosa, 2020). According to (Yu et al., 2017), most African
recyclers lacked recycling facilities and had to rely on dismantling, burning, and acid leaching to
recover valuable metals. Studies by (Oteng-Ababio, 2012) stated that recyclers resorted to physical
and labor-intensive techniques to recover valuable metals in e-waste; this was backed up by
Peluola, (2016) who noticed that recyclers resorted to dismantling and leaching of precious metals.
The Agbogbloshie in Ghana is one of the world's most contaminated places, where precious metals
are recovered using primitive and unsophisticated methods such as hand disassembling and
burning (Kyere et al., 2018). According to Schroeder et al., (2019), over 95 percent of e-waste was
handled in slums without the use of protective equipment, exposing recyclers to hazardous
chemicals. Orisakwe et al., (2020) confirmed these findings, suggesting that e-waste posed human
health and environmental dangers in Africa due to a lack of legislation and infrastructure for

recycling and disposal.

2.2 Metal Exposures

Metals are defined as any metallic chemical that is naturally occurring and an element of high
atomic weight and with a density five times higher than water as well as possess a relatively high
density and hazardous or dangerous at low doses (Tchounwou et al., 2012). These metals including
lead, arsenic, cadmium, chromium, mercury, nickel etc are naturally occurring due to their
existence in the earth's crust. Explicitly, after the end-life of these electronic equipments, informal

e-waste recyclers process them to recover valuable materials like copper wires (Perkins et al.,
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2014; Srigboh et al., 2016; Takyi et al., 2021). This unintentionally leads to the release of myriad
of chemicals including metals like lead, arsenic, cadmium into various media in the environment
(Tchounwou et al., 2012). These reported levels are believed to pose several deleterious effects to
man, depending on the type of compounds, concentration of compounds, and period of exposure

(Vetrivel & Kalpana Devi, 2012).

2.3 Lead (Pb) exposure among e-waste recyclers

Several studies report that Pb exposure may induce oxidative stress and particularly an imbalance
between the production of free radicals and the production of antioxidants to detoxify or repair the
reactive intermediates (Hu et al., 2020; Lobo et al., 2010; Pizzino et al., 2017). Lead (Pb) toxicity
to the major part of human body organs and interferes with metabolism and cellular functions
(Martinez-Finley et al., 2012). The most common exposure route for lead is workplace exposure,
through water, paint, and ingestion of lead-contaminated foods (Latif Wani et al., 2015). In age-
related disorders, a linear connection has been established between blood Pb levels and renal
failure. This is due to repeated Pb exposure (Satarug et al., 2020), which has a negative effect on

antioxidant pathways (Yabe et al., 2012).

Among adolescents and children in Montevideo-Uruguay, burning cables was identified as the
only source of lead exposure in 28.9 % of the sample (Pascale et al., 2016). Other causes of lead
exposure identified included gathering of metals (63.8 %), landfills (2.9 %), and paint (4.4 %)
(Pascale et al., 2016). This and other similar international studies revealed that blood Pb levels are
significantly higher among children exposed to e-waste recycling living in urban environments

than those living in rural areas (Guo et al., 2014; Parvez et al., 2021; Zhang et al., 2020).
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Additionally, the most commonly reported additional form of lead exposure was manual metal
collecting; however, there was no significant link between this form of exposure and high blood
Pb levels. Although only a small percentage of the sample had increased exposure to lead in paint,

it was found to be strongly linked with increases in blood Pb levels (O’Connor et al., 2018).

Studies carried out in Agbogbloshie by Srigboh et al., (2016), Wittsiepe et al., (2017), and Takyi
etal., (2021) reported higher blood Pb levels among e-waste recyclers to be 79.3 mg/L, 92.4 mg/L,
and 101.9 mg/L respectively, which was above U.S. CDC/NIOSH reference level of 50 mg/L (5
mg/dL). Furthermore, Amankwaa et al., (2017) also measured higher blood Pb levels among
128 females at the Agbogbloshie e-waste recycling site. The mean blood Pb levels (3.54 g/dL)
of non-e-waste recyclers was slightly higher than e-waste recyclers' (3.49 g/dL), but e-waste
recyclers’ blood Pb levels were higher (0.50-18.80 g/dL) than non-e-waste recyclers' (0.30-8.20
g/dL). Further in Ghana, elevated blood levels of Pb was measured among 12% of e-waste
recyclers who burnt e-waste. These findings may seem to suggest that the increasing tons of e-
waste shipped into and recycling in Ghana may exposed recyclers and the general population to

increasing levels of Pb.

2.4 Cd exposure among e-waste recyclers

Cadmium (Cd) is a very hazardous metal that occurs naturally in the environment and is emitted
mostly from industrial sources including mining and metal smelting (Du et al., 2020). Many studies
have been carried out to assess the environmental danger of Cd pollution and to undertake human

health assessments, resulting in effective Cd exposure reduction (Yao et al., 2020). Dietary intake
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has been recognized as the major pathway in most previous studies (Chanpiwat et al., 2019; Chen
et al., 2018), other exposure routes are air pollution, smoking, and occupational activities (Chen et
al., 2021; Tapsell, 2017). High levels of Cd have been linked to liver, cardiovascular, and
endocrine system damage (Fittipaldi et al., 2019; Gao et al., 2018), as well as renal cancer, which
is considered the most sensitive target organ for Cd (Fittipaldi et al., 2019; Gao et al., 2018).
Although the mechanisms by which cadmium influences diabetes risk association are not clear,
various studies have found a positive association between elevated cadmium levels and type 2

diabetes (Satarug et al., 2017; Tinkov et al., 2018).

Several studies have also looked at Cd exposure in the environment and among e-waste recyclers.
In a study investigated by Alli, (2015), among 64 occupationally exposed individuals with a year
experience and 56 unexposed group reported a significant increase in blood Cd for the
occupationally exposed group than the unexposed, mean B-Cd (11.63+1.73 pg/dL) and
(2.03+0.55ug/dL) respectively. They also indicated that the spray painters and battery chargers
among the occupationally exposed had the highest mean B-Cd levels to be 12.85+1.45 pg/dL (Alli,

2015).

Spanning from 2016 till date, various metal exposure assessment studies have been conducted at
Agbogbloshie. These studies reported varied results between e-waste recyclers and the comparison
group. While Srigboh et al., (2016) measured significantly higher mean levels of Cd (1.7 pg/L)
among e-waste recyclers, authors like Wittsiepe et al., (2017) and Takyi et al. (2021) contrarily

measured higher Cd levels (0.57 pg/L and 0.93 pg/L respectively) among their controls.
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2.5 Dietary Macronutrient Intake

Macronutrients such as carbohydrates, proteins, and fats are all essential for good health,
development, reproduction, and immunity. Poor nutritional diet is a major source of morbidity and
mortality, while a certain amount of essential nutrients is required for general wellbeing,
deficiencies or excessive amounts of some of these nutrients might have adverse health effects, as
well as be a major risk factor for non-communicable diseases (NCDs) such diabetes,
cardiovascular diseases, cancers etc (Murray, 2010). Dietary Reference Intake (DRI) can be
achieved with a well-balanced diet. Reduction in calorie intake leads to a reduced intake of other

nutrients resulting in nutrient deficits.

In a study by Zhao et al., (2020), which reported on sex related differences in energy and
macronutrient intake. The study found a significant relationship between dietary energy
consumption and various income levels, indicating that socioeconomic factors may have different
effects on males and females dietary intake. Carbohydrate intake in females was higher (50.7%)
than in males (49.9%), however protein intake was higher in the males (13.4%) than in females
(13.1%). Dietary fat was also reported to be higher in both males and females and this was
compared to a previous study, which found positive associations between fat intake, economic
growth, and nutrition transitions (Morenga et al., 2013). Also, a study by Herforth & Ahmed, (2015),
identified income as an important factor influencing the dietary pattern of adults in China, which
could have altered residents’ purchasing power and influenced their food choices (Herforth &
Ahmed, 2015). Given that most of these studies focused on the general population and gender-based
studies, literature focused on the micronutrient intake of e-waste recyclers reported by Takyi et al.,

(2020) stated that e-waste recyclers and the control group did not consume adequate diets rich in
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Mg, Ca, Se and Cu which resulted in the lower mean dietary intakes of Se, Ca and Mg among the
e-waste recyclers and lower mean dietary intake of Zn among the control group. This is a critical
base for my study; thus, the current study will fill the knowledge gap by reporting on the dietary

macronutrient intake among toxicant-exposed groups like e-waste recyclers in Ghana.

2.6 Prevalence of diabetes

Several studies have reported on the prevalence of diabetes among adult males in Ghana and
elsewhere. However, to the best of my knowledge, no study has investigated the prevalence of
diabetes among toxicant exposed groups even though chemical exposures (e.g. Cd, Pb and As) are
known to induce the incidence of metabolic diseases like diabetes Cd, and As. The prevalence of
diabetes among Ghanaian adults reported in 2019 was 6.46% (Asamoah-Boaheng et al., 2019),
13.9% prevalence in Kumasi in the Ashanti Region (Sarfo-Kantanka et al., 2014) and 9.3%
prevalence of diabetes in Accra in the Greater Accra Region (Amoah et al., 2002). In china VVon
2019 also found prevalence of diabetes to bel4.2% among adult men (von Euler et al., 2019),
2019). Also, a study conducted by Meo et al., (2019) among men in the Middle East recorded
higher prevalence of diabetes among men in Saudi Arabia, UAE, Kuwait and Bahrain to be
29.10%, 25.83%, 25.40%, and 33.60% respectively. All this prevalence had sociodemographic
characteristics such as age, daily income, sex and many others play a role in its high prevalence.
Given most of these studies focused on the general population, the current study will fill the
knowledge gap by reporting the prevalence of diabetes among toxicant-exposed groups like e-

waste recyclers in Ghana.
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2.7 Association between dietary macronutrient intake and blood glucose levels

Nutrition is the most modifiable factor that may help ameliorate the rising prevalence of metabolic
diseases such as diabetes. To better understand diabetes onset, one must first comprehend the
physiological processes that occur during and after a meal. Food is digested and absorbed into the
bloodstream, where nutrients such as proteins, fats, and carbohydrates are absorbed. Next, glucose,
(a type of carbohydrate), causes the endocrine pancreas to produce the hormone insulin. Insulin
causes practically all tissue types in the body to absorb and store glucose, particularly the liver,

muscle, and fat tissues (Roder et al., 2016).

The major dietary macronutrients are carbohydrates, protein, and fat. The World Health
Organization (WHO) recommends getting 5575 percent of your daily energy from carbohydrates,
10-15 percent from protein, and 15-30 percent from fat (\VVenn, 2020), while the acceptable
macronutrient distribution range (AMDR) for the United States is 10-35 percent protein, 20-35
percent fat, and 45-65 percent carbohydrate (Raubenheimer et al., 2015). All three macronutrients
(or at least certain sub-types) have been related to insulin resistance and diabetes (Kroemer et al.,
2018). Several studies have examined the relationship between dietary habits and the incidence of
diabetes among the general population (Beigrezaei et al., 2019; Erber et al., 2010) but not the case
of e-waste recyclers, who are highly exposed to a myriad of chemicals associated with informal e-
waste recycling. Other studies have highlighted that dietary factors play a role in the development
of glucose intolerance (Russell et al., 2016; Zhang & Ning, 2011). High dietary glycemic index and
load, poor dietary fiber, carbohydrate-rich foods (Augustin et al., 2015; Sluijs et al., 2011),
excessive calorie consumption and high fat intake (especially saturated fats) (von Frankenberg et

al., 2017) can all contribute to glucose intolerance. Contrastingly, high intake of fish (Nanri et al.,
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2011), potatoes, vegetables, legumes, and vitamin C (Cooper et al., 2012), are inversely related to
the development of type 2 diabetes. Furthermore, the consumption of processed red meat has been
linked to an increased risk of insulin resistance and type 2 diabetes(Barnard et al., 2014). In a
Health Care professionals Follow-up Study, a high diet of low-fat dairy or skimmed milk products
was documented; but not whole milk (Zhang et al., 2021). These findings were linked to a lower

incidence of insulin resistance and diabetes in men (Zhang et al., 2021).

Carbohydrate is the most prevalent macronutrient in the human diet, accounting for 45-70% of
daily calorie intake (Ludwig et al., 2018; Venn, 2020). While not considered an essential nutrient
for humans, their increased intake has lately been linked to carbotoxicity (Kroemer et al., 2018).
It has been reported in several human trials that reducing carbohydrate consumption is important
for metabolic health, and ketogenic diets severely limit carbohydrate intake to less than 10 percent
energy daily, which is effective in weight loss and improving the glycemic profile in type 2
diabetes (Feinman et al., 2015). The molecular effects of carbohydrate intake are thought to be
mediated by a variety of pathways. The rapid digestion of simple carbohydrates causes an increase
in insulin release, resulting in a decline in blood glucose levels and appetite stimulation (Kroemer
et al., 2018). Furthermore, carbohydrate-induced insulin release may induce fat accumulation by
increasing lipogenesis and preventing lipolysis (Ludwig et al., 2018). Reactive oxygen species
(ROS) is generated when there is a reaction between the ketone of carbohydrate molecule and that
of a free hydroxyl group of lipids or amino group of lysine proteins or DNA bases (Lustig, 2013).
Increased production of ROS has been linked to insulin resistance and pancreatic beta-cell

dysfunction in diabetes (Kaneto et al., 2010).

Fatty acids, despite their poor connotation, are essential for life, playing an essential role in

membrane structure and function, cell signaling, steroid hormone synthesis, metabolism, and
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energy production. It's biologically probable that high-fat diets cause weight gain, which leads to
insulin resistance. This viewpoint is backed up by a significant amount of evidence that obesity is
a major contributor to the development of diabetes (Bhupathiraju & Hu, 2016; Wali et al., 2021). This
means that any dietary element that leads to weight increase will almost certainly lead to diabetes.
The role fat plays in metabolism, energy and fat balance, cell membrane structure and function,
and its role as a ligand for nuclear receptor influencing gene expression, makes it highly likely that
both the total amount and type of dietary fat play a role in insulin action, weight maintenance, and

diabetes prevention (Figueiredo et al., 2017).

Proteins also form an integral functional and structural component of the human systems. Dietary
and body proteins differ significantly in chemical composition and physical structure. All proteins
are made up of amino acid chains with the required amino nitrogen group. In addition to their role
in the body's many protein structures, amino acids serve as precursors for a variety of coenzymes,
hormones, and nucleic acids. Their residues are used for energy in the tricarboxylic acid cycle after
deamination because of the presence of carbon, oxygen, and hydrogen in the amino acids. A
protein-rich diet (defined as 30% of calories) may not always reduce HbA1c, yet it does seem to
improve one or more cardiovascular risk factors (Wheeler et al., 2012). Although a high protein
diet intake may not necessarily result in weight loss, it does have the potential to reduce diabetes
risk through weight loss in some circumstances. For instance, Ke et al., (2018) found that the
relationship between protein intake and type 2 diabetes varies depending on type of diet, even
though dietary trends may interact with protein intake, dietary patterns should be taken into

account when recommending protein consumption for diabetes prevention.
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Individual nutrients or foods, are likely to account for dietary effect on glucose metabolism.
Consequently, dietary pattern analysis has recently emerged as a new and supplementary method
of investigating the link between food and the risk of chronic diseases (Schulz et al., 2021; Zhang

etal., 2018).

