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ARTICLE INFO ABSTRACT

Keywords: Background: Cadmium (Cd) is a toxic metal that is widely present in the environment due to geologic and
Blood cadmium anthropogenic sources. Exposures to high Cd levels may cause nephrotoxicity, carcinogenicity, pulmonary and
Adults cardiovascular disease, among others. The goal of this study was to investigate in an adult urban population

General population whether an association exists between sources and levels of Cd exposure and blood Cd concentrations.

Methods: Using a census-based design, a total of 959 adults, aged 40 years or older, were randomly selected.
Information on socio-demographics, dietary, and lifestyle background was obtained by household interviews.
Blood Cd levels were measured by inductively coupled-plasma mass spectrometry. Geometric means (GM) (95%
CI) and the 50th percentile were determined, stratified by sex, age, race, education, income class, smoking
status, consumption of vegetables, red meat and milk, occupation and blood pressure. To assess the association
between Cd exposure and the aforementioned variables, we estimated the geometric mean ratio (GMR) (95%CI)
of blood Cd concentrations.

Results and conclusion: The geometric mean (95%CI) of blood Cd levels in the total population was 0.25 (0.22,
0.27) ug/dL. In a univariate analysis, significantly higher blood Cd levels were found in men (p < 0.001),
current and former smokers (p < 0.001), alcohol drinkers (p < 0.001), those who never or almost never
consumed milk (p < 0.001), and in subjects with higher diastolic blood pressure (p = 0.03). Significant cor-
relations were found between the number of cigarettes consumed daily and blood Cd levels. Multivariate ana-
lysis confirmed higher blood Cd concentrations were associated with alcohol consumption (GMR 95%CI = 1.28,
1.04-1.59) and in former and current smokers (GMR 95% IC = 1.33, 1.06-1.67 and 4.23, 3.24-5.52, respec-
tively). Our results shed novel information on variables associated with blood Cd levels in an urban Brazilian
population, and should encourage additional research to prevent environmental Cd exposure, both in Brazil and

globally.
1. Introduction kidney dysfunction, skeletal damage, pulmonary disease and cardio-
vascular diseases, possibly being harmful to endothelial cells (Hecht
Cadmium (Cd) is a toxic metal that is widely present in the en- et al., 2016; Jarup and Akesson, 2009; Luckett et al., 2012; Madrigal
vironment due to geologic and anthropogenic sources. Cadmium can et al., 2019).
have negative health consequences, including increased risk of cancer, Cd is ranked 7th in the list of Hazardous Substance Priority List
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established by the US ATSDR (ATSDR, 2019).

The most common sources of Cd exposure in the general population
include food and cigarette smoke. Smoking status predicts blood Cd
concentrations, with significant differences in mean blood Cd levels
between never versus former and current smokers (Abass et al., 2017;
Hecht et al., 2016; Jarup et al., 1998; Nisse et al., 2017; Wiseman et al.,
2017). In addition, the number of daily smoked cigarettes is associated
with blood Cd concentrations (Hecht et al., 2016).

For the non-smoking population, diet is the most important source
of Cd exposure (Garner and Levallois, 2016). A study in Canada showed
that Cd had a high soil-to-root translocation, and high environmental
mobility and solubility, therefore, when present in agricultural soils, Cd
may be readily taken up by several cultivars (Wiseman et al., 2014,
2017). Generally, some cereals and vegetables are important dietary
sources of Cd (Ahn et al., 2017b; Olsson et al., 2002). Various milk
products, red meat and particularly processed meat consumption have
been shown to be negatively associated with Cd concentration in blood
or urine (Krajcovicova-Kudladkova et al., 2006; Olmedo et al., 2017;
Wiseman et al., 2017). In addition to diet, an association between blood
Cd levels and age may also exist (Garner and Levallois, 2016; Nisse
et al., 2017). Given the long half-life of Cd and its propensity to accu-
mulate in the kidney over time (Franceschini et al., 2017), urinary Cd
levels may represent an optimal biomarker for assessment of the re-
lationship between Cd and age.

Blood Cd is the most reliable biomarker of recent exposure and is
usually assessed in whole blood (Jarup and Akesson, 2009). In addition,
Roels et al. (1999) have demonstrated the utility of urinary cadmium as
a biomarker in workers chronically exposed to Cd, reflecting largely
past and life-time exposures (Roels et al., 1999). Furthermore, blood Cd
concentrations show a good correlation with urine Cd levels (Gil et al.,
2011; Hecht et al., 2016; Sun et al., 2016).

