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ARTICLE INFO ABSTRACT
Keywords: Acrylamide (AA) is a food processing byproduct that forms at high temperatures and is classified
Acrylamide as a probable human carcinogen. Previous studies have linked AA to kidney, uterus, and ovary

Dietary exposure
Human cancer risks
Health metrics
Burden of diseases

cancer burdens, but its study in African countries remains underexplored. This study systemati-
cally used six recent articles on dietary AA concentration data from scholarly databases using
specific search terms. We also collected health metrics secondary data from the Institute of Health
Metrics and Evaluation and other sources for the period 2015-2019. We used a Monte-Carlo
simulation to integrate the dietary AA exposure, risks, and health metrics to estimate the can-
cer burdens. The results showed that the modal healthy life years lost ranged from 0.00488
(Ghana) to 0.218 (Ethiopia) per 100,000 population. The median statistic indicated 1.2 and 26.10
healthy life years lost for Ghana and Ethiopia, respectively, due to the three cancer types. The
four-country study areas’ total disability-adjusted life years (DALYs) were 63.7 healthy life-year
losses. Despite the limitations of the non-standardized age-related food consumption data and the
few inclusive articles, the probabilistic approach may account for the uncertainties and provide
valid conclusions.

1. Introduction

Acrylamide (AA) is a vinyl-substituted primary amide, classified as group 2 A “probable human carcinogen” by the International
Agency for Research on Cancer (IARC) [1]. Studies have shown that AA forms through the Maillard reaction when food groups such as
carbohydrates, fats, or proteins are thermally processed by baking, roasting, frying, or grilling, especially at high temperatures [2,3].
Acrylamide (AA) can form from various food components through different mechanisms. One of the main mechanisms is the Maillard
reaction, which occurs in starchy foods when reducing sugars and the amino acid asparagine react at high temperatures. This reaction
involves a series of steps: first, the reducing sugars and the amino group form N-glycoside, also known as a Schiff’s base; second, the
N-glycoside rearranges to an Amadori compound; third, the Amadori compound decarboxylates and degrades into acrylamide and
other products [4-6]. Some of the intermediate products of the Maillard reaction, such as 3-amino propionamide, can also be con-
verted to acrylamide in aqueous conditions. Therefore, it is unsurprising that dietary AA has been detected in pasteurized fruit juices
[7]. The Maillard reaction is driven by heat, so it is ubiquitous in many foods that undergo roasting, baking, frying, or toasting, such as
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Fig. 1. Map of the West and East African Regions highlighting Ghana, Nigeria, Ethiopia, and Kenya.

cocoa beans, coffee, cereal products, potato crisps, baked goods, and baby foods [8-15]. Since the bulk of the human diet is obtained
from such food categories, it raises a concern that everybody may be at risk of dietary AA exposure [16,17]. Exposure to acrylamide
(AA) has various effects on human health, especially when it is biotransformed during its metabolism after ingestion. Some studies
have reported that AA binds to hemoglobin and forms adducts in the blood [18,19] and long-term exposure can also result in nerve
damage [20,21]. Moreover, there is evidence of a link between AA exposure and reproductive problems, especially in animal models
where sperm motility has been impaired [22]. The toxicity of AA is enhanced when it is biotransformed by cytochrome P450 2E1
(CYP2E1) to the genotoxic epoxide glycidamide [23]. This epoxide is highly reactive and attacks DNA to form an adduct at the nitrogen
7 of guanine (N7-GA-Gua), which indicates a potential carcinogenic pathway [24]. The dose-response relationships of cancers asso-
ciated with dietary AA are uncertain [25]. However, while some authors have reported weak or no statistical significance between
dietary AA exposure and cancer, others have reported a significant increase in endometrial, kidney, and ovarian cancers [26,27].
Traditionally, risk assessors often use either the margin of exposure (MOE) or excess lifetime cancer risks (ELTCR) to report
carcinogenic risks. While MOE values <10* indicate high public health concerns [28], ELTCR values > 10~ * indicate significant risks
[29]. Unfortunately, this method of reporting risks has little impact on accounting for the overall disease burden. However, the burden
of disease approach can convert risks into morbidity and mortality. Thus, it can provide determinant information that indicates the
population’s health loss as a function of time [30]. Expressed as the Disability-adjusted life years (DALYs), it presents as the sum of the
number of years lived with disability (YLDs) and the number of years of life lost (YLLs) due to premature mortality (Equation (1)). The
YLDs are estimated by multiplying the number of prevalent cases and the disability weight (DW) of a health state. On the other hand,
the YLLs are estimated by multiplying the number of deaths and life expectancy at the age of death [31]. The DWs express the pro-
portional reduction of quality of life subject to sequelae scaled from O to 1, where 0 equals perfect health and 1 equals death [32].

YLL + YLD = DALYs. (€D)]

Although methodological approaches limit the comparability of resulting DALY estimates across studies, the DALY identifies
essential health gaps and highlights risk factors that policymakers may overlook. The Institute of Health Metrics and Evaluation
(IHME) performs frequent updates of the Global Burden of Disease (GBD) study, which aims to determine the incidence, prevalence,
YLL, YLD, and DALYs of several diseases and risk factors [33]. Some studies have suggested that dietary AA intake may be linked to
certain types of cancer; thus, this information has influenced public health policies in some regions where AA exposure is high [34-36].
However, the situation in African countries is poorly reported and lacks data for similar policies on dietary AA and cancer risk. This
knowledge gap has led to inconsistent public education and a possible public health crisis due to dietary AA-related cancer burden.
This study supports the Sustainable Development Goal 3 (SDG3), which aims for good health and well-being for all people of all ages,
thus creating the need for this work. Therefore, we estimated the Disability adjusted life years (DALYs) rates due to dietary AA
exposure in four sub-Saharan African countries: Ghana, Nigeria, Ethiopia, and Kenya.

2. Methods
2.1. Exposure to acrylamide

The concentration of dietary acrylamide: We reviewed literature using the PRISMA and Cochrane guidelines to obtain the dis-
tribution of dietary AA across the selected sub-Sahara African region [37,38] where the study occurred. Details of the process are
captured in a file (Supplementary 1) with the corresponding MS Excel file Supplementary 1 .xlsx) available in the link provided.