2.8 Metal exposures and blood glucose control

Diabetes mellitus is a group of metabolic disorders defined by excessive blood sugar (glucose)
levels caused by insulin shortage, insulin ineffectiveness, or a combination of these factors
(Diabetes, 2013). Diabetes has been associated with vascular diseases and classified as “a form of
cardiovascular disease” by the American Heart Association (Bril & Cusi, 2017). With diabetes,
insulin is required to transport glucose from the bloodstream into the majority of body cells. In the
absence of insulin, only the brain and central nervous system cells can consume glucose from the
blood, whereas most body cells utilize molecules other than glucose for energy in the absence of
insulin. However, fat metabolism in the absence of glucose metabolism produces toxic ketone
molecules, and their accumulation is linked to hyperglycemic coma (Baffy et al., 2012; Sears & Perry,
2015). Further, unmetabolized glucose builds up in the blood, given the inadequacy of insulin in
the body. When the renal glucose threshold (10 mmol/L) is exceeded, water is taken from body
cells by osmosis to dilute the extremely concentrated blood, subsequently, this glucose is expelled
with an inception of dehydration (Gerich, 2010). Diabetes complications cause a significant
amount of morbidity and mortality. Hypo- and hyperglycemic coma, as well as infections, are
among the acute consequences of diabetes. Microvascular problems such as retinopathy and
nephropathy, as well as macro-vascular complications such as heart disease and stroke, are

examples of chronic complications associated with diabetes. Risk factors of diabetes further span
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from dietary intake, genetics, insulin sensitivity, physical activities, other comorbidities as well as

environmental exposures to toxicants.

Metal deposition in the liver and pancreas may modify gluconeogenesis in the liver and impair
insulin production, eventually increasing diabetes incidence. Several plausible hypotheses have
resulted from studies investigating the relationship between metal exposures and diabetes. Metal
exposures have been shown to induce oxidative stress in human (International, 2020; Jan et al.,
2015). Primarily, the release of oxidative stressors associated with metal exposures can directly
damage pancreatic beta cells, resulting in elevated serum glucose levels (Gerber & Rutter, 2017;
Ji et al., 2021). By lowering insulin release, weakening insulin receptors, altering glucose
absorption, increasing hepatic gluconeogenesis and pancreatic glucagon production, and
decreasing peripheral glucose usage, oxidative stress can cause the elevation of blood glucose
levels Khan & Awan, 2014; Sharma et al., 2014). Other authors also highlight that the islet -cells
have a high expression of metal transporters but a low expression of antioxidants, resulting in a
weak anti-oxidative defense system in pancreatic islet cells, making the islet cells extremely
sensitive to the effects of metals, resulting in pancreatic islet -cell dysfunction, destruction, or even
death (Bensellam et al., 2021; Miki et al., 2018; Velayutham et al., 2018). Moreover, metals have
also been shown to influence a variety of molecules, including glucose transporter type 4, nuclear
factor kappa B, mitogen-activated protein kinases, and phosphoinositide 3-kinase, all of which are

involved in insulin signaling, increasing the risk of diabetes (Ji et al., 2021).

The exposure to arsenic (As) may disrupt insulin production and secretion in pancreatic cells,
thus reduce glucose absorption in insulin sensitive cells (Castriota et al., 2020; Fu et al., 2010).

Furthermore, among Chinese residents, insulin secretion was lower in the group exposed to Cd for
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more than 10 years than in the group exposed to Cd for less than 10 years (Hong et al., 2021; Son
et al., 2015). Other studies also found that, the accumulation of Cd is linked to cell degeneration
or necrosis, as well as weak degranulation in pancreatic cell (Edwards & Ackerman, 2016; Zheng et
al., 2008). As a result, Cd exposure may be the cause of diabetes symptoms by causing islet cell
disintegration and oxidative stress (Edwards & Ackerman, 2016). Cadmium (Cd) may affect the
glucose transporter (Mirzaei et al., 2020) thyroxine transformation and greater levels for the death
of glands such as pancreatic cells in diabetes (Khan & Awan, 2014). Due to similar chemical
characteristics, Cd has the potential to replace zinc (Zn) (Buha et al., 2017). Cadmium (Cd)
therefore binds to Zn transporters with a high affinity, and this adversely affect the islet cells

(Muayed et al., 2012).

Lead (Pb) has been cited to toxic to several human organs, as it interferes with metabolism and
cellular functions in the body (Martinez-Finley et al., 2012). For instance, high Pb exposure was
related to the yearly increases in fasting blood glucose (Ji et al., 2021). Furthermore, age-related
disorders, a linear relationship was observed between blood Pb levels and renal failure, owing to
their repeated Pb exposure (Satarug et al., 2020)which has a negative effect on antioxidant

pathways (Yabe et al., 2012).

Metal induced toxicity may disrupt antioxidant mechanisms, bind to a variety of biological
proteins, changing their Kinetics and, as a result, their function which causes direct damage to
pancreatic cells by producing reactive oxygen species (ROS), a major source of oxygen level
imbalance (Khan & Awan, 2014) and reduces the gene’s ability to enhance activity and regulate
MRNA in pancreatic cells, decreasing insulin synthesis. Protein nucleic acid, and lipid

peroxidation may be harmed as a result of this antioxidant imbalance. The development of several
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human diseases, including diabetes, is linked to the oxidative attack of cellular components by
ROS (Matough et al., 2012; Schmidt et al., 2010). Essential metals play an important function in
biological systems. They protect the structural integrity of proteins by regulating redox systems,
binding to enzymes as cofactors (Chitturi et al., 2015). Metals imitate the activity of essential

metals by competing with them for enzymatic binding as cofactors, resulting in tissue damage.

Furthermore, exposure to metals has been linked to an increase in body weight, according to
population research. Exposure to metals may be linked to diabetes since weight increase is a
recognized risk factor (Faulk et al., 2014; Ji et al., 2021; Nie et al., 2016). Based on these findings,
several investigations on the association between metal exposure and diabetes have been
conducted. They however, did provide inconclusive findings (Borné etal., 2014; Feng et al., 2015;
Hansen et al., 2017; Menke et al., 2016) As a result, it may be concluded that a direct link between
metals and diabetes has yet to be established. Even if such a relationship exists, it is relatively
weak. Likewise, prior epidemiologic research that reported inconclusive results linking metals and
diabetes had limitations. The current study aims to investigate the association between metal
exposures and diabetes incidence especially among toxicant exposed groups like informal sector

e-waste recycling in Ghana.

2.9 Relationship between metal exposures, dietary intake, and blood glucose levels

To the best of my knowledge and critical search and review of literature, the joint relationship
between metal exposures, dietary macronutrient intake and diabetes incidence research is very
scant. Following this, the current research will focus on providing baseline evidence on the joint
relationship between metal exposures associated with informal e-waste recycling as well as dietary

macronutrient intake and blood glucose levels among e-waste recyclers in Ghana.
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CHAPTER THREE

3.0 METHODOLOGY

3.1 TYPE OF STUDY

In this study we obtained and analyzed archived samples (blood and urine) that were collected
during GEOHealth Il project (a longitudinal study with 3 reported rounds of data collection) for
levels of glucose metabolism (glycated hemoglobin) and metals - lead (Pb) and Cadmium (Cd).
For purposes of the study, we retrieved and analyzed blood samples from round 1 only, generated
data on levels of glycated hemoglobin and concentration of metals in blood in a cross-sectional
design. We also obtained dietary information and nutritional status of the participants (e-waste
recyclers and comparison group) to analyze and study the relationship between metal exposures
(Pb and Cd), dietary macronutrient intake and blood glucose levels of informal e-waste recyclers

at Agbogbloshie and a comparison group (Madina).

3.2 VARIABLES OF INTEREST

3.2.1 Dependent variable
The dependent variable for this study was the blood glucose (HbAlc) levels of the e-waste

recyclers and the comparison population.
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3.2.2 Independent variable
The independent variables for this study were the exposure to metals (Pb and Cd) and dietary
macronutrient (total calories, carbohydrates, protein, total fat, saturate fat, polyunsaturated fat,

monounsaturated fat, OMEGA 3, OMEGA 6, dietary fiber and cholesterol) intake.

3.3STUDY POPULATION AND PROCEDURE

The sample size was predetermined by the parent project (GEOHealth Il project). A total of 132
study participants were recruited during the GEOHealth Il project (a longitudinal study with 3
reported rounds of data collection). Given the fore knowledge of a likely 10-20 percent attrition as
indicated in literature for cohort studies, the broader project recruited; 100 recyclers and 50
participants for the comparison population at baseline (Nti et al., 2020; Takyi et al., 2020, so a

total of 150 samples was analyzed.

100 of which are Agbogbloshie waste recyclers assigned to different job task at the site and 50
controls from Madina-Zongo which was approximately 18km from Agbogbloshie. The reference
population at Madina-Zongo were selected as control for the exposed population at Agbogbloshie
in order to better characterize health effects associated with informal e-waste recycling. Apart from
whether or not participants participate in e-waste recycling, these two communities have similar
demographic characteristics, such that residents are mostly from Ghana's northern regions, are

mostly Moslems, and eat similar foods.

24



3.4 SAMPLING TECHNIQUE

1 Inclusion and Exclusion Criteria:

3.4.1 Inclusion

» Adult males aged 18 to 50 years and above who had worked at the e-waste site for at least

six months
 Participants must be of sound mind to be included.
» The comparison group consisted of male inhabitant aged 18 to 50 years who had lived in

Madina-Zongo for at least six months but not been exposed to e-waste recovery.

3.4.2 Exclusion

e People with mental or physical disabilities will be ineligible, given their inability to grasp
the informed consent or complete the health status measurements.
e Females, children, and non-e-waste recyclers at Agbogbloshie

e Madina-Zongo female residents and children.
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3.5 DATA COLLECTION TECHNIQUES & TOOLS
3.5.1 Anthropometric Measurements

Secondary data on weight, height and calculated body mass index (BMI), was drawn from the
GEOHealth 11 Project, as already published by Takyi, et al., (2020). Briefly, a standardized
protocol was used to measure the participants' height and weight. Using a Seca stadiometer (Seca;
Germany), the participant's height was corrected to the nearest 0.1 cm by standing upright on a flat
surface without shoes and pressing the back of the heels and the occiput against the stadiometer
(Alkhajah et al., 2012; Peprah, 2014; Zeba et al., 2022). Furthermore, using a portable Seca scale,
participants' body weight was measured to the nearest 0.1 kg (Seca 770; Hamburg, Germany).
Both study sites used the same model of standard calibrated balance. Participants’ BMI was

calculated by multiplying their weight in kilograms (kg) by their height in meters squared (m?)

3.5.2 Dietary Intake assessment

Information on the dietary macronutrient status of participants (e-waste recyclers and comparison
group) was obtained from the larger project (GEOHealth Il project) field data collection. Each
participant’s' daily dietary macronutrient intake was documented using a semi-structured 48-hour
dietary recall guide. This recall was conducted twice (a 24-hour recall on each day) to assess the
individual's day-to-day variability due to the variety of foods consumed on different days. To
ensure consistency in the survey method across research sites and to further eliminate
methodological biases between sites, GEOHealth Il project recruited trained dieticians to collected

the dietary macronutrient intake data.
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3.5.3 Biological Sample Collection

This study used de-identified whole blood samples from the parent project (GEOHealth Il project).
These blood samples were obtained in clean, enclosed portable stations set up near each study site
by a qualified phlebotomist (Takyi et al., 2021). About 10ml of blood was collected and placed on
a blood tube roller (Micro-Teknik) for 5 minutes in a trace metal-free BD Vacutainer tube with
K2EDTA. Next, the blood samples were transferred to the laboratory on dry ice and then stored in

-80°C freezer frozen until analysis.

3.5.4 Blood glucose (HbA1c) analysis

Prior to the analysis, ~8ul of the de-identified whole blood samples were aliquoted into smaller
vials and transported on ice to the Noguchi Memorial Institute (Nutrition Department) for HbAlc
analysis. Next, HbAlc levels were analyzed in the de-identified whole blood samples using a
High-Performance Liquid Chromatography (HPLC) (Agilent 1100 system (Santa Clara, CA,
USA), composed of quaternary pump, auto sampler, diode array detector (DAD), and HP

ChemStation Software was used).

3.6 Analytical Procedures

3.6.1 Macronutrient Analysis

Using Ghanaian food composition tables, the dietary macronutrient intake data was converted to
grams(De Jager et al., 2018; Peprah, 2014). The ESHA F Pro® software was then used to do a
comprehensive nutritional analysis to estimate individual macronutrient consumption. The

amount of calories, proteins, carbohydrates, saturated fat, monounsaturated fat, polyunsaturated
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fat, OMEGA 3, OMEGA 6, dietary fiber, cholesterol, and total fat consumed by each participant
were obtained from the ESHA F Pro following nutritional analysis. Findings were then compared

to an adult male's Dietary Reference Intake (DRI) (Mahan & Raymond, 2016).

3.6.2 Laboratory Metal Analysis and Quality Control

Metal Analysis
Baseline levels of Cd, and Pb in whole blood of e-waste recyclers and the control population have
already been analyzed using the Inductively Coupled Plasma Mass Spectrometer (ICPMS; Varian

820MS) and published by Takyi et al (2021).

Quality Control Measures

Prior to use, all tubes and pipette tips were acid-washed (cleaned, immersed 24 hours in 10%
hydrochloric acid, then rinsed three times in Milli-Q water). The specific reference materials where
obtained from the Institute National de Sante Publique du Quebec. Although analytical standards
were employed for each element to develop standard curves and gauge recovery, these reference
materials did not cover all of the elements we investigated. To calculate analytical precision, each
batch run includes duplicate processing (i.e., digestion and ICPMS analysis) of every 10th sample.
Finally, procedural blanks were included in each batch run, and the theoretical detection limit was
calculated as three times the standard deviation of the mean blank value for each element

examined.
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3.6.3 Laboratory Analysis of HbAlc and Quality Control Measures

Laboratory analysis of HbAlc levels

Diabetes is a chronic metabolic syndrome associated with increased blood glucose (or blood sugar)
levels, which can cause serious damage to the body organs over time. The most common is type 2
diabetes, which affects adults and develops when the body becomes insulin resistant or produces
insufficient insulin. Several diagnostic criteria have been approved by WHO as a validation tool
for the diagnosis of diabetes such as fasting blood sugar, HbA1lc, glucose intolerance and random
blood sugar (Care & Suppl, 2020). Here in this study, the HbAlc was used as a diagnostic tool for

diabetes in this project given their reliability (Florkowski, 2013; Sherwani et al., 2016).

4ul (microliters) of whole blood sample was aliquoted intolml of mobile phase A and invert
gently 8-9 times. The hemolyzate was transferred into HPLC vials and placed into the HPLC
machine for analysis, of which conditions were put in place during the analysis; The column used
was 35 x 4.6mm PolyCAT A® (3um, 1500A) with a back pressure of 1000PS|. Next the machine
was set to a wavelength of 415nm, and a runtime of 5.2mins. 20l of the hemolyzate was injected

for the HbAlc analysis and compared accordingly.
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Figure 3: Analysis of HbAlc in de-identified whole blood samples
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Quiality controls used during HbAlc measurement

All micro tubes and HPLC vials where cleaned with distilled water then rinse with mobile phase
A. Reference materials, namely Control level I, Control level 1l and FASC were obtained from the
PolyLC® group for calibration. Prior to sample analysis, Control | and Il were reconstituted by
pipetting 300pL of mobile phase A into each vial, stirred gently and then allowed to stand for
15mins. Next, 17uL of the reconstituted controls was pipetted into 1.983ml mobile phase A and
then injected into the HPLC machine for calibration, prior to sample analysis. Procedural blanks
were included in each batch run to check as part of the quality control measures employed. The
mean recovery (precision) was 93%, which was well within quality-control protocol target limits
(80-120). Samples were also compared to the standards to identify the retention peak times of

interest. The reference ranges for HbAlc levels measured after calibration was between 4.5-6.9%.