Taken together, the goal of this study was to investigate in an adult
urban population whether an association exists between sources and
levels of Cd exposure and blood Cd concentration. In addition, we
aimed to verify whether there is a relationship between blood Cd levels
and blood pressure in the same population.

2. Methods

This study followed the “Strengthening the Reporting of
Observational studies in Epidemiology” (STROBE) guidelines.

2.1. Study population and sampling process

The present study used a census-based design in a general popula-
tion, aged 40 or older, living in the urban area from the city of Cambe,
Southern Brazil. At the time of the recruitment the city had a total of
92,888 inhabitants, of whom around 33% were in the defined age
group (IBGE, 2009). All census tracts in the urban region were included
in the study and the number of subjects to be interviewed in each tract
was calculated proportionally to the amount of men and women aged
40 or older. The sample size was calculated using the StatCalc appli-
cation Epi Info 3.5.1 program, and the final sample size was estimated
in 1066 subjects. Predicting losses and refusals, the sample was increase
by 25%. A total of 1180 of the selected participants completed the in-
terview and 959 of these volunteers performed blood collection. Com-
plete information of the study design and sampling has already been
published (Almeida Lopes et al., 2015).

This research was approved by the Ethics Committee of the State
University of Londrina (research protocol number 236,/10). During data
collection, all the participants were asked to sign a consent form after
being aware of the research objectives.

2.2. Data collection and study variables

Data collection was performed by a household interview carried out

Environmental Research 187 (2020) 109618

by trained personnel, followed by anthropometric and blood pressure
measurements. At the time of the interview, the collection of biological
material was scheduled. A pilot test was carried out with volunteers in a
nearby city to optimize the questionnaire.

Information on gender, age, race, education, income class, occupa-
tion, vegetables, red meat and milk consumption, smoking, alcohol
consumption and hypertension status was obtained from each subject.

Systolic and diastolic blood pressure were measured by digital
equipment Omron HEM 742. The measures were in accordance with the
guidelines of the VI Brazilian Guidelines on Hypertension (SBH, 2010)
where three measurements were taken with 1-min interval between
them. The mean of the last two blood pressure measurements was
considered the most accurate blood pressure. Participants were con-
sidered as hypertensive if any of the following criteria were present: a
systolic blood pressure of 140 mm Hg or higher, a diastolic blood
pressure of 90 mm Hg or higher, or self-reported use of anti-
hypertensive medication.

According to self-reported answers, race was categorized as white
and non-white, and education was based in the number of years of
education completed (0-3, 4-7, 8-11, and 12 or more years of study).

Income class was set according to the Brazilian Association of
Research Companies (ABEP, 2010), that estimates the purchasing
power and economic status of participants. This variable was categor-
ized for this study as A/B classes (corresponding to the higher income
levels), C class (medium income level), and D/E classes (related to the
lower income levels). Potential exposure to cadmium by volunteers in
occupational settings was verified through self-reported current or
former employment.

During the household interview, we asked participants how many
days during the week he/she ate at least one type of the following
vegetables: lettuce, tomato, cabbage, chayote, eggplant, or zucchini.
Consumption data were categorized into never/almost never, 1 to 4
times a week and 5 to 7 times a week. The volunteers also reported on
the weekly frequency of red meat consumption: never/almost never, 1
to 4 times a week and 5 to 7 times a week.

Smoking status was based on self-report that was categorized as
never-smoker, former smoker and current smoker. Current smoker was
defined as someone who has smoked at least 1 cigarette every day of the
30 days before the interview, and former smoker as one who has
smoked at least 100 cigarettes in his/her lifetime, but who quit smoking
at the time of interview (NHIS, 2017). To assess the influence of the
number of cigarettes smoked on blood Cd levels, groups of smokers
were established up to 9 cigarettes per day, 10 to 20 cigarettes and over
20 cigarettes per day.

Alcohol consumption was stratified by the amount and frequency of
drinking. Drinkers were classified as individuals who drank occasion-
ally (less than twice a week), frequently (two to six times a week), or
daily. Drinkers not fitting in the above groups but consuming alcohol
over the last 30 days were divided into those binging on 4 (women) or 5
(men) alcohol drinks at least on one occasion (over the last 30 days).
Binging reflects 4 to 5 cans of beer, 4 to 5 glasses of wine or 4 to 5
drinks containing sugar cane, whiskey or other distilled beverages.