Food consumption data: We collected food consumption data of the four countries under study (Fig. 1) from two database sources
relating to the food categories identified and corresponding to the AA-contaminated foods obtained from the literature search. These
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food categories were sourced from the Food and Agricultural Organization (FAO)/World Health Organization (WHO) Global Indi-
vidual Food consumption data Tool (GIFT) database (www.fao.org/gift-individual-food-consumption/data/en) and the WHO/(Global
Evaluation and Monitoring Systems (GEMS) Food Cluster Diets database (www.who.int/data/gho/samples/food-cluster-diets).

Though the health metrics data was collected from 2015 to 2019, the food consumption data was collected from 2012 to 2019. The
decision was based on the assumption that food eating habits have a significant environmental and social impact based on solid
cultural dynamics and sustainable eating habits [39]. Thus, we assumed that the food consumption pattern of the consumers would
stay the same within the study period over a short time. For the two East African countries, the food categories identified from the foods
reporting AA concentrations included beverages (cocoa and coffee), cereals and their products, roots, tubers, plantains and their
products, and fats and oils. The food categories represented in the foods from the two West African countries included sweets and
sugars, fats and oils, pulses, seeds and nuts, cereals and their products, roots and tubers, and plantains and their products. Thus, the
masses consumed daily for the relevant food categories were collected from WHO/GIFT and WHO/GEMS foods.

Body weight: We used the WHO standard default average body weight (60 kg) [40] to determine the exposure. With the various
elements of exposure (concentration of dietary AA, mass of food ingested and body weight) in place, we determined the probabilistic
distributions of the dietary AA.

2.2. Kidney, ovary and uterus cancer data

This study investigated the association between dietary AA exposure and the risk of kidney, ovarian, and uterine cancers. We were
motivated by meta-analyses that reported a modest increase in the risk of renal cancer [41] and a recent study that suggested a positive
linear relationship between dietary AA exposure and the risk of ovarian and uterine cancers [25]. We synthesized the evidence on the
association between dietary AA exposure and the risk and burden of these cancers based on the prevalence, mortality, YLL, and YLD of
these cancers in Ethiopia, Kenya, Ghana, and Nigeria from 2015 to 2019 from the Global Burden of Disease (GBD) Compare database
[33]. All data were collected by age categories (5-19, 20-54, and 55-89 years). The kidney cancer data were collected for both males
and females.

2.3. Probabilistic approach for data analysis

Based on the recommendation of The National Research Council Science and Judgement, we used the Monte Carlo simulations
model to enumerate the associated uncertainties while harmonizing the estimates using iterations (10°) in simulation [42]. In doing so,
the uncertainties and the variabilities were quantified as a minimum, maximum, mode, mean, median and various percentiles [43]. In
this study, the Palisade @Risk software tools were used to fit the distributions of all the variable input datasets collected within the
5-year study period (2015-2019), which were documented and available through the link provided (Supplementary 2 .xlsx). Among
the expressed outcomes, we collected the mode (most frequently occurring event) and the 50" percentile (median) and studied them.
These central tendencies were selected to avoid biases often arising from outliers [44].

2.4. Determination of dietary acrylamide exposure and cancer risk assessment

We estimated chronic exposure to AA in food as the product of the concentration of the hazard and the mass of food ingested per
body weight per day [45,46]. Thus, the distribution of the estimated exposure (Egst) of dietary AA among the population in the study
area was determined using Equation (2):

AAgrr X My
- 5

By (2)

Egpsr =
where the AAgg;, and Mg are, respectively, the distributions of the concentration of dietary AA (mg/kg) and the mass of foods consumed
(kg/day) reported in the study, and body weight (BW) is 60 kg, as recommended by the WHO [40]. Subsequently, we determined the
distributions of the risk of years of life lost (Ry1) and the risk of years of life with a disability (R;p) of each specific cancer endpoint using
Equations (3a) and (3b).

Ry, = CSFyp X Egsr, (3a)
Rip = CSFip X Egsr, (3b)

where CSF is the cancer slope factor for a specific cancer endpoint expressing the lifetime risk of cancer per unit exposure. The US EPA
indicates an AA cancer slope factor of 0.51 per mg/kg-day [47]. However, for each of the specific cancers studied, their scaled cancer
slope factors (GSFsp) were determined using their mortality (Equation (4a)) and prevalence (Equation (4b)). Since the CSF is not the
same for each cancer endpoint, they were derived as illustrated in other studies [24,35] and exemplified in Equations (4a) and (4b):

Morty,

CSF,, = CSF = CSFy,, (4a)

Or'lior

P sp
CSF,, = CSF —5"% — CSFyp, (4b)

TeVior
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Fig. 2. (a) Schematic pathways showing dietary AA-induced cancer risks expressed as YLL rates.
(b) Schematic pathways showing dietary AA-induced cancer risks expressed as YDL rates.

Morty, and Prevg, are the mortality and prevalence of a specific cancer endpoint, and Mort,,; and Prevyy are the total mortality and
prevalence during the five-year study period (2015-2019).

2.5. Burden of disease

This current study was designed to use three variable elements: concentration of dietary AA, mass of food ingested per day, and
body weight. These elements were used to compute dietary AA exposure (Equation (2)), which were then converted to cancer risks of
YLL (Ryp) and that of YLD (Ryp) (Equations (3a) and (3b)). Next, to obtain the average years of life lost (YLL) and years lived with
disability (YLD) due to kidney, ovary, and uterus cancer cases during the five years, we used Equations (5a) and (5b), respectively.
Equation (5a) calculates the YLL per fatal case (YLLpp) by incorporating each specific cancer’s total YLL and mortality rate. Equation
(5b) calculates the YLD per case (YLDpp) by incorporating the total YLD and the prevalence of each specific cancer. Thus, the dietary
AA attributable to the YLL and YLD of each specific cancer and its corresponding rate (per 100,000 persons) were computed. In (Fig. 2),
we illustrate the nexus connecting dietary AA exposures and the health metrics to yield the rates resulting from YLL and YLD, the
components of DALY rates. The details are provided in the Supplementary Table 4s.