3.7 Data Processing and Analysis

Levels of Cd, Pb, HbAlc as well as the amount of macronutrient consumed the participants were
statistically analyzed using descriptive statistics such as means, standard deviation, median and
interquartile range. The prevalence of diabetes among e-waste recyclers and the comparison
population was reported using descriptive statistics such as proportions and 95 percent confidence
intervals (CIs). The relationship between metal exposures and HbAlc levels were assessed using
a simple linear regression model. Similarly, the model was used to investigate the relationship
between dietary macronutrient intake and blood glucose (HbA1c) levels of participants. Next, the
joint relationship between metal exposures, dietary macronutrient intake and blood glucose levels

were analyzed using the ordinary least square regression model.
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3.8 Ethical approval and consent to participate

The University of Ghana and the University of Michigan Institutional Review Boards (IRB)
approved the study protocols. The local chief of Agbogbloshie and Madina-Zongo permitted and
allowed our research team to enter the community to conduct this study. Written informed consent

was sought from each subject before participating in this study.
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CHAPTER FOUR

4.0 RESULTS

4.1 Social-demographic Characteristics of Study Population

Briefly, the e-waste recyclers were significantly younger and less educated than the comparison
population as published by Takyi et al., (2021). While a quarter of the e-waste recyclers had no
formal education, more than half of the reference population had completed senior secondary or
higher education (Takyi et al., 2021). Averagely more than fifty percent of the recyclers indicated
they worked for about 9 hours each day and had been in the industry for about 10 years, with over
half of the e-waste recyclers earning 20 to 100 Ghana cedis while 24% earning less than 20 Ghana

cedis (Nti et al., 2020b; Takyi et al., 2021).

4.2 Metals Exposure

The mean blood Pb (92.35 + 63.69 ug/L) levels significantly exceeded the U.S. CDC reference
level in about 84% of the e-waste recyclers, compared to the comparison group (40.67 £ 19.12
po/L) (Takyi et al 2021). Conversely, the average Cd levels in blood were significantly higher
among the comparison group (0.93 £ 0.64 ug/L), than the recycler group (0.73 + 0.55 pg/L) (Takyi

et al 2021).

4.3 Dietary Macronutrients Intake
Dietary consumption of Omega 6 and Polyunsaturated fatty acids were significantly higher among
the comparison group, than the recyclers [2.92 + 3.86, 4.55 + 5.02; p<0.05] (Table 1). Although

not statistically significant, the comparison group consumed more calories, total fats, and saturated
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fat [2067.34 £ 793.50, 74.32 + 50.63, 6.58 = 4.80; p>0.05]. Similarly, no relationship was
identified between dietary macronutrient intake and demographic factors including daily income
accrued, age, religion, job-task performed as well as educational background. Below is a tabulated

detail of the comparison of macronutrient intake between the e-waste recyclers and the comparison

group (Table 1).

Table 1. Dietary macronutrient intake of e-waste recyclers and comparison group.

E-waste Recycler Comparison Group p-value
Mean + SD Median (IQR) Mean + SD Median (IQR)
Total Calories (g) 2050.05 £ 673.05 1996.75 + 28.89 2067.34 + 793.50 1976.38 + 1165.5 0.75
Carbohydrates (g) 305.28 £ 105.93 295 £ 1245 289.901 + 118.74 271+ 175 0.39
Proteins (g) 72.15 £ 29.89 67.98 + 33.83 65.30 + 27.20 59.63 + 37.7 0.10
Total Fats (g) 66.57 £ 32.46 61.48 + 32.93 74.32 + 50.63 62.9 £ 37.85 0.64
Saturated Fats(g) 6.25 + 4.52 545+ 5.22 6.58 + 4.80 5.96 £ 6.34 0.73
Mono Fats (g) 6.99 £6.13 5.62 +4.92 9.04 + 8.33 7.44 +£7.26 0.10
Poly fats (g) 3.40 £5.00 1.94 £2.37 455 + 5.02 2.95+3.77 0.02*
Omega 3(g) 0.16 £0.14 0.12 £0.18 0.19 £ 0.17 0.14£0.19 0.46
Omega 6 (9) 1.89 +2.50 1.21+1.66 2.92 +3.86 1.88 +1.95 0.02*
Cholesterol(mg) 123.12 £ 97.21 91.5+132.15 99.75 + 77.56 91+914 0.28
Dietary Fibre () 19.32£11.11 1758 £ 13.5 20.89 + 13.97 17.43 £ 14.98 0.96

P-Value notation: p<0.05* for which reason their values were boldened

4.4 Prevalence of Diabetes

This study further investigated the prevalence of diabetes among the e-waste recyclers and
comparison group (Table 2). Diabetes prevalence was significantly higher among the comparison
population (Prev. = 41%, 95% C1: 28.41, 55.26%), compared to the recyclers (Prev. = 31.00%,
95% C1: 22.63, 40.84%) with a (p<0.05) (Table 2). When blood glucose (HbALc) levels were
further categorized into participants with either regulated or unregulated blood glucose levels, 78%
(95% CI. 64.83, 87.77) of the comparative population’s blood glucose levels were unregulated

(Table 2).
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Table 2: Prevalence of diabetes among e-waste recyclers and comparison group

Blood Glucose Categories E-waste recyclers Comparison Group ¥ (p-value)
% [95% CI] % [95% CI]

Blood Glucose Category 1 6.20 (0.05)
Low blood glucose levels (<4.5%) 27.00 [19.10, 36.69] 37.26 [24.81, 51.65]

Normal Blood glucose levels (4.5-6.9%) 42 .00 [32.63, 51.99] 21.57 [12.23, 35.17]
High blood glucose levels (>6.9%) 31.00 [22.63, 40.84] 41.18 [28.41, 55.26]

Blood Glucose Category 2 6.19 (0.01)
Regulated blood glucose (4.5-6.9%)  42.00 [32.63, 51.99] 21.57 [12.23, 35.17]
Unregulated blood glucose levels 58.00 [48.01, 67.37] 78.43 [64.83, 87.77]

(<4.5 and >6.9%)

4.5 Relationship between metal exposures and blood glucose levels

No statistically significant relationship was found between blood Pb or Cd exposure and blood
glucose levels of the e-waste recyclers and the comparison group, before and after adjusting for
cigarette smoking, alcohol intake, daily income accrued, age, body mass index (BMI), recycler
specific job task performed, marital status, and biomass exposure (Table 3). Similar results were
obtained when analysis was limited to the recyclers or the comparison group.

Table 3: Relationship between metals exposures and blood glucose levels of e-waste recyclers

and comparison group.

Metals Blood Glucose Levels (HbAlc (%))
(Mg/L) B [95% ClI]
E-waste recyclers and Comparison Group
B-Pb 0.003 [-.003, 0.009]
B-Cd -0.193 [-0.854, 0.467]
E-waste recyclers only
B-Pb 0.002 [0-.004, 0.008]
B-Cd 0.109 [-0.859, 1.077]
Comparison group only
B-Pb 0.028 [-0.010, 0.066]
B-Cd -0.589 [-1.740, 0.564]

p-value notation: p<0.05* Abbreviations: B-Pb: Blood Lead; B-Cd: Blood Cadmium; Random effects adjustments were made for
cigarette smoking, alcohol intake, daily income accrued, age, BMI, recycler specific job task performed, marital status, & biomass
exposure.
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4.6 Association between dietary macronutrient intake and blood glucose levels

The consumption of macronutrients like OMEGA 3 and cholesterol from food was associated with
significant increases in blood glucose levels of e-waste recyclers and the comparison group (Table
4a). Likewise, when the analyses was limited to the recyclers, intake of saturated fat, OMEGA 3
and cholesterol were associated with significant increases in blood glucose levels (p<0.05) (Table
4b). On the contrary, no significant relationships were observed among the comparison population

(Appendix 1).

Table 4a: Association between dietary macronutrient intake and blood glucose levels among e-

waste recyclers and comparison group.

Dietary Macronutrients Blood glucose levels (HbAlc (%))
B [95% CI]

Total Calories (g) -0.0001 [-0.001, 0.0004]
Carbohydrates (g) -0.0004 [-0.004, 0.003]
Proteins (g) 0.001 [-0.013, 0.014]
Total Fats (g) -0.003 [-0.012, 0.006]
Saturated Fats(g) 0.061 [-0.025, 0.147]
Mono Fats (g) 0.005 [-0.048, 0.058]
Poly fats (g) 0.015 [-0.054, 0.085]
Omega 3(g) 3.397* [1.010, 5.784]
Omega 6 () 0.089 [-0.030, 0.209]
Cholesterol(mg) 0.005* [.001, 0.009]
Dietary Fibre (9) -0.013 [-0.042, 0.018]

P-Value notation: p<0.05* for which reason their values were boldened
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Table 4b: Relationship between dietary macronutrient intake and blood glucose levels of e-

waste recyclers only

Dietary Macronutrients Blood glucose levels (HbAlc (%0))
B (95% CI)

Total Calories (g) -0.0004 [-0.001, 0.0003]
Carbohydrates (g) -0.002 [-0.007, 0.002]
Proteins (g) -0.008 [-0.024, 0.008]
Total Fats (Q) -0.002 [-0.016, 0.010]
Saturated Fats(g) 0.097 *[0.0002, 0.193]
Mono Fats () 0.020 [-0.046, 0.087]
Poly fats () 0.019 [-0.061, 0.099]
Omega 3(g) 4.800* [1.852, 7.748]
Omega 6 (g) 0.083 [-0.076, 0.243]
Cholesterol(mg) 0.004* [0.0003, 0.009]
Dietary Fibre () -0.003 [-0.042, 0.036]

P-Value notation: p<0.05* for which reason their values were boldened

4.7 Relationship between metal exposures, dietary macronutrient intake and blood glucose

levels of e-waste recyclers and comparison group

In the joint model, exposure to Pb (f=0.009; 95% C: 0.001, 0.017; p = 0.03), coupled with dietary
intake of cholesterol (=0.009; 95% C: 0.001, 0.017; p = 0.02) were found to be associated with
significant increases in blood glucose levels among the e-waste recyclers and comparison group
(Table 5a). Similar results were found when analysis was limited to only recyclers (Appendix 2).
Typically among the recyclers for instance, concurrently, while every 1 mg of cholesterol
consumed from food was associated with a 0.7% increase in blood glucose levels (95% CI: 0.001,

0.012; p = 0.015; Appendix 2), 1ug/L of Pb was found to significantly augment blood glucose
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levels by 0.9% (95% CI. 0.001, 0.017; p = 0.025; Appendix 2). Further in the model, high Pb
exposure and saturated fat intake was associated with significant increases in blood glucose levels
in both groups as well as among recyclers only (Table 5). In addition, dietary intake of OMEGA
3 was found to be associated with significant increases in blood glucose levels (p = 6.797; 95%
Cl: 2.960, 10.634; p = 0.001) in both groups after Cd exposure. Similar results were found when

analysis was restricted to the recyclers (Appendix 3).
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Table 5a: Relationship between Pb exposures, macronutrient intake and blood glucose levels of

e-waste recyclers and comparison group.

Variables Blood glucose levels (HbAlc (%6))
B (95% CI)

B-Pb 0.007 [-0.002, 0.015]
Total Calories -0.001 [-0.002, 0.001]
B-Pb 0.007 [-0.001, 0.015]
Carbohydrate (g) -0.005 [-0.012, 0.001]
B-Pb 0.007 [-0.001, 0.015]
Protein (g) 0.0001 [-0.030, 0.030]
B-Pb 0.007 [-0.001, 0.015]
Total Fats (g) -0.002 [-0.021, 0.016]
B-Pb 0.008* [0.00004, 0.016]
Saturated Fats (g) 0.136* [0.015, 0.258]
B-Pb 0.008 [-0.0005, 0.016]
Mono Fats (g) 0.044 [-0.037, 0.125]
B-Pb 0.008 [-0.001, 0.016]
Poly fats (g) 0.037 [-0.058, 0.132]
B-Pb 0.007* [0.0002, 0.015]
Omega 3 (g) 6.88* [3.247, 10.523]
B-Pb 0.008 [-0.0001, 0.016]
Omega 6 (g) 0.152 [-0.035, 0.339]
B-Pb 0.009* [0.001, 0.017]

Cholesterol (mg)

B-Pb
Dietary Fibre ()

0.007* [0.001, 0.012]

0.007 [-0.001, 0.015]
-0.016 [-0.070, 0.037]

P-Value notation: p<0.05* for which reason their values were boldened

Abbreviations: B-Pb: Blood Lead; Random effects adjustments were made for cigarette smoking, alcohol intake, daily income accrued, age, BMI,

weight, educational status, years of work, marital status and mean probability of adequacy

39



Table 6a: Relationship between Cd exposure, macronutrient intake and blood glucose levels of e-

waste recyclers and comparison group.

Variables Blood glucose levels (HbAlc (%0))
B (95% CI)
B-Cd 0.250 [-0.879, 1.379]
Total Calories -0.001 [-0.002, 0.0004]
B-Cd 0.223 [-0.900, 1.346]
Carbohydrate (g) -0.005 [-0.012, 0.002]
B-Cd 0.242 [-0.903, 1.388]
Protein (g) -0.001 [-0.032, 0.029]
B-Cd 0.273[-0.877, 1.423]
Total Fats (g) -0.004 [-0.023, 0.015]
B-Cd 0.175 [-0.933, 1.284]
Saturated Fats(g) 1.121 [-0.005, 0.246]
B-Cd 0.254 [-0.885, 1.394]
Mono Fats (g) 0.029 [-0.053, 0.111]
B-Cd 0.251 [-0.892, 1.395]
Poly fats (g) 0.018 [-0.077, 0.113]
B-Cd -0.088 [-1.133, 0.958]
Omega 3(g) 6.797* [2.960, 10.634]
B-Cd 0.232 [-0.895, 1.359]
Omega 6 (g) 0.121 [-0.069, 0.312]
B-Cd 0.265 [-.840, 1.370]

Cholesterol(mg)

B-Cd
Dietary Fibre ()

0.005 [-0.0001, 0.011]

0.335 [-0.075, 1.483]
-0.020 [-0.075, 0.035]

P-Value notation: p<0.05* for which reason their values were boldened
Abbreviations: B-Cd: Blood Cadmium; Random effects adjustments were made for cigarette smoking, alcohol intake, daily income accrued, age,
BMI, weight, educational status, years of work, marital status and mean probability of adequacy
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CHAPTER FIVE

5.0 DISCUSSION
Diabetes is progressively becoming one of the world's most common non-communicable diseases.
Importantly, diabetes remains public health priority, considering its growing global burden and its
implications on the quality of life as well as on the economy. Given that diabetes is now considered
as rising global health issue, understanding the role of environmental and occupational exposures

in the development or progression of diabetes remains critical.

5.1 Dietary macronutrient intake among e-waste recyclers and comparison population
Macronutrients are required in prescribed quantity to maintain a healthy body, by preventing
illnesses, thus allowing the normal function of the body. The dietary macronutrient consumption

data were obtained from the GEOHealth Il Study.

To the best of my knowledge, this study is one of the first to investigate the caloric and
macronutrient intake of groups exposed environmental toxins. Given that the e-waste recyclers
performed rigorous tasks, it is expected that they would have high energy demand and will operate
high metabolic rates as well. The current findings revealed that both e-waste recyclers and the
comparison group did have the appropriate energy balance, given the average caloric amounts
consumed. While literature on nutritional intake among groups exposed to toxicants remain
limited, previous studies have also documented poor caloric/ energy intake among active males.