2.3. Blood sampling and determination of blood Cd levels

Whole blood samples (5 ml) were obtained by venipuncture, col-
lected in heparinized metal-free containers (BD Vacutainer®, Plymouth,
UK), and stored at —20 °C until processed. Blood cadmium determi-
nations were performed using an Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), model Elan DRC II, PerkinElmer (Norwalk, CT,
EUA), in the Adolfo Lutz Institute, Sao Paulo, Brazil.

In order to determine Cd levels in blood, an aliquot of 100 pl total
blood, previously heparinized, was diluted in 1900 pl solution con-
taining 0.05% v/v Triton® X-100 PA, CAS 9002-93-1 (Merck, Darmstadt
— Germany) plus 0.2% (v/v) HNO3 65% Suprapur ®, CAS 7697-37-2
(Merck, Darmstadt — Germany). Samples were analyzed against matrix-
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Table 1

Participants’ characteristics and blood cadmium levels (ug/L).
Characteristic n (%) Percentile 50 th Interquartile range Min-max values GM (95% CI) p-value*
Overall 959 (100) 0.37 0.28 0.04-3.77 0.25 (0.22, 0.27)
Sex < 0.001
Men 426 (44.4) 0.4 0.28 0.004-3.08 0.28 (0.24, 0.32)
Women 533 (55.6) 0.36 0.26 0.004-3.77 0.22 (0.19, 0.25)
Age (years) 0.35
40-49 388 (40.5) 0.38 0.25 0.004-2.76 0.25 (0.22, 0.30)
50-59 300 (31.3) 0.37 0.31 0.004-3.08 0.26 (0.22, 0.31)
=60 271 (28.2) 0.36 0.28 0.004-3.77 0.22 (0.18, 0.27)
Race 0.44
White 570 (59.4) 0.37 0.26 0.004-3.08 0.25 (0.22, 0.28)
Non white 389 (40.6) 0.38 0.31 0.004-3.77 0.24 (0.20, 0.28)
Education (years) 0.06
0-3 233 (24.3) 0.36 0.28 0.004-3.77 0.22 (0.18, 0.28)
4-7 360 (37.5) 0.39 0.3 0.004-3.08 0.26 (0.22, 0.31)
8 or more 366 (38.2) 0.37 0.27 0.004-2.86 0.25 (0.21, 0.29)
Income class® 0.41
A and B 373 (39.1) 0.37 0.24 0.004-2.86 0.24 (0.21, 0.28)
C 500 (52.1) 0.37 0.32 0.004-3.08 0.26 (0.22, 0.29)
Dand E 84 (8.8) 0.39 0.27 0.004-3.77 0.20 (0.14, 0.30)
Smoking < 0.001
Never®** 505 (52.6) 0.32 0.23 0.004-3.77 0.17 (0.15, 0.20)
Former® 271 (28.3) 0.38 0.24 0.004-1.82 0.23 (0.19, 0.28)
Current® 183 (19.1) 0.81 0.57 0.004-3.08 0.74 (0.66, 0.83)
Alcohol intake < 0.001
Do not drink 593 (61.8) 0.35 0.29 0.004-3.77 0.21 (0.18, 0.24)
Drink 366 (38.2) 0.41 0.26 0.004-3.08 0.32 (0.28, 0.37)
Vegetable intake® 0.311
Never-almost never 67 (6.9) 0.38 0.3 0.004-2.05 0.31 (0.22, 0.44)
1-4 days/wk 264 (27.5) 0.38 0.32 0.004-1.98 0.24 (0.20, 0.29)
5-7 days/wk 627 (65.4) 0.37 0.26 0.004-3.77 0.24 (0.21, 0.27)
Red meat intake 0.27
Never-almost never 51 (5.3) 0.39 0.24 0.004-1.82 0.29 (0.20, 0.43)
1-4 days/wk 516 (53.8) 0.37 0.27 0.004-3.77 0.23 (0.20, 0.27)
5-7 days/wk 391 (40.9) 0.37 0.31 0.004-3.08 0.26 (0.22, 0.30)
Milk intake® < 0.001
Never-almost never®** 307 (32.0) 0.42 0.3 0.004-3.77 0.30 (0.25, 0.36)
1-4 days/wk® 131 (13.7) 0.4 0.29 0.004-2.86 0.31 (0.24, 0.40)
5-7 days/w]((b 520 (54.3) 0.34 0.26 0.004-3.08 0.21 (0.18, 0.24)
Occupation? 0.36
Non exposed 847 (88.3) 0.37 0.27 0.004-3.77 0.25 (0.22, 0.27)
Exposed 112 (11.7) 0.41 0.35 0.004-2.56 0.24 (0.17, 0.33)
Systolic blood pressure® 0.49
< 140 mm Hg 603 (63.6) 0.38 0.29 0.004-2.86 0.25 (0.22, 0.28)
=140 mm Hg 345 (36.4) 0.37 0.27 0.004-3.77 0.25 (0.21, 0.29)
Diastolic blood pressure 0.03
< 90 mm Hg 714 (75.3) 0.37 0.27 0.004-3.77 0.24 (0.21, 0.27)
=90 mm Hg 234 (24.7) 0.4 0.29 0.004-3.08 0.28 (0.23, 0.34)
Hypertension®’ 0.79
No 550 (57.3) 0.37 0.29 0.004-2.86 0.24 (0.21, 0.28)
Yes 398 (41.5) 0.38 0.28 0.004-3.77 0.25 (0.22, 0.29)