YLL,

YLL,, = Mm"’ \ (5a)
sp
YLD ,,

YLD,, = ﬁ, (5b)
sp

Subsequently, the five-year range of the specific cancer prevalence (5-YRCs, same as F-YRCs,), YLL (F-YRC,, ) and YLD
(F-YRC,, 1p) attributable to dietary AA exposure were determined according to Equations (6a) and (6b): where Npop and LE,qp, are the
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Fig. 3. Mass

Fig. 4. Mass of food consumed from the two Western African countries (expressed in Log;o of mass of food (kg/day)).
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specific national populations [48] and their age-related life expectancies [49], respectively.

F-YRC,, ;p=

N, pop

‘pop

XRyp,

(6a)

(6b)

Thus, the dietary AA-induced YLLs and YLDs distributions per specific cancer were subsequently derived according to Equations
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Fig. 5. Acrylamide concentrations ingested from food categories derived from the two East African countries.
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Fig. 6. Acrylamide concentrations ingested from food categories derived from the two West African countries.

Table 1
Statistical outcomes of acrylamide ingestion and estimated exposures in Eastern and Western African countries.

Ethiopia-Kenya Ghana-Nigeria

Acrylamide (mg/kg) Exposure mg/kg (bw)-day Acrylamide (mg/kg) Exposure mg/kg (bw)-day
Mode 7.81 4.07 x 107 5.54 x 1072 1.03 x 107°
Median 4.93 1.64 x 1072 2.56 x 107! 3.19 x 107*
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Table 2a
Modal and median risk of Years of Life Lost and Years of Life lived in disability of kidney, ovarian and uterine cancers of age groups in the two East
African countries.

Risk of Years of Life Lost Risk of Years of Life in Disability
Kidney Ovarian Uterine Kidney Ovarian Uterine
Cancer Cancer Cancer Cancer Cancer Cancer
Ethiopia
Gender Male Female Female Female Male Female Female Female
Age Group Statistics
(years)
5-19 Mode 1.78 x 1.91 x 5.08 x 0.00 1.99 x 2.82 x 1.01 x 107 0.00
1077 1077 1077 1077 1077
Median 1.86 x 2.00 x 5.26 x 0.00 2.05 x 2.95 x 1.04 x 1073 0.00
1074 1074 1074 1074 1074
20-54 Mode 1.37 x 9.31 x 9.28 x 1.63 x 107° 7.17 x 6.77 x 6.46 x 107° 2.11 x 107°
10°° 1077 10°° 1077 1077
Median 1.42 x 9.69 x 9.63 x 1.68 x 1073 7.42 x 7.00 x 6.69 x 1073 219 x 1073
1073 1074 1073 107* 1074
55-89 Mode 5.72 x 3.77 x 1.49 x 6.79 x 10°° 9.42 x 7.38 x 3.23 x 10°° 2.76 x 10°°
10°° 10°° 10°° 1077 1077
Median 5.93 x 3.90 x 1.55 x 7.04 x 1073 9.73 x 7.64 x 3.33 x 107° 2.88 x 107°
1073 1073 1072 1074 1074
Kenya
5-19 Mode 1.39 x 1.68 x 4.73 x 0.00 2.90 x 4.03 x 1.57 x 107 0.00
1077 1077 1077 1077 1077
Median 1.87 x 2.23 x 6.30 x 0.00 2.15 x 2.99 x 1.16 x 1072 0.00
1074 1074 1074 1074 1074
20-54 Mode 1.38 x 1.13 x 1.25 x 2.17 x 107° 1.61 x 1.64 x 1.62 x 107> 6.07 x 107°
10°° 10°° 10°° 10°° 10°°
Median 1.84 x 1.49 x 1.68 x 2.88 x 1072 1.19 x 1.23 x 1.21 x 1072 4,47 x 1073
1073 1072 1072 1073 1072
55-89 Mode 3.15 x 3.55 x 1.92 x 7.45 x 107° 1.16 x 1.30 x 7.36 x 107° 6.23 x 107°
10°° 10°° 10°° 107 10°°
Median 417 x 4.75 x 2.55 x 9.95 x 1073 8.58 x 9.59 x 5.50 x 1072 462 x 1073
1073 1073 1072 1074 107

(7a) and (7b). Consequently, the specific DALY rates were determined per 100,000 population as the algebraic sums of individual YLLs,
and YLDy, (Equation (8)).

YLL,, = F-YRCy, 11, X YLL (7a)

YLDy, = F-YRCy, 1p X YDL (7b)

YLL,, + YLD, = DALY, (8
3. Results

3.1. Acrylamide exposure and excess lifetime cancer risks assessment

The masses of foods consumed from the four main categories of heat-processed foods reported across the two Eastern African
countries are presented in the logarithmic scale (Fig. 3). The average mass of foods consumed per person daily ranged from a minimum
of 2 g/day (log10 = 0.30), identified as beverages, cocoa and coffee, to a maximum of 398 g/day (log;o = 2.52), which presented as
cereal products. The rest of the categories of foods consumed ranged between these thresholds. In all, 75 separate food samples were
collected from the published papers, constituting four categories of foods sampled from the research area (Fig. 3). In Ethiopia, bev-
erages such as keribo; fermented, medium, light, deep, malted and unmalted drinks were included [50].

At the same time, French fries, unbranded potato crisps and branded potato crisps were also collected from Kenya. The food
samples were carefully selected for the study period (2015-2019) in the two East African countries. Conversely, the five leading food
categories representing frequently consumed foods in the two West African countries (Fig. 4) were collected from the FAO/WHO-
GEMS database and a comprehensive survey of foods published in Nigeria [51]. Unlike the East African countries, the minimum
mass of food consumed ranged from 18 g/day (log1o = 1.34), presenting as fats and oil-based foods, to a maximum of 631 g/day (logio
= 2.92), representing cereal-based products. In all, 89 separate food samples were collected from published papers, constituting five
categories of foods collected (Fig. 4).

In Nigeria, published articles showing the quantities of popularly fried foods such as yam, sweet potato fries, French fries, deep-
fried ripe plantain, fried akara, baked akara, roasted plantain, and baked meat pie were included in the study [52,53].
Cereal-based foods such as banku with fish or meat, kenkey and fish, and porridge with bread were included in the articles collected in
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Table 2b
Modal and median risk of Years of Life Lost and Years of Life lived in disability of kidney, ovarian and uterine cancers of age groups in the two West
African countries.