For instance, like the recyclers, while average caloric intake was reported in the RODAMs study
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(Galbete et al., 2017), both groups did not meet the DRI of 2500-3000 Kcal as set by the American

Institute of Medicine (Trumbo et al., 2002).

Foods such as whole grain cereals, green leafy vegetables, lean meat, nuts are food sources rich in
OMEGA 6 and polyunsaturated fats. The mean contributions of total fats (including saturated fats,
polyunsaturated fats, omega 3, omega 6) carbohydrates and fiber for both e-waste recyclers and
the comparison group were lower than acceptable DRI like findings reported by (Y. Zhao & Araki,
2021). The intake of insufficient quantities of polyunsaturated fats, omega-3 and omega-6 fatty
acids could be attributable to increase cardiovascular risk, raised blood glucose levels, which may
lead to an onset of diabetes and inflammation (Maki et al., 2018; Sokota-Wysoczanska et al.,
2018). However, adequate dietary intake of fiber could help regulate blood glucose and cholesterol
levels in humans, inadequate intake may increase the risk of metabolic diseases including diabetes,
hypertension and cancers (Lattimer & Haub, 2010). Furthermore, Dietary fiber helps to regulate
blood glucose and cholesterol levels in humans (Lattimer & Haub, 2010). While the recyclers'
protein intake exceeded the DRI, this may be acceptable given their exposure to cuts and muscle

loss (Argilés et al., 2016), given the nature of their job.

5.2 Prevalence of diabetes among e-waste recyclers and comparison group

There are evidences of rising prevalence of diabetes in Ghana. Specifically, studies in the general
population in Ghana have reported a diabetes prevalence between 3.3 and 6% among members of
the general population, with the incidence increasing with age and being prevalent in urban than

rural areas (Gatimu et al., 2016). Here in this study, diabetes prevalence among the e-waste
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recyclers (31%) reported here was higher than prevalence reported for residents (22%) of
abandoned metal mines in Korea (Son et al., 2015). The variations in documented prevalence could

be attributable to occupational differences, metal exposures and sociodemographic variations.

Furthermore, diabetes was more prevalent in the comparison group, which might be linked to a
lack of physical activity, resulting from a poorly planned urbanization that lacks a favorable
environment for regular exercise, as well as uncontrolled food companies marketing junk food
(Doherty et al., 2014). Some researchers have documented a higher prevalence of diabetes among
sedentary workers compared to physically active groups, which is consistent with the current
findings, where diabetes prevalence was higher in the comparator population than in the recyclers.
For example, Gatimu et al., (2016) found that people with a low level of physical activity had a
significantly higher prevalence of diabetes (6.74 %; 95% CI: 0.42-8.51) than those with a high
level of physical activity (2.32%; 95% CI: 0.42-3.15) (Gatimu et al., 2016). Aside physical
activity, the higher prevalence of diabetes documented among the comparison group could be
linked to the increased environmental emissions like Cd from emissions of fumes from heavy
vehicular traffic, biomass burnings and dust from unpaved roads (Nti et al., 2020b; Takyi et al.,

2020; Takyi et al., 2021).

5.3 Relationship between metal exposures and blood glucose levels
Several studies have been conducted in an attempt to elucidate the link between heavy metal
exposure and diabetes, yet inconsistent results have been reported (Barregard et al., 2013; Borné

etal., 2014; Chang et al., 2021; Forte et al., 2013; Hansen et al., 2017). For instance, after adjusting
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for age, body mass index, fasting blood glucose, total cholesterol, and triglyceride levels, HbAlc
was positively related to the Log of blood Pb in a non-diabetic population (Chang et al., 2021).
Further, Chang et al., (2021) also suggested Pb exposure as a risk factor of future development of
diabetes. On the contrary, Cai et al., (2022), neither observed an overall effect of Pb and Cd plasma
levels on HbAlc, nor the interaction effect of the metals on HbAlc (Cai et al., 2022). The
variations in associations could be linked to level of exposure and concentration of metals exposed

to.

Much like other baseline and even large-scale cohort studies (Barregard et al., 2013; Chang et al.,
2021; Ji et al., 2021Db), blood Cd was not associated with HbAlc levels. However, other authors
have reported significant associations between Cd exposure and HbAlc levels in humans. For
example, Borné et al., (2014). The absence of an association between Cd exposure and HbAlc
levels can be explained by the lower blood mean levels of Cd reported among both e-waste

recyclers and the comparison group in this study, as reported by Takyi et al., (2021).

5.4 Relationship between dietary macronutrient intake and HbAlc

Higher adherence to traditional dietary sources (meals based on starchy carbohydrates, lower fat
and saturated fat content, more fruits and vegetables) has been linked to lower HbAlc levels
(Churuangsuk et al., 2020). This study found positive relationships between total dietary fat and
cholesterol intake, like findings reported elsewhere. For example, Churuangsuk et al., (2020)

reported that higher cholesterol fat and saturated fat intakes were linked to higher percent HbAlc
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among persons aged > 16 years, during eight waves of the UK National Diet and Nutrition Survey
(2008-2016) (Churuangsuk et al., 2020). Likewise, a significant increase in HbAlc, as well as
LDL-cholesterol, triglycerides, and C-reactive protein (p 0.05) was found to be related to increased
fat intake (from 25% to 35%) (Vitale et al., 2016). Given that high saturated fat diet is linked to
insulin resistance and the development of type 2 diabetes (von Frankenberg et al., 2017),
appropriate dietary intake remains necessary to prevent the exacerbation of diabetes and related
co-morbidities. Accordingly, consuming more of monounsaturated fat and polyunsaturated fat in
place of saturated fat or carbohydrate has a tendency of improving HbAlc levels and may further

have positive effects on insulin secretion (Imamura et al., 2016).

OMEGA 3 fatty acids have been shown to have significant impacts on human health in clinical,
experimental, and epidemiological studies (Reimers & Ljung, 2019; Shahidi & Ambigaipalan,
2018). The low dietary intake of omega-3 fatty acids in e-waste recyclers and the comparison
group, on the other hand, might explain the positive relationship between omega-3 fatty acids and
HbA1c levels measured in this study. Some studies have shown that omega-3 has potential anti-
inflammatory properties and a positive effect on improving insulin sensitivity (Gonzélez-Périz et
al., 2009; Yan et al., 2013). Therefore, people living in both polluted and cleaner cities ought to be
educated on the need for adequate intake of healthy fats like Omega-3 and early supplementation
to boost their metabolic health. In addition, some authors have detailed that fish-derived OMEGA
3 fatty acids appear to be particularly protective against pollutant-induced inflammation, and other
forms of lipid disposition may serve as a regulatory platform for OMEGA 3 fatty acid-mediated
cellular protection (Layne et al., 2010; Majkova et al., 2010). Despite the evidence that both the

quantity and type of carbohydrate in a food affect blood glucose levels, and total amount of

45



carbohydrate consumed is the primary predictor of glycemic response (Hakeem et al., 2018;
Wolever et al., 2008), this study found no link between carbohydrate intake and HbAlc. Further,
the current study neither found significant associations between carbohydrate intake nor proteins

with HbA1c levels.

5.5 Relationship between metal exposures dietary macronutrient intake and blood glucose
levels.

The findings of this study seem to suggest that a poor dietary macronutrient intake combined with
metal exposures may increase HbALc levels in humans. In the joint effect model, for example,
high Pb exposure combined with dietary cholesterol and saturated fat consumption was found to
be associated with a significant increase in HbA1c levels in both groups as well as recyclers only.
This could be attributed to poor dietary habits coupled with increased metal exposure associated

with informal e-waste recycling.

While Pb lead is known to trigger oxidative stress by activating reactive oxygen species (ROS)
and inhibiting the insulin-signaling pathway, several studies have found that it increased insulin
resistance and diabetes (Matovi¢ et al., 2015; Tangvarasittichai, 2015; Zhai et al., 2015). In
humans, macronutrients such as dietary cholesterol and saturated fat intake have also been shown
to increase insulin resistance (Biobaku et al., 2019; Dandona et al., 2010; Wali et al., 2021).
Although temporality cannot be assumed due to the cross-sectional study design employed, the

combined effects of Pb and macronutrients like cholesterol and saturated fats may be linked to
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increases in participants' HbAlc levels. Despite the fact that this study measured lower intake of
unhealthy fats such as dietary cholesterol and saturated fats, blood glucose levels were found to be
significantly associated with increased Pb exposure. These findings highlight the importance of
consistent and appropriate dietary education in both toxicant-exposed groups and the general

population to prevent unbalanced dietary fat intake and increased diabetes risks.

Evidences from this study may serve as basis to help inform dietary guidelines for macronutrients
that can improve metabolic health in both exposed groups like recyclers as well as in the general
population. To improve the lipid profile and diabetes management, several nutrition-related
institutions recommend replacing saturated fat with monounsaturated or polyunsaturated fat
(Dyson et al., 2011; Evert et al., 2013). Particularly, the consumption of plant-based meals are not
only lower in saturated fats, but they are also lower in calories and higher in minerals and fiber,

requisite to HbA1c levels in humans.
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CHAPTER SIX

CONCLUSION
In conclusion, aside the adequate intake of proteins, this study highlights inadequate intake of
macronutrients like carbohydrates, fiber and polyunsaturated fats (OMEGA 3 and OMEGA 6)
among e-waste recyclers and the comparison group. Prevalence of diabetes was higher among the
comparison group, given their sedentary job nature, relative to recyclers who performed vigorous
work-tasks. Although unhealthy fats like dietary cholesterol and saturated fats were inadequately
consumed, the exposure to Pb and Cd, together with a reduced intake of these fats may still increase

the risk of diabetes among both e-waste recyclers and the general population.

RECOMMENDATIONS:
» Research and Education
e |t is suggested that mechanistic studies be designed to focus on how macronutrients and
pollutants interfere with glucose metabolism.
» Government
e Public health education and promotion focusing on adequate nutrient intake and healthy
eating strategies in both e-waste recyclers and the general populations explored and

intensified in the Ghana.

48



Strengths of the study:

e To the best of my knowledge, this study is the first to investigate the joint relationship
between metal exposures, dietary macronutrient intake and blood glucose levels among
male e-waste recyclers in Ghana and elsewhere.

e Secondly, this study provides firsthand data on the prevalence of diabetes among toxicant-

exposed groups in Ghana, such as e-waste recyclers.

Limitations of the study:
o Employing a cross sectional design for this study does not allow for the assumption
of temporality, thus limits one’s ability to make inferences.
e This study did not measure the physical activity of participants, although it has been

shown to influence nutritional as well as metabolic status.

49



REFERENCES

Agamuthu, P., Kasapo, P., & Mohd Nordin, N. A. (2015). E-waste flow among selected
institutions of higher learning using material flow analysis model. Resources,
Conservation and Recycling, 105, 177-185.

https://doi.org/10.1016/j.resconrec.2015.09.018

Akormedi, M., Asampong, E., & Fobil, J. N. (2013). Working conditions and environmental
exposures among electronic waste workers in Ghana. International Journal of
Occupational and Environmental Health, 19(4), 278-286.

https://doi.org/10.1179/2049396713Y.0000000034

Alkhajah, T. A., Reeves, M. M., Eakin, E. G., Winkler, E. A. H., Owen, N., & Healy, G. N.
(2012). Sit-stand workstations: A pilot intervention to reduce office sitting time.
American Journal of Preventive Medicine, 43(3), 298-303.

https://doi.org/10.1016/j.amepre.2012.05.027

Alli, L. A. (2015). Blood level of cadmium and lead in occupationally exposed persons in
Gwagwalada, Abuja, Nigeria. Interdisciplinary Toxicology, 8(3), 146-150.

https://doi.org/10.1515/intox-2015-0022

Amankwaa, E. F., Adovor Tsikudo, K. A., & Bowman, J. (2017). ‘Away’ is a place: The
impact of electronic waste recycling on blood lead levels in Ghana. Science of the Total

Environment, 601-602, 1566-1574. https://doi.org/10.1016/j.scitotenv.2017.05.283

Amoah, A. G. B., Owusu, S. K., & Adjei, S. (2002). Diabetes in Ghana: A community based
prevalence study in Greater Accra. Diabetes Research and Clinical Practice, 56(3),

197-205. https://doi.org/10.1016/S0168-8227(01)00374-6

50



Argilés, J. M., Campos, N., Lopez-Pedrosa, J. M., Rueda, R., & Rodriguez-Mafias, L. (2016).
Skeletal Muscle Regulates Metabolism via Interorgan Crosstalk: Roles in Health and
Disease. Journal of the American Medical Directors Association, 17(9), 789-796.

https://doi.org/10.1016/j.jamda.2016.04.019

Asamoah-Boaheng, M., Sarfo-Kantanka, O., Tuffour, A. B., Eghan, B., & Mbanya, J. C.
(2019). Prevalence and risk factors for diabetes mellitus among adults in Ghana: A
systematic review and meta-analysis. International Health, 11(2), 83-92.

https://doi.org/10.1093/inthealth/ihy067

Augustin, L. S. A., Kendall, C. W. C., Jenkins, D. J. A., Willett, W. C., Astrup, A., Barclay,
A. W., Bjorck, I., Brand-Miller, J. C., Brighenti, F., Buyken, A. E., Ceriello, A., la
Vecchia, C., Livesey, G., Liu, S., Riccardi, G., Rizkalla, S. W., Sievenpiper, J. L.,
Trichopoulou, A., Wolever, T. M. S., ... Poli, A. (2015). Glycemic index, glycemic load
and glycemic response: An International Scientific Consensus Summit from the
International Carbohydrate Quality Consortium (ICQC). Nutrition, Metabolism and
Cardiovascular Diseases, 25(9), 795-815.

https://doi.org/10.1016/j.numecd.2015.05.005

Baffy, G., Brunt, E. M., & Caldwell, S. H. (2012). Hepatocellular carcinoma in non-alcoholic
fatty liver disease: An emerging menace. Journal of Hepatology, 56(6), 1384-1391.

https://doi.org/10.1016/j.jhep.2011.10.027

Bakhiyi, B., Gravel, S., Ceballos, D., Flynn, M. A., & Zayed, J. (2018). Has the question of

e-waste opened a Pandora’s box? An overview of unpredictable issues and challenges.