GM: geometric mean.

*p-value obtained in the Mann-Whitney test (Wilcoxon Rank Sum Test) or Kruskal-Wallis test.
**Equal letters indicate that there are no differences between blood Cd levels among the groups, and different letters indicate that there are such differences.
PAccording to Associacio Brasileira de Empresas de Pesquisa, 2012.

“Data missing for one participant.

9dparticipants working in industries located in the urban area, classified according with CNAE (National Classification of Economic Activities).

€11 missing data on these variables (n = 948).

Hypertension defined as systolic blood pressure =140 mmHg and/or diastolic blood pressure =90 mmHg and/or current antihypertensive medication.

matching calibration. As internal standard, a solution of Indium 5 pg/L
was used. The monitored isotopes were '*Cd and '°In. All sample
preparation procedures and reagents were performed in an ISO class 7
cleanroom, equipped with an ISO class 5 laminar flow hood.

To evaluate the accuracy of the results, the standard reference
material Toxic Metals in Bovine Blood, from National Institute of
Standards and Technology (NIST 966 level 2) was used. The obtained
result was: 5.19 * 0.24 pg/L, showing good agreement with the cer-
tified value, 5.22 + 0.16 pg/L. The within-and-between batch preci-
sion were 4.2% and 4.6% respectively. The detection limit (LOD) and
the quantification limit (LOQ) were obtained by 10 consecutive

measurements of a blood sample with low cadmium concentration. The
LOD and LOQ were 0.002 pg/L and 0.005 pg/L, respectively.

2.4. Statistical analysis

For samples where the blood Cd levels were below the LOQ, we used
values corresponding to the LOQ divided by the square root of two
(LOD/V2), considering that most of the metals are log distributed.
Therefore, LOD/V2 better corresponds (than LOQ/2) to what would be
the median of the distribution of values below the LOQ.

Analyses were performed using the statistical software R Core Team
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Table 2

Male and female’ differences on smoking behaviors in the studied population.
Smoking Sex

Female Male Total

Never
N 349 156" 505
% 65.5 36.6 52.7
Former
N 106™ 165" 271
% 19.9 38.7 28.3
Current
N 78 105" 183
% 14.6 24.6 19.1

2 Equal letters indicate that there are no differences between blood Cd levels
among the groups, and different letters indicate that there are such differences.

(2020). In order to identify the variables related to blood Cd levels,
univariate analysis was performed followed with multivariate analysis
to further identify confounding variables. Geometric means (GM) and
corresponding 95% confidence intervals (95% CI) and the percentile
50th were determined, stratified by sex, age, race, education, income
class, smoking status, consumption of vegetables, red meat and milk,
occupation and blood pressure. We also determined the coefficient of
skewness for all stratified variables.