Risk of Years of Life Lost Risk of Years of Life in Disability
Kidney Ovarian Uterine Kidney Ovarian Uterine
Cancer Cancer Cancer Cancer Cancer Cancer
Ghana
Gender Male Female Female Female Male Female Female Female
Age Group Statistics
(years)
5-19 Mode 4.68 x 3.45 x 3.87 x 0.00 4.43 x 2.14 x 2.23 x 107° 0.00
1077 1077 1077 107° 10°°
Median 8.89 x 6.58 x 7.37 x 0.00 1.11 x 1.22 x 1.80 x 1074 0.00
107° 107° 107° 1072 1074
20-54 Mode 1.19 x 8.72 x 7.25 x 1.36 x 107° 6.46 x 2.09 x 1.53 x 107° 4.44 x 1075
10°° 1077 10°° 10°° 10°°
Median 2.29 x 1.65 x 1.37 x 2.64 x 1074 1.65 x 1.72 x 1.26 x 1072 1.39 x 1072
107* 1074 1073 1073 1074
55-89 Mode 2.88 x 1.43 x 1.15 x 9.08 x 107° 4.54 x 9.47 x 7.09 x 10°° 1.15 x 1074
10°° 10°° 10°° 10°° 1077
Median 5.54 x 2.74 x 2.20 x 1.72 x 1073 1.15 x 7.78 x 5.80 x 107* 3.63 x 107°
107* 1074 1073 1073 10°°
Nigeria
5-19 Mode 2.18 x 2.51 x 3.25 x 0.00 1.01 x 1.96 x 2.84 x 107° 0.00
1077 1077 1077 10°° 10°°
Median 4.43 x 5.13 x 6.45 x 0.00 5.68 x 8.57 x 1.61 x 1074 0.00
107° 107° 10°° 107° 107°
20-54 Mode 1.28 x 8.64 x 6.50 x 9.03 x 1077 3.37 x 3.95 x 1.97 x 10 5.49 x 107°
10°° 1077 10°° 10°° 10°°
Median 2.63 x 1.76 x 1.33 x 1.84 x 1074 1.90 x 1.73 x 111 x 1072 3.21 x 1074
1074 1074 1073 107* 1074
55-89 Mode 3.01 x 1.81 x 1.12 x 4,58 x 107° 2.44 x 1.29 x 1.09 x 107° 6.94 x 107°
10°° 10°° 10°° 107 10°°
Median 6.14 x 3.72 x 2.33 x 9.32 x 107* 1.38 x 1.05 x 6.22 x 107* 5.64 x 1074
107* 1074 1073 1074 107

Ghana. Other tuber and root-based foods such as Fufu with fish soup, gari and beans, and ampesi with stew; all forms of rice products
and fish, oats with bread, Hausa Koko with koose, or Buffloaf; and beverages such as tea and cocoa drinks were included [54]. Details of
the dietary AA concentrations are shown in Figs. 5 and 6. The concentrations ranged from a minimum of 0.13 mg/kg dietary AA (fats
and oils) to 9.73 mg/kg (roots, tubers, plantains and their products) for published works in East Africa.

On the other hand, for the West African study area, the concentrations of dietary AA ranged from a minimum of 0.025 mg/kg to a
high of 14.39 mg/kg (cereals and their products). In contrast, the other food categories presented dietary AA concentrations within the
range. Subsequently, the exposure estimated in the two study areas is shown in Table 1. We observed that the most frequently
occurring dietary AA concentration in the Ethiopia-Kenya study area (7.81 mg/kg) was significantly higher than that of the Ghana-
Nigeria study area (5.54 x 10~2 mg/kg). However, the exposure in the Ghana-Nigeria study area was higher (1.03 x 10~° mg/kg
(bw)-day) relative to the Ethiopia-Kenya study area (4.07 x 1076 mg/kg (bw)-day).

3.2. Risk of years of life lost

Kidney cancer: Generally, the risk of AA-induced YLL of kidney cancers in the four countries (Tables 2a and 2b) presented similar
insignificant (<107°) trends across the youthful age groups to significant for the aged years (>107%). In all these cases, the median
statistic was higher than the most frequently occurring risk, which was low (~107%). The highest median risk was recorded for the
male-aged group in Ethiopia (5.93 x 10~%), followed by the aged female group in Kenya (4.75 x 10~3). However, Ghana’s aged female
group recorded the lowest median risk (2.74 x 1074.

Ovarian and Uterine cancers: For the risk of years of life lost to ovarian and uterine cancer diseases, a similar pattern emerged
across the study areas where the modal risk was insignificant among the youth, increasing to significant risks among the aged groups.
The highest median risk for ovarian and uterine cancer diseases was recorded in Kenya, whereas the lowest ovarian and uterine cancer
risks were respectively recorded in Ghana (2.20 x 10_3) and Nigeria (9.32 x 10°94.

3.3. Risk of years of living with a disability

Kidney Cancer: There seemed to be a higher modal risk of YLD of kidney cancer disease (Tables 2a and 2b) in both male and female
populations (1075-107°) in the Ghana study area. Relative to the Ethiopia and Kenya study areas, there were low modal risks across the
age groups ranging between 10~7-107°. Similarly, the median risk of years of life with disability of kidney cancer disease across the age
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Table 3a
The dietary AA-induced five-year cancer prevalence rates YLD, YLL and DALY of cancers in kidney, ovaries, and uteri among age-related populations
in Ghana.