51



Environment International, 110(August), 173-192.

https://doi.org/10.1016/j.envint.2017.10.021

Barnard, N., Levin, S., & Trapp, C. (2014). Meat consumption as a risk factor for type 2

diabetes. In Nutrients (Vol. 6, Issue 2, pp. 897-910). https://doi.org/10.3390/nu6020897

Barregard, L., Bergstrom, G., & Fagerberg, B. (2013). Cadmium exposure in relation to
insulin production, insulin sensitivity and type 2 diabetes: A cross-sectional and
prospective study in women. Environmental Research, 121, 104-109.

https://doi.org/10.1016/j.envres.2012.11.005

Beigrezaei, S., Ghiasvand, R., Feizi, A., & Iraj, B. (2019). Relationship between dietary
patterns and incidence of type 2 diabetes. International Journal of Preventive Medicine,

10(1), 122. https://doi.org/10.4103/ijpvm.ijpvm_206 17

Bensellam, M., Laybutt, D. R., & Jonas, J.-C. (2021). Emerging Roles of Metallothioneins in
Beta Cell Pathophysiology: Beyond and above Metal Homeostasis and Antioxidant

Response. Biology, 10(3), 176. https://doi.org/10.3390/biology10030176

Bhupathiraju, S. N., & Hu, F. B. (2016). Epidemiologia de la Obesidad y la Diabetes y sus
Complicaciones Cardiovasculares. Circulation Research, 118(11), 1723-1735.

https://doi.org/10.1161/CIRCRESAHA.115.306825.Epidemiology

Biobaku, F., Ghanim, H., Batra, M., & Dandona, P. (2019). Macronutrient-Mediated
Inflammation and Oxidative Stress: Relevance to Insulin Resistance, Obesity, and
Atherogenesis. J Clin Endocrinol Metab, 104(12), 6118-6128.

https://doi.org/10.1210/jc.2018-01833

52



Borné, Y., Fagerberg, B., Persson, M., Sallsten, G., Forsgard, N., Hedblad, B., Barregard, L.,
& Engstrom, G. (2014). Cadmium exposure and incidence of diabetes mellitus - Results
from the Malmé Diet and Cancer study. PLoS ONE, 9(11).

https://doi.org/10.1371/journal.pone.0112277

Bril, F., & Cusi, K. (2017). Management of nonalcoholic fatty liver disease in patients with
type 2 diabetes: A call to action. Diabetes Care, 40(3), 419-430.

https://doi.org/10.2337/dc16-1787

Buha, A., Dukié-Cosié, D., Curéi¢, M., Bulat, Z., Antonijevi¢, B., Moulis, J. M., Goumenou,
M., & Wallace, D. (2020). Emerging links between cadmium exposure and insulin
resistance: Human, animal, and cell study data. In Toxics (Vol. 8, lIssue 3).

https://doi.org/10.3390/TOXICS8030063

Buha, A., Wallace, D., Matovic, V., Schweitzer, A., Oluic, B., Micic, D., & Djordjevic, V.
(2017). Cadmium exposure as a putative risk factor for the development of pancreatic
cancer: Three different lines of evidence. BioMed Research International, 2017(Cd).

https://doi.org/10.1155/2017/1981837

Buhari, O., Dayyab, F. M., Igbinoba, O., Atanda, A., Medhane, F., & Faillace, R. T. (2020).
The association between heavy metal and serum cholesterol levels in the US population:
National Health and Nutrition Examination Survey 2009-2012. Human and

Experimental Toxicology, 39(3), 355-364. https://doi.org/10.1177/0960327119889654

Cai, J., Li, Y., Liu, S, Liu, Q., Min xu, Zhang, J., Wei, Y., Mo, X,, Lin, Y., Tang, X., Mai,

T.,Mo, C., Luo, T., Huang, S., Lu, H., Zhang, Z., & Qin, J. (2022). Associations between

53



multiple heavy metals exposure and glycated hemoglobin in a Chinese population.

Chemosphere, 287(P2), 132159. https://doi.org/10.1016/j.chemosphere.2021.132159

Care, D., & Suppl, S. S. (2020). Classification and diagnosis of diabetes: Standards of
Medical Care in Diabetes-2020. Diabetes Care, 43(January), S14-S31.

https://doi.org/10.2337/dc20-S002

Castriota, F., Rieswijk, L., Dahlberg, S., la Merrill, M. A., Steinmaus, C., Smith, M. T., &
Wang, J. C. (2020). A state-of-the-science review of arsenic’s effects on glucose
homeostasis in experimental models. In Environmental Health Perspectives (Vol. 128,

Issue 1). https://doi.org/10.1289/EHP4517

Chang, C. W., Wang, C. W., Wu, D. W., Lee, W. H., Chen, Y. C,, Liu, Y. H., Li, C. H., Tsai,
C.C., Lin,W. Y., Chen, S.C., Hung, C. H., Kuo, C. H., & Su, H. M. (2021). Significant
association between blood lead (Pb) level and haemoglobin Alc in non-diabetic
population. Diabetes and Metabolism, 47(5), 101233.

https://doi.org/10.1016/j.diabet.2021.101233

Chanpiwat, P., Hensawang, S., Suwatvitayakorn, P., & Ponsin, M. (2019). Risk assessment
of bioaccessible arsenic and cadmium exposure through rice consumption in local
residents of the Mae Tao Sub-district, Northwestern Thailand. Environmental

Geochemistry and Health, 41(1), 343-356. https://doi.org/10.1007/s10653-018-0098-8

Chen, Y., Michalak, M., & Agellon, L. B. (2018). Importance of Nutrients and Nutrient
Metabolism on Human Health. In YALE JOURNAL OF BIOLOGY AND MEDICINE

(Vol. 91).

54



Chen, Y., Qu, J., Sun, S., Shi, Q., Feng, H., Zhang, Y., & Cao, S. (2021). Health risk
assessment of total exposure from cadmium in South China. Chemosphere, 269, 128673.

https://doi.org/10.1016/j.chemosphere.2020.128673

Chitturi, R., Baddam, V. R., Prasad, L., Prashanth, L., & Kattapagari, K. (2015). A review on
role of essential trace elements in health and disease. Journal of Dr. NTR University of

Health Sciences, 4(2), 75. https://doi.org/10.4103/2277-8632.158577

Churuangsuk, C., Michael, -, Lean, E. J., & Combet, E. (2020). Lower carbohydrate and
higher fat intakes are associated with higher hemoglobin Alc: findings from the UK
National Diet and Nutrition Survey 2008-2016. European Journal of Nutrition, 59,

2771-2782. https://doi.org/10.1007/s00394-019-02122-1

Cooper, A. J., Khaw, K. T., Sharp, S. J., Wareham, N. J., Lentjes, M. A. H., Forouhi, N. G.,
& Luben, R. N. (2012). A prospective study of the association between quantity and
variety of fruit and vegetable intake and incident type 2 diabetes. Diabetes Care, 35(6),

1293-1300. https://doi.org/10.2337/dc11-2388

Dandona, P., Ghanim, H., Chaudhuri, A., Dhindsa, S., & Kim, S. S. (2010). Macronutrient
intake induces oxidative and inflammatory stress: potential relevance to atherosclerosis
and insulin resistance. EXPERIMENTAL and MOLECULAR MEDICINE, 42(4), 245—

253. https://doi.org/10.3858/emm.2010.42.4.033

Daum, K., Stoler, J., & Grant, R. J. (2017). Toward a more sustainable trajectory for e-waste
policy: A review of a decade of e-waste research in Accra, Ghana. International Journal
of Environmental Research and Public Health, 14(2).

https://doi.org/10.3390/ijerph14020135

55


https://doi.org/10.4103/2277-8632.158577
https://doi.org/10.3390/ijerph14020135

De Jager, 1., Giller, K. E., & Brouwer, I. D. (2018). Food and nutrient gaps in rural Northern
Ghana: Does production of smallholder farming households support adoption of food-
based dietary guidelines? In PLoS ONE (Vol. 13, Issue 9).

https://doi.org/10.1371/journal.pone.0204014

Diabetes, D. O. F. (2013). Diagnosis and classification of diabetes mellitus. Diabetes Care,

36(SUPPL.1), 67—74. https://doi.org/10.2337/dc13-S067

Doherty, M. L., Owusu-Dabo, E., Kantanka, O. S., Brawer, R. O., & Plumb, J. D. (2014).
Type 2 diabetes in a rapidly urbanizing region of Ghana, West Africa: A qualitative
study of dietary preferences, knowledge and practices. BMC Public Health, 14(1), 1-8.

https://doi.org/10.1186/1471-2458-14-1069

Du, B., Zhou, J., Lu, B., Zhang, C., Li, D., Zhou, J., Jiao, S., Zhao, K., & Zhang, H. (2020).
Environmental and human health risks from cadmium exposure near an active lead-zinc
mine and a copper smelter, China. Science of the Total Environment, 720, 137585.

https://doi.org/10.1016/j.scitotenv.2020.137585

Dufault, R., Berg, Z., Crider, R., Schnoll, R., Wetsit, L., Two Bulls, W., Gilbert, S. G.,
Kingston, S. ", Wolle, M. M., Rahman, G. M. M., & Laks, D. R. (2015). Blood inorganic
mercury is directly associated with glucose levels in the human population and may be
linked to processed food intake. Research Article Integrative Molecular Medicine, 2(3),

166-179. https://doi.org/10.15761/IMM.1000134

Dyson, P. A., Kelly, T., Deakin, T., Duncan, A., Frost, G., Harrison, Z., Khatri, D., Kunka,
D., Mcardle, P., Mellor, D., & Oliver, L. (2011). Diabetes UK Position Statements and

Care Recommendations Diabetes UK evidence-based nutrition guidelines for the

56



prevention and management of diabetes. 28, 1282-1288. https://doi.org/10.1111/j.1464-

5491.2011.03371.x

Edwards, J., & Ackerman, C. (2016). SCIENCE BENTHAM. Current Diabetes Reviews,

12(3).

Erber, E., Hopping, B. N., Grandinetti, A., Park, S. Y., Kolonel, L. N., & Maskarinec, G.
(2010). Dietary patterns and risk for diabetes: The multiethnic cohort. Diabetes Care,

33(3), 532-538. https://doi.org/10.2337/dc09-1621

Evert, A. B., Boucher, J. L., Cypress, M., Dunbar, S. A., Franz, M. J., Mayer-Dauvis, E. J.,
Neumiller, J. J., Nwankwo, R., Verdi, C. L., Urbanski, P., & Yancy, W. S. (2013).
Nutrition therapy recommendations for the management of adults with diabetes.

Diabetes Care, 36(11), 3821-3842. https://doi.org/10.2337/dc13-2042

Faulk, C., Barks, A., Sanchez, B. N., Zhang, Z., Anderson, O. S., Peterson, K. E., & Dolinoy,
D. C. (2014). Perinatal lead (Pb) exposure results in sex-specific effects on food intake,
fat, weight, and insulin response across the murine life-course. PLoS ONE, 9(8).

https://doi.org/10.1371/journal.pone.0104273

Feinman, R. D., Pogozelski, W. K., Astrup, A., Bernstein, R. K., Fine, E. J., Westman, E. C.,
Accurso, A., Frassetto, L., Gower, B. A., McFarlane, S. I., Nielsen, J. V., Krarup, T.,
Saslow, L., Roth, K. S.; Vernon, M. C., Volek, J. S., Wilshire, G. B., Dahlgvist, A.,
Sundberg, R., ... Worm, N. (2015). Dietary carbohydrate restriction as the first approach
in diabetes management: Critical review and evidence base. Nutrition, 31(1), 1-13.

https://doi.org/10.1016/j.nut.2014.06.011

57


https://doi.org/10.2337/dc13-2042
https://doi.org/10.1016/j.nut.2014.06.011

Feng, W., Cui, X,, Liu, B., Liu, C., Xiao, Y., Lu, W., Guo, H., He, M., Zhang, X., Yuan, J.,
Chen, W., & Wu, T. (2015). Association of urinary metal profiles with altered glucose
levels and diabetes risk: A population-based study in China. PLoS ONE, 10(4).

https://doi.org/10.1371/journal.pone.0123742

Feldt, T., Fobil, J. N., Wittsiepe, J., Wilhelm, M., Till, H., Zoufaly, A., Burchard, G., & Goen,
T. (2014). High levels of PAH-metabolites in urine of e-waste recycling workers from
Agbogbloshie, Ghana. Science of the Total Environment, 466-467, 369-376.

https://doi.org/10.1016/j.scitotenv.2013.06.097

Figueiredo, P. S., Inada, A. C., Marcelino, G., Cardozo, C. M. L., Freitas, K. de C,,
Guimarées, R. de C. A., de Castro, A. P., do Nascimento, V. A., & Hiane, P. A. (2017).
Fatty acids consumption: The role metabolic aspects involved in obesity and its

associated disorders. In Nutrients (\Vol. 9, Issue 10). https://doi.org/10.3390/nu9101158

Fittipaldi, S., Bimonte, V. M., Soricelli, A., Aversa, A., Lenzi, A., Greco, E. A., & Migliaccio,
S. (2019). Cadmium exposure alters steroid receptors and proinflammatory cytokine
levels in endothelial cells in vitro: a potential mechanism of endocrine disruptor
atherogenic effect. Journal of Endocrinological Investigation, 42(6), 727-739.

https://doi.org/10.1007/s40618-018-0982-1

Florkowski, C. (2013). HbAlc as a diagnostic test for diabetes mellitus - Reviewing the

evidence. Clinical Biochemist Reviews, 34(2), 75-83.

Forouzanfar, M. H., Alexander, L., Bachman, V. F., Biryukov, S., Brauer, M., Casey, D.,
Coates, M. M., Delwiche, K., Estep, K., Frostad, J. J., Astha, K. C., Kyu, H. H., Moradi-

Lakeh, M., Ng, M., Slepak, E., Thomas, B. A., Wagner, J., Achoki, T., Atkinson, C., ...

58



Zhu, S. (2015). Global, regional, and national comparative risk assessment of 79
behavioural, environmental and occupational, and metabolic risks or clusters of risks in
188 countries, 1990-2013: A systematic analysis for the Global Burden of Disease Study
2013. The Lancet, 386(10010), 2287-2323. https://doi.org/10.1016/S0140-

6736(15)00128-2

Forte, G., Bocca, B., Peruzzu, A., Tolu, F., Asara, Y., Farace, C., Oggiano, R., & Madeddu,
R. (2013). Blood metals concentration in type 1 and type 2 diabetics. Biological Trace

Element Research, 156(1-3), 79-90. https://doi.org/10.1007/s12011-013-9858-6

Forti, V., Baldé, C. P., Kuehr, R., & Bel, G. (2020). The Global E-waste Monitor 2020 (Issue

July). http://ewastemonitor.info/

Fu, J., Woods, C. G., Yehuda-Shnaidman, E., Zhang, Q., Wong, V., Collins, S., Sun, G.,
Andersen, M. E., & Pi, J. (2010). Low-level arsenic impairs glucose-stimulated insulin
secretion in pancreatic beta cells: Involvement of cellular adaptive response to oxidative
stress. Environmental Health Perspectives, 118(6), 864-870.

https://doi.org/10.1289/ehp.0901608

Galbete, C., Nicolaou, M., Meeks, K. A., Aikins, A. D. G., Addo, J., Amoah, S. K., Smeeth,
L., Owusu-Dabo, E., Klipstein-Grobusch, K., Bahendeka, S., Agyemang, C.,
Mockenhaupt, F. P., Beune, E. J., Stronks, K., Schulze, M. B., & Danquah, 1. (2017).
Food consumption, nutrient intake, and dietary patterns in ghanaian migrants in europe
and their compatriots in Ghana. Food and Nutrition Research, 61.

https://doi.org/10.1080/16546628.2017.1341809

59



Gangwar, C., Choudhari, R., Chauhan, A., Kumar, A., Singh, A., & Tripathi, A. (2019).
Assessment of air pollution caused by illegal e-waste burning to evaluate the human
health risk. Environment International, 125(November 2018), 191-199.

https://doi.org/10.1016/j.envint.2018.11.051

Gao, M., Zhou, J., Liu, H., Zhang, W., Hu, Y., Liang, J., & Zhou, J. (2018). Foliar spraying
with silicon and selenium reduces cadmium uptake and mitigates cadmium toxicity in
rice.  Science of the Total Environment,  631-632, 1100-1108.

https://doi.org/10.1016/j.scitotenv.2018.03.047

Garcia-Perez, 1., Posma, J. M., Gibson, R., Chambers, E. S., Hansen, T. H., Vestergaard, H.,
Hansen, T., Beckmann, M., Pedersen, O., Elliott, P., Stamler, J., Nicholson, J. K.,
Draper, J., Mathers, J. C., Holmes, E., & Frost, G. (2017). Objective assessment of
dietary patterns by use of metabolic phenotyping: a randomised, controlled, crossover
trial.  The  Lancet  Diabetes and  Endocrinology, 5(3), 184-195.

https://doi.org/10.1016/S2213-8587(16)30419-3

Gatimu, S. M., Milimo, B. W., & Sebastian, M. S. (2016). Prevalence and determinants of
diabetes among older adults in Ghana. BMC Public Health, 16(1), 1-12.

https://doi.org/10.1186/s12889-016-3845-8

Gerber, P. A., & Rutter, G. A. (2017). The Role of Oxidative Stress and Hypoxia in Pancreatic
Beta-Cell Dysfunction in Diabetes Mellitus. In Antioxidants and Redox Signaling (Vol.