For blood Cd level comparisons for variables with two groups (for
example, sex), we applied Mann-Whitney test (Wilcoxon Rank Sum
Test). For comparisons of blood Cd concentrations for variables with
three groups (for example, smoking) we applied the Kruskal-Wallis test
followed by a post hoc test. Statistical significance was setatp < 0.05.

To assess the association between Cd exposure and socio-
demographic, lifestyle variables and blood pressure, we estimated the
geometric mean ratio (GMR) and corresponding 95% confidence in-
tervals (95% CI) of blood Cd concentrations. The estimates were ob-
tained by fitting linear regression models, considering log (Cd) as re-
sponse variable and the others as explanatory variables. GMR [exp
(Beta)] and the respective confidence intervals were extracted from the
model parameters.

For comparisons of blood Cd levels for variables with two groups
(for example, sex) we applied the Wilcoxon test. For comparisons of
blood Cd concentrations for variables with three groups (for example,
smoking) we applied the Kruskal-Wallis test followed by a post hoc test.
Statistical significance was set at p < 0.05.

To assess the association between Cd exposure and socio-
demographic, lifestyle variables and blood pressure, we estimated the
geometric mean ratio (GMR) and corresponding 95% confidence in-
tervals (95% CI) of blood Cd concentrations.

For comparisons of blood Cd levels in groups related to the number
of cigarettes smoked daily, we used ANOVA (data was transformed
using the Box-Cox transformation) followed by the Tukey test for
multiple comparisons.

3. Results and discussion
3.1. Participants characteristics and blood Cd distribution

This study presents data on blood Cd concentrations in an urban
population in Southern Brazil, aged 40 years and older. Furthermore,
the study evaluated the association between blood Cd levels, sources of
Cd human exposure and blood pressure. Participants completed the
interview, performed anthropometric measurements and blood samples
were obtained from the 959 individuals.

As can be seen in Table 1, 55.6% of the participants were women,
and 40.5% of the subjects were in the 40-49 age group, with ap-
proximately 28% being 60 years or older. More than half of the parti-
cipants belonged to economic class C and 38.2% had 8 or more years of
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education. Most of the subjects never smoked (52.6%) and did not drink
(61.8%).

The coefficient of skewness measures the symmetry of data dis-
tribution, and in the present study it varied from 1.49 to 5.96 for the
different variables. For blood Cd levels, the percentage of samples with
values below the LOQ were 11% which may contribute to a skewed
distribution. To address this issue, we used the adjusted geometric
mean ratio (GMR) (95% CI) of blood Cd concentrations by studied
variables. GMR has been proposed as alternative effect measure for
skewed continuous data (Friedrich et al., 2012).

Table 1 shows that the geometric mean (95%CI) of blood Cd levels
in the total population was 0.25 (0.22, 0.27) pg/dL, and significantly
higher in men than women (GM 95%CI = 0.28, 0.24-0.32 vs 0.22,
0.19-0.25 pg/dL, respectively) (p < 0.001). We also found significant
differences in blood Cd levels between non-smoking, former smoking
and current smoking participants (GM 95%CI = 0.17, 0.15-0.20; 0.23,
0.19-0.28; 0.74, 0.66-0.37 pg/dL, respectively) (p < 0.001). In ad-
dition, higher levels of blood Cd levels were found in smokers — up to 9,
from 10 to 20 and more than 20 cigarettes/day (0.75 pg/dL, 0.98 pg/
dL, and 1.21 pg/dL respectively, n = 183) compared to non-smokers
(0.17 pg/dL, n = 505). Significant differences were observed between
the group that consumed up to 9 cigarettes/day and the other two
groups with higher consumption. Table 2 presents smoking status,
showing significant differences between males vs. females (categorized
as non-smoker, former and current smoker), showing that men smoked
significantly more than women. The univariate analysis (Table 1) also
showed that alcohol drinkers had blood Cd levels significantly higher
than non-drinkers (GM 95% CI = 0.32, 0.28-0.37 vs 0.21,
0.18-0.83 pg/L, respectively) (p < 0.001). Significant differences in
blood Cd concentrations were found between subjects that never or
almost never consumed milk, those who consumed milk one to four
days a week and five to seven days a week (GM (95%CI) = 0.30,
0.25-0.36; 0.31, 0.24-0.40 and 0.21, 0.18-0.24 ug/L, respectively)
(< 0.001). Participants with higher blood Cd levels had higher diastolic
blood pressure than those with normal diastolic blood pressure (GM
95%CI = 0.28, 0.23-0.34 vs 0.24, 0.21-0.27 pg/dL) (p = 0.03)
(Table 1).