Age group 5-YRC YLL YLD DALY % Cancer
(years)

Mode Median  Mode Median Mode Median Mode Median Mode Median

Gender  Kidney Cancer

5-19 Male 23.95 642 1.65 x 3.99 x 1.34 x 5.40 x 1.78 x 4.04 x 1.02 x 2.74
1074 1072 107° 1074 1074 1072 107!
Female  0.35 66 1.10 x 2.70 x 2.76 x 5.19 x 1.10 x 2.71 x 1.79 x 0.34
104 102 1077 10°° 104 1072 103
20-54 Male 23.37 949 2.51 x 6.11 x 2.78 x 9.05 x 2.79 x 6.20 x 4.75 x 1.93
1074 1072 107° 1074 1074 1072 1072
Female  0.49 93 1.58 x 3.93 x 4.42 x 8.43 x 1.58 x 3.94 x 211 x 0.04
107 1072 1077 107° 107 1072 1074
55-89 Male 16.45 664 3.01 x 7.33 x 2.63 x 1.06 x 3.27 x 7.44 x 1.55 x 0.63
107 1072 10°° 1073 107 1072 1072
Female 0.22 42 1.34 x 3.33 x 3.09 x 5.89 x 1.34 x 3.34 x 1.55 x 0.03
1074 1072 1077 107° 1074 1072 1074
Female Ovarian Cancer
5-19 0.54 98 1.17 x 2.95 x 6.99 x 7.16 x 1.18 x 3.00 x 2.58 x 0.49
107* 1072 1077 107° 1074 1072 1073
20-54 3.71 683 1.32 x 3.34 x 4.19 x 7.64 x 1.32 x 3.35 x 1.61 x 0.30
1073 10! 10°° 1074 1073 107! 1073
55-89 1.73 314 1.10 x 2.78 x 3.19 x 5.81 x 1.10 x 2.79 x 1.21 x 0.22
1073 107! 10°° 107 1073 107! 1073
Female Uterine Cancer
5-19 0 0 0 0 0 0 0 0 0 0
20-54 10.81 742 2.34 x 5.92 x 8.94 x 6.12 x 2.43 x 5.98 x 4.68 x 0.32
107 1072 10°° 107 107 1072 1072
55-89 28.30 1932 8.81 x 2.22 x 2.76 x 1.89 x 9.09 x 2.24 x 1.98 x 1.36
107* 107! 107° 1072 1074 107! 1072
TOTAL 109.92 6225 a--- 4.88 x 1.20 9.23 x 8.4
1073 107!

5-YRC: Five year-range cancers for specific cancers; YLL: Years of life lost for specific cancers; YLD: Years of life lived with a disability for specific
cancers; DALYs: Disability adjusted life years for specific cancers.

groups ranged between 107°-10*, with no clear patterns across these age groups relative to the Ghana study area where the risk was
higher (107%-107%).

Ovarian and Uterine cancers: The modal risk of YLD rates for ovarian and uterine cancer diseases across all four study areas ranged
between 10° and 107 for all the age groups without showing any clear patterns. Generally, the median risk increased across the age
groups for all the study areas, presenting the highest risk of ovarian (5.5 x 10~%) and uterine (4.62 x 10~2) cancer diseases in Kenya.
The least risk was recorded in the Nigeria study area for ovarian (6.22 x 10~* and uterine (5.64 x 10~*) cancer diseases.

3.4. Cancer burdens

Table 3a-d present the median and the mode of 5-YRCs, YLL rates, YLD rates, DALY rates, and the dietary AA-induced percentage
cancer in Ghana, Nigeria, Ethiopia, and Kenya within the study period. These statistics were chosen to avoid biases that may arise from
outliers. The metrics were obtained for the specific cancer endpoints for the three cancers studied per 100,000 population.

3.4.1. Kidney cancer

3.4.1.1. Disability adjusted life years (DALYs) rates. The dietary AA-induced cancer burdens obtained across the four countries were
such that the male population generally presented higher DALY rates than the female population. The median DALY rates from
Ethiopia (Table 3c) were the highest (0.29-2.47), whereas, in Ghana (Table 3a), the lowest DALY rates (0.0271-0.0744) were
recorded. There was a consistent increase in DALY rates from the younger male population to the older male population. Similarly, the
median DALY rates of the female population followed a similar trend. It is observed that the YLL rates component of the DALY rates
contributed more to the total DALY than the YLD rates component. Notably, the frequently occurring (mode) DALY rates for kidney
cancer in the four countries were between 10> (Kenya) and 107! (Ethiopia) due to dietary AA exposure.

3.4.1.2. Acrylamide-induced (AA-induced) five-year range cancer prevalence rates (5-YRC) in kidney. The median dietary AA-induced
cancer prevalence rates over the five years of study were highest in Ethiopia (Table 3c) among all the four-country study areas. It
consistently increased from the young male population (396) to the adult male population (1,882). The dietary AA-induced kidney
cancer cases in the female population also increased across the same trend, presenting the highest median 5-YRC prevalence (1,371).
The median 5-YRC prevalence in Kenya (Table 3d) was high among the middle-aged for both the male (1,091) and female (1,053)
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Table 3b
The dietary AA-induced five-year cancer prevalence rates YLD, YLL and DALY of cancers in kidney, ovaries, and uteri among age-related populations
in Nigeria.

5-YRC YLL YLD DALY % Cancer
Mode Median Mode Median Mode Median Mode Median Mode Median
Age group Gender  Kidney Cancer
(years)
5-19 Male 1.14 210 9.05 x 0.129 9.63 x 1.76 x 9.06 x 1.29 x 1.56 x 0.29
107 1077 107 107 107! 1073
Female  2.83 300 5.40 x 0.139 2.21 x 2.34 x 5.42 x 1.39 x 3.75 x 0.40
1074 10°° 107* 1074 107! 1072
20-54 Male 3.80 703 2.97 x 0.422 3.67 x 6.76 x 2.97 x 4.23 x 3.08 x 0.57
1073 10°° 107 1073 107! 1073
Female  5.71 605 1.06 x 0.273 4.93 x 5.22 x 1.06 x 2.74 x 5.84 x 0.06
1072 10°° 107* 1072 107! 1074
55-89 Male 2.76 508 1.97 x 0.497 4.09 x 7.52 x 1.97 x 4.98 x 4.14 x 0.08
1073 10°° 1074 1073 107! 1074
Female 3.45 366 1.14 x 0.293 4.79 x 5.13 x 1.14 x 2.94 x 5.39 x 0.06
1073 10°° 107 1073 107! 107
Female Ovarian Cancer
5-19 5.27 563 6.79 x 0.17 3.88 x 4.10 x 6.83 x 1.70 x 7.00 x 0.75
107 10°° 107* 1074 107! 1073
20-54 36.60 3901 7.88 x 2.02 4.34 x 4.59 x 7.92 x 2.02 3.74 x 0.40
1073 10°° 1072 1073 1073
55-89 20.46 2187 7.52 x 1.94 3.65 x 3.90 x 7.56 x 1.94 3.20 x 0.34
1073 10°° 1073 1073 1073
Female Uterine Cancer
5-19 0 0 0 0 0 0 0 0 0 0
20-54 10.30 1122 1.05 x 0.27 8.23 x 8.73 x 1.06 x 2.71 x 1.05 x 0.12
1073 10°° 107 1073 107! 1072
55-89 18.53 1970 2.79 x 0.72 1.78 x 1.90 x 2.81 x 7.22 2.90 x 0.31
1073 10°° 1073 1073 1073
TOTAL 110.85 12,435 ---- 2.86 x 13.40 2.78 x 3.38
1072 1072