26, Issue 10, pp. 501-518). https://doi.org/10.1089/ars.2016.6755

60


https://doi.org/10.1186/s12889-016-3845-8

Gerich, J. E. (2010). Role of the kidney in normal glucose homeostasis and in the
hyperglycaemia of diabetes mellitus: Therapeutic implications. Diabetic Medicine,

27(2), 136-142. https://doi.org/10.1111/j.1464-5491.2009.02894.x

Gonzélez-Périz, A., Horrillo, R., Ferré, N., Gronert, K., Dong, B., Moran-Salvador, E., Titos,
E., Martinez-Clemente, M., L6 pez-Parra, M., Arroyo, V., & Claria, J. (2009). Obesity-
induced insulin resistance and hepatic steatosis are alleviated by-3 fatty acids: a role for
resolvins and protectins. The FASEB Journal * Research Communication FASEB J, 23,

1946-1957. https://doi.org/10.1096/f].08-125674

Guasch-Ferré, M., Hruby, A., Toledo, E., Clish, C. B., Martinez-Gonzalez, M. A., Salas-
Salvado, J., & Hu, F. B. (2016). Metabolomics in prediabetes and diabetes: A systematic
review and meta-analysis. In Diabetes Care (Vol. 39, Issue 5, pp. 833-846).

https://doi.org/10.2337/dc15-2251

Guo, P., Xu, X., Huang, B., Sun, D., & Zhang, J. (2014). Blood Lead Levels and Associated
Factors among Children in Guiyu of China: A Population-Based Study. PLoS ONE, 9(8),

105470. https://doi.org/10.1371/journal.pone.0105470

Guo, Y., Huang, Z., Sang, D., Gao, Q., & Li, Q. (2020). The Role of Nutrition in the
Prevention and Intervention of Type 2 Diabetes. Frontiers in Bioengineering and

Biotechnology, 8(September), 1-15. https://doi.org/10.3389/fbioe.2020.575442

Hakeem, R., Shiraz, M., Riaz, M., Fawwad, A., & Basit, A. (2018). Association of dietary
patterns with glycated haemoglobin among Type 2 diabetics in Karachi, Pakistan.

Journal of Diabetology, 9(2), 59. https://doi.org/10.4103/jod.jod_4 18

61



Hansen, A. F., Simi¢, A., Asvold, B. O., Romundstad, P. R., Midthjell, K., Syversen, T., &
Flaten, T. P. (2017). Trace elements in early phase type 2 diabetes mellitus—A
population-based study. The HUNT study in Norway. Journal of Trace Elements in

Medicine and Biology, 40, 46-53. https://doi.org/10.1016/j.jtemb.2016.12.008

Heacock, M., Trottier, B., Adhikary, S., Asante, K. A., Basu, N., Brune, M. N., Caravanos,
J., Carpenter, D., Cazabon, D., Chakraborty, P., Chen, A., Barriga, F. Di., Ericson, B.,
Fobil, J., Haryanto, B., Huo, X., Joshi, T. K., Landrigan, P., Lopez, A., ... Suk, W.
(2018). Prevention-intervention strategies to reduce exposure to e-waste. Reviews on

Environmental Health, 33(2), 219-228. https://doi.org/10.1515/reveh-2018-0014

Hehua, Z., Yang, X., Qing, C., Shanyan, G., & Yuhong, Z. (2021). Dietary patterns and
associations between air pollution and gestational diabetes mellitus. Environment

International, 147, 106347. https://doi.org/10.1016/j.envint.2020.106347

Herforth, A., & Ahmed, S. (2015). The food environment, its effects on dietary consumption,
and potential for measurement within agriculture-nutrition interventions. Food Security,

7(3), 505-520. https://doi.org/10.1007/s12571-015-0455-8

He, Y.,Ma, G., Zhai, F., Li, Y., Hu, Y., Feskens, E. J. M., & Yang, X. (2009). Dietary patterns
and glucose tolerance abnormalities in Chinese adults. Diabetes Care, 32(11), 1972—

1976. https://doi.org/10.2337/dc09-0714

Hong, H., Xu, Y., Xu, J., Zhang, J., Xi, Y., Pi, H., Yang, L., Yu, Z., Wu, Q., Meng, Z., Ruan,
W. S., Ren, Y., Xu, S., Lu, Y. Q., & Zhou, Z. (2021). Cadmium exposure impairs
pancreatic B-cell function and exaggerates diabetes by disrupting lipid metabolism.

Environment International, 149. https://doi.org/10.1016/j.envint.2021.106406

62



Hu, K., Martorell mmartorell, M., Daniela Calina, udeccl, Cho, W. C., Sharifi-Rad, J., Kumar,
A. N., Fokou, T. P., Mishra, P. A., Rayess, E. Y., Sharifi-Rad, M., Anil Kumar, N. v,
Zucca, P., Maria Varoni, E., Dini, L., Panzarini, E., Rajkovic, J., Valere Tsouh Fokou,
P., Azzini, E., Peluso, 1., ... Calina, D. (2020). Lifestyle, Oxidative Stress, and
Antioxidants: Back and Forth in the Pathophysiology of Chronic Diseases. Front.

Physiol, 11, 694. https://doi.org/10.3389/fphys.2020.00694

Hwang, M. J., Kim, J. H., Koo, Y. S., Yun, H. Y., & Cheong, H. K. (2020). Impacts of
ambient air pollution on glucose metabolism in Korean adults: A Korea National Health
and Nutrition Examination Survey study. Environmental Health: A Global Access

Science Source, 19(1). https://doi.org/10.1186/s12940-020-00623-9

International, B. M. R. (2020). Retracted: Biomedical Implications of Heavy Metals Induced
Imbalances in Redox Systems. BioMed Research International, 2020, 1913853.

https://doi.org/10.1155/2020/1913853

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B. B., & Beeregowda, K. N. (2014).
Toxicity, mechanism and health effects of some heavy metals. In Interdisciplinary

Toxicology (Vol. 7, Issue 2, pp. 60-72). https://doi.org/10.2478/intox-2014-0009

Jan, A. T., Azam, M., Siddiqui, K., Ali, A., Choi, I., & Hag, Q. M. R. (2015). Heavy metals
and human health: Mechanistic insight into toxicity and counter defense system of
antioxidants. International Journal of Molecular Sciences, 16(12), 29592-29630.

https://doi.org/10.3390/ijms161226183

Ji, J. H, Jin, M. H., Kang, J. H., Lee, S. il, Lee, S., Kim, S. H., & Oh, S. Y. (2021a).

Relationship between heavy metal exposure and type 2 diabetes: A large-scale

63



retrospective cohort study using occupational health examinations. BMJ Open, 11(3), 1-

10. https://doi.org/10.1136/bmjopen-2020-039541

Ji, J. H.,, Jin, M. H,, Kang, J. H., Lee, S. il, Lee, S., Kim, S. H., & Oh, S. Y. (2021b).
Relationship between heavy metal exposure and type 2 diabetes: A large-scale
retrospective cohort study using occupational health examinations. BMJ Open, 11(3), 1—

10. https://doi.org/10.1136/bmjopen-2020-039541

Jin, L., Qiu, J., Zhang, Y., Qiu, W., He, X., Wang, Y., Sun, Q., Li, M., Zhao, N., Cui, H., Liu,
S.,Tang, Z.,Chen, Y., Yue, L., Da, Z., Xu, X., Huang, H., Liu, Q., Bell, M. L., & Zhang,
Y. (2015). Ambient air pollution and congenital heart defects in Lanzhou, China.

Environmental Research Letters, 10(7). https://doi.org/10.1088/1748-9326/10/7/074005

JK, P, L H,S W, T, B, &S, M. (2017). Effects of Electronic Waste on Developing
Countries.  Advances Iin Recycling & Waste Management, 02(02).

https://doi.org/10.4172/2475-7675.1000128

Kalyani, R. R., & Egan, J. M. (2013). Diabetes and Altered Glucose Metabolism with Aging.
In Endocrinology and Metabolism Clinics of North America (Vol. 42, Issue 2, pp. 333—

347). https://doi.org/10.1016/.ecl.2013.02.010

Kaneto, H., Katakami, N., Matsuhisa, M., & Matsuoka, T.-A. (2010). Role of Reactive
Oxygen Species in the Progression of Type 2 Diabetes and Atherosclerosis. Mediators

of Inflammation, 2010, 11. https://doi.org/10.1155/2010/453892

Ke, Q., Chen, C., He, F., Ye, Y., Bai, X., Cai, L., & Xia, M. (2018). Association between
dietary protein intake and type 2 diabetes varies by dietary pattern. Diabetology and
Metabolic Syndrome, 10(1), 1-10. https://doi.org/10.1186/s13098-018-0350-5

64



Kim, H. N., & Song, S. W. (2019). Associations between macronutrient intakes and
obesity/metabolic risk phenotypes: Findings of the Korean national health and nutrition

examination survey. Nutrients, 11(3). https://doi.org/10.3390/nu11030628

Kolb, H., Stumvoll, M., Kramer, W., Kempf, K., & Martin, S. (2018). Insulin translates
unfavourable lifestyle into  obesity. BMC  Medicine, 16(1), 1-10.

https://doi.org/10.1186/s12916-018-1225-1

Kroemer, G., Lépez-Otin, C., Madeo, F., & de Cabo, R. (2018). Carbotoxicity—Noxious
Effects of Carbohydrates. Cell, 175(3), 605-614.

https://doi.org/10.1016/j.cell.2018.07.044

Kyere, V. N., Greve, K., Atiemo, S. M., Amoako, D., Aboh, I. J. K., & Cheabu, B. S. (2018).
Contamination and health risk assessment of exposure to heavy metals in soils from
informal e-waste recycling site in Ghana. Emerging Science Journal, 2(6), 428-436.

https://doi.org/10.28991/esj-2018-01162

Landrigan, P. J., Sly, J. L., Ruchirawat, M., Silva, E. R., Huo, X., Diaz-Barriga, F., Zar, H.
J., King, M., Ha, E. H., Asante, K. A., Ahanchian, H., & Sly, P. D. (2016). Health
Consequences of Environmental Exposures: Changing Global Patterns of Exposure and
Disease. Annals of Global Health, 82(1), 10-19.

https://doi.org/10.1016/j.a0gh.2016.01.005

Laskaris, Z., Milando, C., Batterman, S., Mukherjee, B., Basu, N., O’Neill, M. S., Robins, T.
G., & Fobil, J. N. (2019). Derivation of Time-Activity Data Using Wearable Cameras

and Measures of Personal Inhalation Exposure among Workers at an Informal

65



Electronic-Waste Recovery Site in Ghana. Annals of Work Exposures and Health, 63(8),

829-841. https://doi.org/10.1093/annweh/wxz056

Lattimer, J. M., & Haub, M. D. (2010). Effects of dietary fiber and its components on

metabolic health. Nutrients, 2(12), 1266-1289. https://doi.org/10.3390/nu2121266

Layne, J., Majkova, Z., Smart, E. J., Toborek, M., & Hennig, B. (2010). Caveolae: a
regulatory platform for nutritional modulation of inflammatory diseases.

https://doi.org/10.1016/j.jnutbio.2010.09.013

Ley, S. H., Hamdy, O., Mohan, V., & Hu, F. B. (2014). Prevention and management of type
2 diabetes: Dietary components and nutritional strategies. The Lancet, 383(9933), 1999

2007. https://doi.org/10.1016/S0140-6736(14)60613-9

Lobo, V., Patil, A., Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and
functional foods: Impact on human health. In Pharmacognosy Reviews (Vol. 4, Issue 8,

pp. 118-126). hitps://doi.org/10.4103/0973-7847.70902

Lovejoy, J. C. (2002). The Influence of Dietary Fat on Insulin Resistance. Current Diabetes

Reports, 2, 435-440.

Ludwig, D. S., Willett, W. C., Volek, J. S., & Neuhouser, M. L. (2018). Dietary fat: From foe
to friend? In Science (Vol. 362, Issue 6416, pp. 764-770).

https://doi.org/10.1126/science.aau2096

Lustig, R. H. (2013). ASN 2012 ANNUAL MEETING SYMPOSIUM Fructose: It’s “Alcohol

Without the Buzz” 1-3. 4, 226-235. https://doi.org/10.3945/an.112.002998

66



Majkova, Z., Toborek, M., & Hennig, B. (2010). The role of caveolae in endothelial cell
dysfunction with a focus on nutrition and environmental toxicants. Journal of Cellular
and Molecular Medicine, 14(10), 2359-2370. https://doi.org/10.1111/j.1582-

4934.2010.01064.x

Maki, K. C., Eren, F., Cassens, M. E., Dicklin, M. R., & Davidson, M. H. (2018). ®-6
Polyunsaturated Fatty Acids and Cardiometabolic Health: Current Evidence,
Controversies, and Research Gaps. Advances in Nutrition (Bethesda, Md.), 9(6), 688—

700. https://doi.org/10.1093/advances/nmy038

Mahan, L. K., & Raymond, J. L. (2016). Krause's Food & the Nutrition Care Process,

Iranian Edition E-Book. Elsevier Health Sciences.

Maphosa, V., & Maphosa, M. (2020). E-waste management in Sub-Saharan Africa: A
systematic  literature review. Cogent Business and Management, 7(1).

https://doi.org/10.1080/23311975.2020.1814503

Martinez-Finley, E. J., Chakraborty, S., Fretham, S. J. B., & Aschner, M. (2012). Cellular
transport and homeostasis of essential and nonessential metals. Metallomics, 4(7), 593—

605. https://doi.org/10.1039/c2mt00185c¢

Matough, F. A., Budin, S. B., Hamid, Z. A., Alwahaibi, N., & Mohamed, J. (2012).
The Role of Oxidative Stress and Antioxidants in Diabetic Complications (\Vol.

12, Issue 1).

Matovi¢, V., Buha, A., Duki¢-Cosi¢, D., & Bulat, Z. (2015). Insight into the

oxidative stress induced by lead and/or cadmium in blood, liver and kidneys.