5-YRC: Five year-range cancers for specific cancers; YLL: Years of life lost for specific cancers; YLD: Years of life lived with a disability for specific
cancers; DALYs: Disability adjusted life years for specific cancers.

populations. While the median 5-YRC prevalence in Ghana (Table 3a) was the lowest, it also indicated that the female population
consistently presented lower values (42.06-92.94) relative to the male population (642.28-948.63). Characteristically, the female
population presented the least 5-YRC prevalence (42) among the four countries. Similar to Kenya, the middle-aged population in
Nigeria (Table 3b) presented a high 5-YRC prevalence for the male (701) and female (605) populations. Among the three age cate-
gories, the adult female population in Ghana (Table 3a) presented the lowest percentage of dietary AA-induced kidney cancer cases
(0.03 %). The highest cases in the young male population (2.74 %) were also recorded in Ghana. The percentage of kidney cancer
across the three age groups in Nigeria was consistently low (0.06-0.57 %) compared to the three other countries in the study area.

3.4.2. Ovarian cancer

3.4.2.1. Disability adjusted life years (DALYs) rates. The median dietary AA-induced DALY rates recorded across the four-country study
areas for ovarian cancer closely followed that of kidney cancer. The highest cases were presented in Ethiopia (0.755-8.42), followed by
Kenya (0.401-6.39). However, the most minor cases were recorded in Ghana (0.0030-0.0335). Although the median DALY rates
recorded in Ethiopia and Kenya were high, the most frequently occurring (mode) DALY rates presented were low, ranging from 1.18 x
10~* (Ghana) to 7.92 x 1073 (Ethiopia). The ovarian cancer cases increased consistently from the younger to the older age group.
However, the middle-aged group in Ghana, rather than the older group, presented the highest median DALY rates (0.335). Similar to
the dietary AA-induced kidney cancer trends, YLL rates rather than the YLD rates contributed significantly to the ovarian cancer
disease DALY rates across the study area.

3.4.2.2. Acrylamide-induced (AA-induced) five-year range cancer (5-YRC) prevalence rates in ovaries. Across the study area, the
middle-aged group presented the highest median 5-YRC prevalence rates apart from Ethiopia, which recorded the highest (1,863)
among the younger age group. It ranged from 683 (Ghana) to 10,343 (Kenya). However, the cases were low for the most frequently
occurring (mode) dietary AA-induced 5-YRC prevalence across the study area. Ethiopia recorded the lowest (5.49 x 10~3) for the older
age group, whereas Nigeria presented the highest (36.6). The percentage of dietary AA attributable to ovarian cancer across the study
area consistently decreased from the younger to the older age group. However, in the Ethiopia and Kenya study areas, the median
dietary AA-induced ovarian cancer cases were higher (2.58-7.50 %) than that of the Ghana-Nigeria areas (0.22-0.75 %). The most
frequently occurring (mode) 5-YRC prevalence of dietary AA-induced ovarian cancer cases remained under ~1075,
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Table 3c
The dietary AA-induced five-year cancer prevalence rates YLD, YLL and DALY of cancers in kidneys, ovaries, and uteri among age-related populations
in Ethiopia.

Age group 5-YRC YLL YLD DALY % Cancer
(years)

Mode Median  Mode Median  Mode Median Mode Median Mode Median

Gender  Kidney Cancer

5-19 Male 0.35 396 2.32 x 0.29 3.00 x 3.36 x 2.32 x 2.90 x 7.95 x 0.89
1074 1077 1074 1074 107! 1074
Female  0.45 531 2.35 x 0.29 3.58 x 4.21 x 2.35 x 2.90 x 8.36 x 0.99
104 1077 104 1074 10! 104
20-54 Male 1.27 1440 9.50 x 1.19 1.33 x 1.51 x 9.51 x 1.19 x 1.16 x 1.32
1074 10°° 1072 1074 107! 1073
Female  1.06 1262 6.45 x 0.79 3.53 x 4.42 x 6.80 x 8.34 x 2.28 x 0.27
1074 10°° 1072 1074 107! 1074
55-89 Male 1.66 1882 198 x 2.47 2.87 x 3.23 x 1.98 x 2.47 8.42 x 0.95
1073 10°° 1073 107! 107
Female 1.16 1371 1.25 x 1.52 1.93 x 2.28 x 1.25 x 1.52 4.98 x 0.59
1072 10°° 1072 1072 1074
Female Ovarian Cancer
5-19 1.60 1863 5.93 x 0.72 2.89 x 3.52 x 6.22 x 7.55 x 2.98 x 3.48
1074 10°° 1072 1074 107! 1072
20-54 6.53 x 8 6.53 x 7.97 3.63 x 4.45 x 6.89 x 8.42 2.21 x 2.58
103 1073 1074 107! 1073 1073
55-89 5.49 x 7 5.49 x 6.68 3.00 x 3.73 x 5.79 x 7.05 2.20 x 2.58
1073 1073 1074 107! 1073 1073
Female Uterine Cancer
5-19 0 0 0 0 0 0 0 0 0 0
20-54 3.29 3960 1.14 x 1.34 6.42 x 7.82 x 1.20 x 1.42 7.04 x 0.86
1073 10°° 1072 1073 1074
55-89 4.43 5196 2.36 x 2.77 1.22 x 1.51 x 2.48 x 2.92 1.90 x 2.23
1072 107* 107! 1072 1073
TOTAL 15.27 17,916  ---- 2.18 x 26.10 4.18 x 16.74
107! 107!