67


https://doi.org/10.1093/advances/nmy038

Food and Chemical Toxicology, 78, 130-140.

https://doi.org/10.1016/j.fct.2015.02.011

Menke, A., Guallar, E., & Cowie, C. C. (2016). Metals in urine and diabetes in U.S.

adults. Diabetes, 65(1), 164-171. https://doi.org/10.2337/db15-0316

Meo, S. A., Sheikh, S. A., Sattar, K., Akram, A., Hassan, A., Meo, A. S., Usmani,
A. M., Qalbani, E., & Ullah, A. (2019). Prevalence of Type 2 Diabetes
Mellitus Among Men in the Middle East: A Retrospective Study. American

Journal of Men’s Health, 13(3). https://doi.org/10.1177/1557988319848577

Miki, A., Ricordi, C., Sakuma, Y., Yamamoto, T., Misawa, R., Mita, A., Molano,
R. D., Vaziri, N. D., Pileggi, A., & Ichii, H. (2018). Divergent antioxidant
capacity of human islet cell subsets: A potential cause of beta-cell
vulnerability in diabetes and islet transplantation. PLoS ONE, 13(5).

https://doi.org/10.1371/journal.pone.0196570

Mirzaei, M., Rahmaninan, M., Mirzaei, M., Nadjarzadeh, A., & Dehghani Tafti, A.
A. (2020). Epidemiology of diabetes mellitus, pre-diabetes, undiagnosed and
uncontrolled diabetes in Central Iran: Results from Yazd health study. BMC

Public Health, 20(1), 1-9. https://doi.org/10.1186/s12889-020-8267-y

Morenga, L. te, Mallard, S., & Mann, J. (2013). Dietary sugars and body weight:
Systematic review and meta-analyses of randomised controlled trials and

cohort studies. BMJ (Online), 345(7891). https://doi.org/10.1136/bmj.e7492

Muayed, M. el, Raja, M. R., Zhang, X., MacRenaris, K. W., Bhatt, S., Chen, X,
Urbanek, M., O’Halloran, T. v., & Lowe, W. L. (2012). Accumulation of

68


https://doi.org/10.1016/j.fct.2015.02.011
https://doi.org/10.1177/1557988319848577

cadmium in insulin-producing B cells. Islets, 4(6), 405-416.

https://doi.org/10.4161/isl.23101

Murray, C. J. L. (1990). The State of US Health. JAMA, 310(6), 591-608.

https://doi.org/10.1001/jama.2013.13805

Nanri, A., Mizoue, T., Noda, M., Takahashi, Y., Matsushita, Y., Poudel-Tandukar,
K., Kato, M., Oba, S., Inoue, M., & Tsugane, S. (2011). Fish intake and type
2 diabetes in Japanese men and women: The Japan Public Health Center-based
prospective study. American Journal of Clinical Nutrition, 94(3), 884-891.

https://doi.org/10.3945/ajcn.111.012252

Nie, X., Wang, N., Chen, Y., Chen, C., Han, B., Zhu, C., Chen, Y., Xia, F., Cang,
Z., Lu, M., Meng, Y., Jiang, B., D. Jensen, M., & Lu, Y. (2016). Blood
cadmium in Chinese adults and its relationships with diabetes and obesity.
Environmental Science and Pollution Research, 23(18), 18714-18723.

https://doi.org/10.1007/s11356-016-7078-2

Noh, Y., Jeon, B., Lee, S., Myeong, J., Lee, J., Kim, S., & Hong, J. (2021). voiis

rnolavoiisnolavoiisrn.1(1),1-11.

Oberhauser, A. M., & Hanson, K. T. (2007). Negotiating Livelihoods and Scale in
the Context of Neoliberal Globalization: Perspectives from Accra, Ghana.
African Geographical Review, 26(1), 11-36.

https://doi.org/10.1080/19376812.2007.9756200

O’Connor, D., Hou, D., Ye, J., Zhang, Y., Ok, Y. S., Song, Y., Coulon, F., Peng,
T., & Tian, L. (2018). Lead-based paint remains a major public health concern:

69


https://doi.org/10.3945/ajcn.111.012252

A critical review of global production, trade, use, exposure, health risk, and
implications.  Environment  International, = 121(August),  85-101.

https://doi.org/10.1016/j.envint.2018.08.052

Orisakwe, O. E., Frazzoli, C., llo, C. E., & Oritsemuelebi, B. (2020). Public Health
Burden of E-waste in Africa. Journal of Health and Pollution, 9(22), 1-12.

https://doi.org/10.5696/2156-9614-9.22.190610

Oteng-Ababio, M. (2012). Electronic Waste Management in Ghana - Issues and
Practices. Sustainable Development - Authoritative and Leading Edge Content

for Environmental Management. https://doi.org/10.5772/45884

Palsson, R., & Patel, U. D. (2014). Adv Chronic Kidney Dis. 21(3), 273-280.

https://doi.org/10.1053/j.ackd.2014.03.003

Parvez, S. M., Jahan, F., Brune, M. N., Gorman, J. F., Rahman, M. J., Carpenter,
D., Islam, Z., Rahman, M., Aich, N., Knibbs, L. D., & Sly, P. D. (2021). Health
consequences of exposure to e-waste: an updated systematic review. The
Lancet Planetary Health, 5(12), e905-€920. https://doi.org/10.1016/S2542-

5196(21)00263-1

Pascale, A., Sosa, A., Bares, C., Battocletti, A., Moll, M. J., Pose, D., Laborde, A.,
Gonzélez, H., & Feola, G. (2016). E-Waste Informal Recycling: An Emerging
Source of Lead Exposure in South America. Annals of Global Health, 82(1),

197-201. https://doi.org/10.1016/j.a0gh.2016.01.016

70



Peluola, A. (2016). Investigation of the implementation and effectiveness of
electronic waste management in Nigeria. Modeling Earth Systems and

Environment, 2(2), 1-6. https://doi.org/10.1007/s40808-016-0155-1

Peprah, G. B. (2014). A Photographic Food Atlas of Commonly Consumed

Carbohydrate Based Food with Portion Sizes in Accra Ghana. July, 1-250.

Perkins, D. N., Brune Drisse, M. N., Nxele, T., & Sly, P. D. (2014). E-waste: A
global hazard. Annals of Global Health, 80(4), 286-295.

https://doi.org/10.1016/j.a0gh.2014.10.001

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V.,
Squadrito, F., Altavilla, D., & Bitto, A. (2017). Oxidative Stress: Harms and

Benefits for Human Health. https://doi.org/10.1155/2017/8416763

Raubenheimer, D., Gosby, A. K., & Simpson, S. J. (2015). Integrating Nutrients,
Foods, Diets, and Appetites with Obesity and Cardiometabolic Health

Obesity. 23(9). https://doi.org/10.1002/0by.21214

Reimers, A., & Ljung, H. (2019). The emerging role of omega-3 fatty acids as a
therapeutic option in neuropsychiatric disorders. Therapeutic Advances in
Psychopharmacology, 9, 204512531985890.

https://doi.org/10.1177/2045125319858901

Raoder, P. v., Wu, B., Liu, Y., & Han, W. (2016). Pancreatic regulation of glucose
homeostasis. Experimental & Molecular Medicine, 48(November 2015),

e219. https://doi.org/10.1038/emm.2016.6

71



Russell, W. R., Baka, A., Bjorck, I., Delzenne, N., Gao, D., Griffiths, H. R.,
Hadjilucas, E., Juvonen, K., Lahtinen, S., Lansink, M., Loon, L. van,
Mykkénen, H., 6stman, E., Riccardi, G., Vinoy, S., & Weickert, M. O. (2016).
Impact of Diet Composition on Blood Glucose Regulation. Critical Reviews
in Food Science and Nutrition, 56(4), 541-590.

https://doi.org/10.1080/10408398.2013.792772

Sarfo-Kantanka, O., Owusu-Dabo, E., Adomako-Boateng, F., Eghan, B., Dogbe,
J., & Bedu-Addo, G. (2014). An assessment of prevalence and risk factors for
hypertension and diabetes during world diabetes day celebration in Kumasi,
Ghana. East African Journal of Public Health, 11(2), 805-815.

http://mwww.ajol.info/index.php/eajph/article/view/109093

Satarug, S., Gobe, G. C., Vesey, D. A,, Phelps, K. R., Vesey@health, D., Qld, G.,
& Au, D. A. v. (n.d.). toxics Cadmium and Lead Exposure, Nephrotoxicity,

and Mortality. https://doi.org/10.3390/toxics8040086

Satarug, S., Vesey, D. A., & Gobe, G. C. (2017). Dietary Cadmium Intake and
Progressive Kidney Dysfunction Kidney Cadmium Toxicity, Diabetes and
High Blood Pressure: The Perfect Storm. Tohoku J. Exp. Med, 241(1), 65-87.

https://doi.org/10.1620/tjem.241.65.Correspondence

Schmidt, A. M., Giacco, F., & Brownlee, M. (2010). Oxidative Stress and Diabetic

Complications. https://doi.org/10.1161/CIRCRESAHA.110.223545

72



Schroeder, P., Anggraeni, K., & Weber, U. (2019). The Relevance of Circular
Economy Practices to the Sustainable Development Goals. Journal of

Industrial Ecology, 23(1), 77-95. https://doi.org/10.1111/jiec.12732

Schulz, C. A., Oluwagbemigun, K., & No6thlings, U. (2021). Advances in dietary
pattern analysis in nutritional epidemiology. In European Journal of Nutrition
(Vol. 60, Issue 8, pp. 4115-4130). https://doi.org/10.1007/s00394-021-02545-

9

Sears, B., & Perry, M. (2015). The role of fatty acids in insulin resistance.

https://doi.org/10.1186/s12944-015-0123-1

Shahidi, F., & Ambigaipalan, P. (2018). Omega-3 Polyunsaturated Fatty Acids and
Their Health Benefits. Annual Review of Food Science and Technology,

9(January), 345-381. https://doi.org/10.1146/annurev-food-111317-095850

Sherwani, S. I, Khan, H. A., Ekhzaimy, A., Masood, A., & Sakharkar, M. K.
(2016). Significance of HbAlc test in diagnosis and prognosis of diabetic

patients. Biomarker Insights, 11, 95-104. https://doi.org/10.4137/Bmi.s38440

Sluijs, 1., van der Schouw, Y. T., & van der A, D. L. (2011). Carbohydrate quantity
and quality and risk of type 2 diabetes in the European Prospective
Investigation into Cancer and Nutrition-Netherlands (EPIC-NL) study
(American Journal of Clinical Nutrition (2010) 92, (905-911)). American
Journal of Clinical Nutrition, 93(3), 676.

https://doi.org/10.3945/ajcn.110.011361

73



Sokota-Wysoczanska, E., Wysoczanski, T., Wagner, J., Czyz, K., Bodkowski, R.,
Lochynski, S., & Patkowska-Sokota, B. (2018). Polyunsaturated fatty acids
and their potential therapeutic role in cardiovascular system disorders—a

review. Nutrients, 10(10), 1-21. https://doi.org/10.3390/nu10101561

Sone, H. (2018). Diabetes Mellitus. In Encyclopedia of Cardiovascular Research
and Medicine. Elsevier Inc. https://doi.org/10.1016/b978-0-12-809657-

4.99593-0

Son, H. S., Kim, S. G,, Suh, B. S., Park, D. U., Kim, D. S., Yu, S. do, Hong, Y. S,
Park, J. D., Lee, B. K., Moon, J. D., & Sakong, J. (2015). Association of
cadmium with diabetes in middle-aged residents of abandoned metal mines:
The first health effect surveillance for residents in abandoned metal mines.
Annals of Occupational and Environmental Medicine, 27(1), 4-11.

https://doi.org/10.1186/s40557-015-0071-2

Srigboh, R. K., Basu, N., Stephens, J., Asampong, E., Perkins, M., Neitzel, R. L.,
& Fobil, J. (2016a). Multiple elemental exposures amongst workers at the
Agbogbloshie electronic waste (e-waste) site in Ghana. Chemosphere, 164,

68-74. https://doi.org/10.1016/j.chemosphere.2016.08.089

Srigboh, R. K., Basu, N., Stephens, J., Asampong, E., Perkins, M., Neitzel, R. L.,
& Fobil, J. (2016b). Multiple Elemental Exposures Amongst Workers at the
Agbogbloshie Electronic Waste (E-Waste) Site in Ghana HHS Public Access.
Chemosphere, 164, 68-74.

https://doi.org/10.1016/j.chemosphere.2016.08.089

74



Strain, W. D., & Paldanius, P. M. (2018). Diabetes, cardiovascular disease and the
microcirculation. Cardiovascular Diabetology, 17(1), 1-10.

https://doi.org/10.1186/s12933-018-0703-2

Takyi, S. A., Basu, N., Arko-Mensah, J., Botwe, P., Amoabeng Nti, A. A,
Kwarteng, L., Acquah, A., Tettey, P., Dwomoh, D., Batterman, S., Robins, T.,
& Fobil, J. N. (2020). Micronutrient-rich dietary intake is associated with a
reduction in the effects of particulate matter on blood pressure among
electronic waste recyclers at Agbogbloshie, Ghana. BMC Public Health,

20(1), 1-14. https://doi.org/10.1186/s12889-020-09173-8

Takyi, S. A., Basu, N., Arko-Mensah, J., Dwomoh, D., Houessionon, K. G., &
Fobil, J. N. (2021). Biomonitoring of metals in blood and urine of electronic
waste (E-waste) recyclers at Agbogbloshie, Ghana. Chemosphere, 280,

130677. https://doi.org/10.1016/j.chemosphere.2021.130677

Takyi, S. A., Basu, N., Arko-Mensah, J., Dwomoh, D., Nti, A. A. A., Kwarteng, L.,
Acquah, A. A., Robins, T. G., & Fobil, J. N. (2020). Micronutrient status of
electronic waste recyclers at Agbogbloshie, Ghana. International Journal of
Environmental ~Research and Public Health, 17(24), 1-19.

https://doi.org/10.3390/ijerph17249575

Tangvarasittichai, S. (2015). Oxidative stress, insulin resistance, dyslipidemia and
type 2 diabetes mellitus. World Journal of Diabetes, 6(3), 456.

https://doi.org/10.4239/wjd.v6.i3.456

75



Tapsell, L. C. (2017). Dietary behaviour changes to improve nutritional quality and
health outcomes. Chronic Diseases and Translational Medicine, 3(3), 154—

158. https://doi.org/10.1016/j.cdtm.2017.06.005

Tay, C. K., Dorleku, M., & Doamekpor, L. K. (2019). Human Exposure Risks
Assessment of Heavy Metals in Groundwater within the Amansie and Adansi
Districts in Ghana using Pollution Evaluation Indices. West African Journal

of Applied Ecology, 27(1), 23-41. https://doi.org/10.4314/wajae.v27il

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, D. J. (2012). Heavy
metal toxicity and the environment. In EXS (Vol. 101, pp. 133-164). Springer

Basel AG. https://doi.org/10.1007/978-3-7643-8340-4 6

Tetteh, D., & Lengel, L. (2017). The urgent need for health impact assessment:
proposing a transdisciplinary approach to the e-waste crisis in sub-Saharan
Africa. Global Health Promotion, 24(2), 35-42.

https://doi.org/10.1177/1757975916686926

Tinkov, A. A., Filippini, T., Ajsuvakova, O. P., Skalnaya, M. G., Aaseth, J.,
Bjerklund, G., Gatiatulina, E. R., Popova, E. v., Nemereshina, O. N., Huang,
P. T., Vinceti, M., & Skalny, A. v. (2018). Cadmium and atherosclerosis: A
review of toxicological mechanisms and a meta-analysis of epidemiologic
studies. Environmental Research, 162(December 2017), 240-260.

https://doi.org/10.1016/j.envres.2018.01.008

Trumbo, P; Schllicker, S;Yates, AA; Poos, M. (2002). Trumbo et al, 2002.pdf. In

American Dietetic Association (Vol. 102, Issue 11, pp. 1621-1630).

76



Velayutham, M., Nikolaidis, M. G., Liu, Z., Ren, Z., Zhang, J., Chuang, C.-C.,
Kandaswamy, E., Zhou, T., & Zuo, L. (2018). Role of ROS and Nutritional

Antioxidants in Human Diseases. https://doi.org/10.3389/fphys.2018.00477

Velis, C. (2017). Waste pickers in Global South: Informal recycling sector in a
circular economy era. Waste Management and Research, 35(4), 329-331.

https://doi.org/10.1177/0734242X17702024

Venn, B. J. (2020). Macronutrients and human health for the 21st century. In

Nutrients (Vol. 12, Issue 8, pp. 1-3). https://doi.org/10.3390/nu12082363

Vetrivel, P.,, & Kalpana Devi, P. (2012). A Focus on E-waste: Effects on
Environment and Human Health. International Journal of Novel Trends in

Pharmaceutical Sciences, 2(1), 47-51. www.ijntps.com

von Euler, M., Hanukoglu, A., Udahogora, M., Ning, X., Wang, J., Zhang, H., Ni,
J., Yu, C., Wu, Y., Li, J, Liu, J.,, Tu, J.,, & He, Q. (2019). Sex-Based
Differences in Diabetes Prevalence and Risk Factors: A Population-Based
Cross-Sectional Study Among Low-Income Adults in China. Front.

Endocrinol, 10, 658. https://doi.org/10.3389/fendo.2019.00658

Wagner, T. P. (2009). Shared responsibility for managing electronic waste: A case
study of Maine, USA. Waste Management, 29(12), 3014-3021.

https://dot.org/10.1016/j.wasman.2009.06.015

Wali, J. A, Solon-Biet, S. M., Freire, T., Brandon, A. E., Montgomery, M., &

Keenan, S. (2021). biology Macronutrient Determinants of Obesity, Insulin

77



Resistance and Metabolic Health. Metabolic Health. Biology, 10.

https://doi.org/10.3390/biology10040336

Wani, A. L., Ara, A., & Usmani, J. A. (2015). Lead toxicity: A review. In
Interdisciplinary ~ Toxicology (Vol. 8, Issue 2, pp. 55-64).

https://doi.org/10.1515/intox-2015-0009

Wheeler, M. L., Dunbar, S. A., Jaacks, L. M., Karmally, W., Mayer-Dauvis, E. J.,
Wylie-Rosett, J., & Yancy, W. S. (2012). Macronutrients, food groups, and
eating patterns in the management of diabetes: A systematic review of the
literature, 2010. Diabetes Care, 35(2), 434—445. https://doi.org/10.2337/dc11-

2216

Wittsiepe, J., Feldt, T., Till, H., Burchard, G., Wilhelm, M., & Fobil, J. N. (2017).
Pilot study on the internal exposure to heavy metals of informal-level
electronic waste workers in Agbogbloshie, Accra, Ghana. Environmental
Science and Pollution Research, 24(3), 3097-3107.

https://doi.org/10.1007/s11356-016-8002-5

Wittsiepe, J., Fobil, J. N., Till, H., Burchard, G. D., Wilhelm, M., & Feldt, T.
(2015). Levels of polychlorinated dibenzo-p-dioxins, dibenzofurans
(PCDD/Fs) and biphenyls (PCBs) in blood of informal e-waste recycling
workers from Agbogbloshie, Ghana, and controls. Environment International,

79, 65-73. https://doi.org/10.1016/j.envint.2015.03.008

Wolever, T. M. S., Gibbs, A. L., Mehling, C., Chiasson, J. L., Connelly, P. W.,

Josse, R. G., Leiter, L. A., Maheux, P., Rabasa-Lhoret, R., Rodger, N. W., &

78



Ryan, E. A. (2008). The Canadian Trial of Carbohydrates in Diabetes (CCD),
a 1-y controlled trial of low-glycemic-index dietary carbohydrate in type 2
diabetes: No effect on glycated hemoglobin but reduction in C-reactive
protein. American Journal of Clinical Nutrition, 87(1), 114-125.

https://doi.org/10.1093/ajcn/87.1.114

Yabe, J., Nakayama, S. M. M., Ikenaka, Y., Muzandu, K., Ishizuka, M., &
Umemura, T. (2012). Accumulation of metals in the liver and kidneys of cattle
from agricultural areas in Lusaka, Zambia. Journal of Veterinary Medical

Science, 74(10), 1345-1347. https://doi.org/10.1292/jvms.12-0142

Yan, Y., Jiang, W., Spinetti, T., Tardivel, A., Castillo, R., Bourquin, C., Guarda,
G., Tian, Z., Tschopp, J., & Zhou, R. (2013). Omega-3 Fatty Acids Prevent
Inflammation and Metabolic Disorder through Inhibition of NLRP3
Inflammasome Activation. Immunity, 38(6), 1154-1163.

https://doi.org/10.1016/j.immuni.2013.05.015

Yao, B., Lu, X., Xu, L., Wang, Y., Qu, H., & Zhou, H. (2020). Relationship
between low-level lead, cadmium and mercury exposures and blood pressure
in children and adolescents aged 8-17 years: An exposure-response analysis
of NHANES 2007-2016. Science of the Total Environment, 726, 138446.

https://doi.org/10.1016/j.scitotenv.2020.138446

Yu, E. A., Akormedi, M., Asampong, E., Meyer, C. G., & Fobil, J. N. (2017).

Informal processing of electronic waste at Agbogbloshie, Ghana: workers’

79



knowledge about associated health hazards and alternative livelihoods. Global

Health Promotion, 24(4), 90-98. https://doi.org/10.1177/1757975916631523

Zeba, A. N., Delisle, H. F., & Renier, G. (2022). HUMAN AND CLINICAL
NUTRITION Dietary patterns and physical inactivity, two contributing
factors to the double burden of malnutrition among adults in Burkina Faso,
West  Africa.  Journal of  Nutritional  Science, 3, 1-14.

https://doi.org/10.1017/jns.2014.11

Zhai, Q., Narbad, A., & Chen, W. (2015). Dietary Strategies for the Treatment of
Cadmium and Lead Toxicity. Nutrients, 7, 552-571.

https://doi.org/10.3390/nu7010552

Zhang, C., & Ning, Y. (2011). Effect of dietary and lifestyle factors on the risk of
gestational diabetes: Review of epidemiologic evidence. American Journal of
Clinical Nutrition, 94(6), 1975-1979.

https://doi.org/10.3945/ajcn.110.001032

Zhang, F., Tapera, T. M., & Gou, J. (2018). Application of a new dietary pattern
analysis method in nutritional epidemiology 11 Medical and Health Sciences
1117 Public Health and Health Services. BMC Medical Research

Methodology, 18(1), 1-10. https://doi.org/10.1186/s12874-018-0585-8

Zhang, X., Chen, X., Xu, Y., Yang, J., Du, L., Li, K., & Zhou, Y. (2021). Milk
consumption and multiple health outcomes: umbrella review of systematic
reviews and meta-analyses in humans. Nutrition and Metabolism, 18(1), 1-18.

https://doi.org/10.1186/s12986-020-00527-y

80



Zhang, Y., O’Connor, D., Xu, W., & Hou, D. (2020). Blood lead levels among
Chinese children: The shifting influence of industry, traffic, and e-waste over
three decades. Environment International, 135(July 2019), 105379.

https://doi.org/10.1016/j.envint.2019.105379

Zhao, J., Sun, J., & Su, C. (2020). Gender differences in the relationship between
dietary energy and macronutrients intake and body weight outcomes in
Chinese adults. Nutrition Journal, 19(1), 1-9. https://doi.org/10.1186/s12937-

020-00564-6

Zhao, Y., & Araki, T. (2021). Evaluation of disparities in adults’ macronutrient
intake status: Results from the China health and nutrition 2011 survey.

Nutrients, 13(9), 3044. https://doi.org/10.3390/nu13093044

Zheng, L., Wu, K., Li, Y., Qi, Z., Han, D., Zhang, B., Gu, C., Chen, G., Liu, J.,
Chen, S., Xu, X., & Huo, X. (2008). Blood lead and cadmium levels and
relevant factors among children from an e-waste recycling town in China.
Environmental Research, 108(1), 15-20.

https://doi.org/10.1016/j.envres.2008.04.002

81


https://doi.org/10.1016/j.envres.2008.04.002

APPENDICES

APPENDIX |

Table 4c. Relationship between macronutrient intake and blood glucose levels of comparison
group.

Dietary Macronutrients Blood glucose levels (HbAlc (%0))
B (95% CI)

Total Calories (g) 0.000 [-.001, 0.001]
Carbohydrates (g) 0.003 [-0.004, 0.010]
Proteins (g) 0.019 [-0.009, 0.047]
Total Fats (g) -0.001 [-0.016, 0.015]
Saturated Fats(g) -0.043 [-0.242, 0.157]
Mono Fats (g) -0.019 [-0.123, 0.086]
Poly fats (g) 0.019[-0.147, 0.185]
Omega 3(g) 1.527 [-3.214, 6.268]
Omega 6 (g) 0.073 [-0.161, 0.306]
Cholesterol(mg) 0.008 [-0.002, 0.019]
Dietary Fibre (g) -0.022 [-0.078, 0.034]

P-Value notation: p<0.05*
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APPENDIX 11

Table 5b: Relationship between Pb exposure, macronutrient intake and blood glucose levels of

e-waste recyclers.

Variables Blood glucose levels (HbAlc (%0))
B (95% CI)
B-Pb 0.007 [-0.002, 0.015]
Total Calories - 0.001 [-0.002, 0.001]
B-Pb 0.007 [-0.001, 0.015]
Carbohydrate (g) -0.005 [-0.012, 0.001]
B-Pb 0.007 [-0.001, 0.015]
Protein (g) -0.0001 [-0.030, 0.030]
B-Pb 0.007 [-0.001, 0.015]
Total Fats (g) -0.002 [-0.021, 0.016]
B-Pb 0.008* [0.00004, 0.016]
Saturated Fats(g) 0.136* [0.015, 0.258]
B-Pb 0.008 [-0.0005, 0.016]
Mono Fats (g) 0.044 [-0.037, 0.125]
B-Pb 0.008 [-0.001, 0.009]
Poly fats (g) 0.037 [-0.058, 0.132]
B-Pb 0.007* [0.0002, 0.015]
Omega 3(g) 6.884* [3.247, 10.523]
B-Pb 0.008 [-0.0001, 0.016]
Omega 6 (g) 0.152 [-0.035, 0.339]
B-Pb 0.009* [0.001, 0.017]

Cholesterol(mg)

B-Pb
Dietary Fibre ()

0.007* [0.001, 0.012]

0.007 [-0.001, 0.015]
-0.016 [-0.070, 0.037]

P-Value notation: p<0.05* for which reason their values were boldened

Abbreviations: B-Pb: Blood Lead Random effects adjustments were made for cigarette smoking, alcohol
intake, daily income accrued, age, BMI, weight, educational status, years of work, marital status and mean
probability of adequacy
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APPENDIX I
Table 5¢: Relationship between metal exposures (Pb) macronutrient intake and blood glucose

levels of comparison group

Variables Blood glucose levels (HbAlc (%))
B (95% CI)
B-Pb 0.026 [-0.013, 0.065]
Total Calories 0.0002 [-0.001, 0.001]
B-Pb 0.025 [-0.014, 0.065]
Carbohydrate (g) 0.001[-0.006, 0.008]
B-Pb 0.002 [-0.004, 0.008]
Protein (g) - 0.024 [-0.014, 0.062]
B-Pb 0.028 [-0.011, 0.066]
Total Fats (Q) -0.001 [-0.016, 0.015]
B-Pb [0.027 [-0.011, 0.066]
Saturated Fats(g) -0.032 [-0.229, 0.165]
B-Pb 0.027 [-0.011, 0.065]
Mono Fats () -0.011 [-0.114, 0.093]
B-Pb 0.028 [-0.010, 0.067]
Poly fats () 0.024 [-0.140, 0.187]
B-Pb 0.030 [-0.010, 0.070]
Omega 3(g) 1.329[-3.47, 6.134]
B-Pb 0.029 [-0.011, 0.068]
Omega 6 (9) 0.0536 [-0.179, 0.286]
B-Pb 0.033 [-0.004, 0.070]

Cholesterol(mg)

B-Pb
Dietary Fibre (g)

0.010[-0.001, 0.020]

0.029 [-0.010, 0.067]
-0.019 [-0.075, 0.037]

P-Value notation: p<0.05*

Abbreviations: B-Pb: Blood Lead; B-Cd: Blood Cadmium; Random effects adjustments were made for
cigarette smoking, alcohol intake, daily income accrued, age, BMI, recycler specific job task performed,
marital status
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APPENDIX IV

Table 6b: Relationship between metal exposures (Cd), macronutrient intake and blood glucose
levels of e-waste recyclers

Variables Blood glucose levels (HbAlc (%0))
B (95% CI)
B-Cd 0.250 [-0.879, 1.379]
Total Calories -0.001 [-0.002, 0.0004]
B-Cd 0.223 [-0.900, 1.346]
Carbohydrate (g) -0.005 [-0.012, 0.002]
B-Cd 0.242 [-0.903, 1.388]
Protein (g) -0.001 [-0.032, 0.029]
B-Cd 0.273[-0.877, 1.423]
Total Fats (g) -0.004 [-0.023, 0.015]
B-Cd 0.175 [-0.933, 1.284]
Saturated Fats(g) 1.121 [-0.005, 0.246]
B-Cd 0.254 [-0.885, 1.394]
Mono Fats (g) 0.029 [-0.053, 0.111]
B-Cd 0.251 [-0.892, 1.395]
Poly fats (Q) 0.018 [-0.077, 0.113]
B-Cd -0.088 [-1.133, 0.958]
Omega 3(g) 6.797* [2.960, 10.634]
B-Cd 0.232 [-0.895, 1.359]
Omega 6 (g) 0.121[-0.069, 0.312]
B-Cd 0.265 [-0.840, 1.370]

Cholesterol(mg)

B-Cd
Dietary Fibre (g)

0.005 [-0.0001, 0.011]

0.335 [-0.814, 1.483]
-0.020 [-0.075, 0.035]

P-Value notation: p<0.05* for which reason their values were boldened

Abbreviations: B-Cd: Blood Cadmium; Random effects adjustments were made for cigarette smoking,
alcohol intake, daily income accrued, age, BMI, weight, educational status, years of work, marital status
and mean probability of adequacy

85



APPENDIX V

Table 6¢: Relationship between metal exposures (Cd) macronutrient intake and blood glucose
levels of comparison group.

Variables Blood glucose levels (HbAlc (%))
B (95% CI)
B-Cd -0.541 [-1.720, 0.638]
Total Calories 0.0003 [-0.001, 0.001]
B-Cd -0.558 [-1.726, 0.609]
Carbohydrate (g) 0.002 [-0.005, 0.009]
B-Cd -0.456 [-1.623, 0.711]
Protein (g) 0.017[-0.012, 0.046]
B-Cd -0.599 [-1.778, 0.580]
Total Fats (g) -0.001 [-0.017, 0.014]
B-Cd -0.580 [-1.750, 0.589]
Saturated Fats(g) -0.039 [-0.239, 0.160]
B-Cd -0.585 [-1.755, 0.586]
Mono Fats (g) -0.018 [-0.122, 0.086]
B-Cd -0.624 [-1.812, 0.564]
Poly fats () 0.028 [-0.140, 0.197]
B-Cd -0.525 [-1.728, 0.679]
Omega 3(g) 0.674 [-4.221, 5.568]
B-Cd -0.543 [-1.740, 0.654]
Omega 6 (g) 0.048 [-0.189, .286]
B-Cd -0.490 [-1.632, 0.653]

Cholesterol(mg)

B-Cd
Dietary Fibre (g)

0.008 [-0.003, 0.018]

-0.621 [-1.789, 0.548]
-0.019 [-0.076, 0.039]

P-Value notation: p<0.05* Abbreviations: B-Pb: Blood Lead; B-Cd: Blood Cadmium; Random effects
adjustments were made for cigarette smoking, alcohol intake, daily income accrued, age, BMI, recycler

specific job task performed, marital status
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