5-YRC: Five year-range cancers for specific cancers; YLL: Years of life lost for specific cancers; YLD: Years of life lived with a disability for specific
cancers; DALYs: Disability adjusted life years for specific cancers.

3.4.3. Uterine cancer

3.4.3.1. Disability adjusted life years (DALYs) rates. Across the study area, the young age group presented no uterine cancer DALY
rates. However, the median dietary AA-induced uterine cancer disease DALY rates were the lowest in Ghana (5.98 x 1072) but highest
in Nigeria (7.22). The DALY rates, which increased across the age groups, were more influenced by their YLL rates component than the
YLD Iates.gCharacteristically, the most frequently occurring (mode) dietary AA-induced uterine cancer DALY rates were very low
(1077-107°).

3.4.3.2. Acrylamide-induced (AA-induced) five-year range cancer (5-YRC) prevalence rates in the uterus. The prevalence rates
were highest in Ethiopia (3960-5196) and Kenya (3846-3961) regions but comparatively lower in Ghana (742-1932) and Nigeria
regions (1122-1970). However, the most frequently occurring (mode) 5-YRC were significantly low (10"*-10"%) across the study area.
The older age groups across the region characteristically presented higher 5-YRCs. The four study areas also showed no records of the
percentage of cancer for the younger age groups. However, the middle age group in Nigeria presented the lowest median dietary AA-
induced percentage uterine cancer prevalence (0.12%), while the highest was recorded in Kenya (1.70%). For the middle and older age
groups, the median dietary AA-induced uterine percentage cancer cases increased consistently across all four study areas. The highest
(4.68x10°2%) most frequently occurring (mode) dietary AA-induced percentage uterine cancer disease was recorded in Ghana, while
the middle age group in Ethiopia recorded the least (7.04x10%).

4. Discussion

In this study, we estimated DALY rates (algebraic sum of YLLs and YLDs) for dietary AA-induced kidney, ovary, and uterine cancer
diseases in four study areas: Ghana, Nigeria, Ethiopia, and Kenya. We estimated the most frequently occurring (mode) DALY rates as
ranging from a low (0.00488) in Ghana to the highest (0.218) in Ethiopia per 100,000 population. We observed that the modal DALY
rates were lower across the study area than the median DALY rates that presented higher values. Generally, the two West African
countries presented lower DALY rates than East African countries. For example, we estimated a median of 1.2 healthy life years lost per
100,000 population of the three cancer diseases in Ghana.

Meanwhile, 26.10 healthy life years lost per 100,000 population were recorded in Ethiopia. Relative to a similar study in Denmark
[35], 1.8 healthy life years per 100,000 population were lost based on dietary AA-induced cancers. While the low DALY rates recorded
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Table 3d
The dietary AA-induced five-year cancer prevalence rates YLD, YLL and DALY of cancers in kidneys, ovaries, and uteri among age-related populations
in Kenya.

Age group 5-YRC YLL YLD DALY % Cancer
(years)

Mode Median  Mode Median  Mode Median Mode Median Mode Median

Gender  Kidney Cancer

5-19 Male 0.23 196 3.65 x 0.06 2.04 x 1.76 x 3.67 x 6.02 x 1.46 x 1.27
107° 1077 107* 107° 1072 1073
Female  0.31 255 9.05 x 0.15 1.92 x 1.89 x 1.10 x 1.69 x 2.20 x 1.82
10°° 10°° 102 104 10! 103
20-54 Male 1.25 1091 2.01 x 0.31 1.29 x 1.11 x 2.02 x 3.11 x 1.92 x 1.68
1074 10°° 1073 1074 107! 1073
Female  1.24 1053 3.45 x 0.57 7.99 x 7.27 % 4.25 x 6.43 x 5.49 x 0.47
1074 107° 1072 1074 107! 107
55-89 Male 0.90 783 2.44 x 0.38 1.47 x 1.27 x 2.45 x 3.81 x 6.92 x 0.60
107 10°° 1073 107 107! 107
Female  0.98 826 5.33 x 0.88 1.42 x 1.28 x 6.75 x 1.01 7.77 x 0.65
1074 1074 107! 1074 1074
Female Ovarian Cancer
5-19 0 0 2.41 x 0.40 8.89 x 7.41 x 2.42 x 4,01 x 8.48 x 7.10
1074 1077 107* 1074 107! 1073
20-54 12.30 10,343  3.83 x 6.38 1.44 x 1.21 x 3.84 x 6.39 5.43 x 4.57
103 10°° 1072 1073 1073
55-89 5.62 4717 3.20 x 5.31 1.04 x 8.63 x 3.21 x 5.32 4.45 x 3.73
1073 10°° 1073 1073 1073
Female Uterine Cancer
5-19 0 0 0 0 0 0 0 0 0 0
20-54 4.59 3846 6.45 x 1.07 3.81 x 3.14 x 6.49 x 1.07 2.03 x 1.70
107 10°° 1073 1074 1073
55-89 473 3961 1.13 x 1.88 5.08 x 4.24 x 1.14 x 1.88 3.74 x 3.13
1072 10°° 1073 1073 1073
TOTAL 32.15 27,071  ---- 1.08 x 17.60 2.95 x 26.72
1072 1072

5-YRC: Five year-range cancers for specific cancers; YLL: Years of life lost for specific cancers; YLD: Years of life lived with a disability for specific
cancers; DALYs: Disability adjusted life years for specific cancers.

However, the most frequently occurring (mode) 5-YRC were significantly low (10~%-107%) across the study area. The older age groups across the
region characteristically presented higher 5-YRCs. The four study areas also showed no records of the percentage of cancer for the younger age groups.
However, the middle age group in Nigeria presented the lowest median dietary AA-induced percentage uterine cancer prevalence (0.12 %), while the
highest was recorded in Kenya (1.70 %). For the middle and older age groups, the median dietary AA-induced uterine percentage cancer cases
increased consistently across all four study areas. The highest (4.68 x 1072%) most frequently occurring (mode) dietary AA-induced percentage
uterine cancer disease was recorded in Ghana, while the middle age group in Ethiopia recorded the least (7.04 x 107%%).

in Denmark may be attributed to more robust healthcare infrastructure, the low to moderate DALY rate outcomes observed in this
current study may be attributed to other factors. Studies have shown that ethnicity and the interactions between socio-environmental,
behavioral and biological factors contribute to cancer development [55-57]. Thus, variations in these factors may have contributed to
the low metric rates observed in some zones in the current study area. However, a study in China [24] presented about 26,688 healthy
life years lost attributed to dietary AA-induced cancers. Relatively, such DALY rates are enormous compared to the low median values
(1.2-26.10) obtained in this current study. The median dietary AA exposures varied from a low of 3.19 x 10~% in the Ghana-Nigeria
study area to a high of 1.64 x 10~ mg/kg (bw)-day in the Ethiopia-Kenya study areas. Consequentially, we estimated the median
5-YRC prevalence of dietary AA-induced cancer diseases between 2015 and 2019 from 6225 (Ghana) to 27,071 (Kenya) per 100,000
populations. Thus, the dietary AA-induced risks were higher for the older than the younger age group. The general trend was that age
advancement could be one of the most critical risk factors for dietary AA-induced cancer diseases, as may be for many other cancer
types [58]. These median morbidity and mortality rates of dietary AA-induced cancer diseases in the four individual countries led to a
total loss of healthy lives of about 63.7 DALY rates per 100,000 population. It is evident from the results that these DALY rates could be
avoided if dietary AA-related food safety policies were in place. In the case of uterine cancer, no data was reported on the mortality and
prevalence for the younger age group, according to the IHME database [33]. It does not mean this group is immune from dietary
AA-induced cancer burdens; instead, it suggests the general trend concerning the age-related prevalence of cancer diseases [58].
Undoubtedly, the 5-YRC prevalence, which significantly impacts the DALY rates, might have arisen from different cultural food
processing methods specific to the ethnicities in the study areas [56]. They could also arise from different dietary habits, leading to
differences in dietary AA concentrations, resulting in exposure differences [26]. Many studies have shown that these exposure ele-
ments directly contribute to dietary AA exposure variations in the population [17]. However, the elements of exposure collected for
this study from literature are undoubtedly laden with uncertainties relating to the food consumption practices within the population,
body weight and dietary AA concentrations. The dietary AA concentrations have been shown to vary widely depending on the service
provider, the time for cooking, and the method and temperature used during cooking [59]. The final regional DALY rates show
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Details and illustrations of the nexus connecting AA exposures and the health metrics to yield YLL and YLD, the components of DALYs.
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different patterns of how dietary AA exposure affects consumers’ health. Thus, the differences in the dietary AA-linked burden of
cancers observed could be attributed to socio-environmental, behavioral and biological factors among closely related ethnic groups

[56] and their eating patterns.

4.1. Study limitations

There are some limitations associated with this study, and this is why the most frequently occurring (mode) and median cases were
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used in this report. For this reason, probabilistic models with their iterations were employed to provide a more realistic estimate of the
dietary AA-induced health outcomes. Thus, care must be exercised in the interpretations of the outcome of this study. Another
challenge was the relatively low number (six) of articles from the restrictive inclusion years of study (2015-2019), from which dietary
AA concentrations were collected. This limitation might impact our results. However, the probabilistic approach adopted may leverage
the results of the two uncertainty outcomes (modal and median values) presented in this report. Age-related standardized national and
international data on food consumption in the African region were unavailable. Thus, the mass of food consumed was the average daily
consumption by the whole population. Also, the non-availability of age and gender-related body weight distribution presented another
challenge. Therefore, we used fixed body weight, a default value proposed in such situations by EFSA [47]. However, reasonable
conclusions have been adduced once decisions or outcomes are interpreted using the associated uncertainties in a probabilistic
approach [60].
5. Conclusion

Among other uncertainties, the study estimated the total median cancer burdens in the four study areas to be 63.7 DALY rates,
ranging between 1.2 and 26.1. For individual countries, they presented as Ethiopia (26.1) > Kenya (17.6) > Nigeria (13.4) > Ghana
(1.2) per 100,000 population. These health metrics indicators represent the median dietary AA doses in foods consumed, expressed as
the associated exposures and risks relating to human cancer burdens in the three organs (kidney, ovary, and uterus). The model
developed in this study can produce results based on the quality of the elements of exposure supplied as input variables. The output of
this study establishes the processes that connect the exposures and risks of dietary AA-contaminated foods in a model designed to
estimate the related cancer burdens transmitted through foods.
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Abbreviations

AA Acrylamide

Egst Estimated exposure

AAgp;,  Distribution of the concentrations of acrylamide searched through literature
Bw Body weight of population

Mg Mass of food consumed

CSF Cancer slope factor

CSFgp Cancer slope factor scaled for a specific cancer endpoint

Morts, Mortality of a specific cancer endpoint

Mort,e Total mortality of cancers

CSFp, Cancer slope factor scaled for a specific cancer endpoint for risk of Years of life lost

CSFp  Cancer slope factor scaled for a specific cancer endpoint for risk of Years of life lived with a disability
Prevs, Prevalence for a specific cancer end point

Prevy,: Total prevalence of cancers

R
Rip

Risk of years of life lost
Risk of years of life with a disability

5-YRC Five year-range cancers

5-YRC;, Five year-range cancers for specific end point

5-YRG;), 11 Five year-range cancers for specific end point for life lost

5-YRCsp 1p Five year-range cancers for specific end point for life lived with a disability
Npop National population

LE0p Life expectancy of the population

DW
YLL

disability weight
Years of life lost

YLLg, Years of life lost for a specific cancer endpoint
YLLp,  Years of life lost per person

YLD

Years of life lived with a disability

YLDy,  Years of life lived with a disability for a specific cancer endpoint
YLD,, Years of life lived with a disability per person
DALYs Disability adjusted life years

FAO

Food and Agriculture Organization

EFSA European Food Safety Authority
IARC International Agency for Research on Cancer

IHM

E Institute for Health Metrics and Evaluation

WHO World Health Organization

US NTP United States National Toxicology Programme

ELTCR  Excess Lifetime Cancer Risk

MOE Margin of Exposure

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
GIFT Global Individual Food consumption data Tool

GEMS  Global Environment Monitoring System

NOS

Newcastle-Ottawa Scale

GBD Global Burden of Disease
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