In the multivariate analysis (Table 3) smoking was associated with
blood Cd concentrations for former and current smokers (GMR 95%
IC = 1.33, 1.06-1.67 and 4.23, 3.24-5.52, respectively). Alcohol con-
sumption was also associated with blood Cd concentrations (GMR
95%CI = 1.28, 1.04-1.59). As shown in Table 3, univariate analysis
established milk consumption was inversely associated with blood Cd
levels, whereas for higher consumption of milk the GMR 95%IC was
equal to 0.69, 0.55-0.85 ng/dL. However, in the adjusted model, the
association was not confirmed. Systolic and diastolic blood pressure and
hypertension were not associated with blood Cd levels in the multi-
variable analysis. The same held up for the other studied variables
(Table 3).

3.2. Blood Cd concentrations and co-variates

3.2.1. Smoking

A strong association between Cd blood concentration and smoking
was noted, corroborating previous studies (Bjermo et al., 2013; Garner
and Levallois, 2017; Hecht et al., 2013; Madeddu et al., 2011; McKelvey
et al., 2007; Nisse et al., 2017; Richter et al., 2009; Takeda et al., 2017;
Tellez-Plaza et al., 2010). Recently, Repic et al. (2020) showed that
smokers had 3.5 times higher blood Cd levels than non-smokers. Our
study also showed that blood Cd levels increase with the number of
cigarettes smoked, corroborating findings by Hecht et al. (2016) and
Koreckova-Sysalova. (1997), and establishing that tobacco smoking is
an important source of Cd exposure (Koreckova-Sysalova, 1997).

The high concentration of Cd in cigarette reflects the ability of to-
bacco plants to absorb Cd from the soil and concentrate high levels of
the metal in its leaves (around 650-3630 ng/g tobacco) (Piade et al.,
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Table 3

- Ratio (95% CI) of the geometric means of blood cadmium levels (ug/L) by
socioeconomic and lifestyle variables.

Crude GM

Adjusted” GM

Ratio (95%CI)

Ratio (95%CI)

Sex

Female 533 1.00 (reference) 1.00 (reference)
Male 426 1.28 (1.05, 1.56) 0.98 (0.79, 1.23)
Age (years)

40-49 388 1.00 (reference) 1.00 (reference)
50-59 300 1.03 (0.81, 1.30) 1.06 (0.85, 1.34)
=60 271 0.87 (0.69, 1.11) 1.00 (0.76, 1.32)
Race

White 570 1.00 (reference) 1.00 (reference)
Non-white 389 0.94 (0.77, 1.15) 0.88 (0.72, 1.07)
Education (years)

0-3 233 1.00 (reference) 1.00 (reference)
4-7 360 1.15 (0.89, 1.49) 1.01 (0.77, 1.32)
8 or more 366 1.11 (0.86, 1.43) 1.05 (0.77, 1.42)
Income class

A and B 373 1.00 (reference) 1.00 (reference)
C 500 1.05 (0.85, 1.29) 0.95 (0.76, 1.19)
Dand E 84 0.83 (0.57, 1.20) 0.81 (0.55, 1.20)
Smoking

Never 505 1.00 (reference) 1.00 (reference)
Former 271 1.37 (1.10, 1.70) 1.33 (1.06, 1.67)
Current 183 4.33 (3.38, 5.55) 4.23 (3.24, 5.52)
Alcohol intake

Do not drink 593 1.00 (reference) 1.00 (reference)
Drink 366 1.54 (1.25, 1.88) 1.28 (1.04, 1.59)
Vegetable intake

Never — almost never 67 1.00 (reference) 1.00 (reference)
1-4 days/wk 264 0.77 (0.50, 1.17) 0.94 (0.63, 1.40)
5-7 days/wk 627 0.77 (0.52, 1.15) 0.98 (0.67, 1.44)
Red meat intake

Never — almost never® 51 (5.3) 1.00 (reference) 1.00 (reference)
1-4 days/wk" 516 (53.8) 0.80 (0.51, 1.26) 0.78 (0.50, 1.20)
5-7 days/wk® 391 (40.9) 0.88 (0.56, 1.39) 0.71 (0.45, 1.10)
Milk intake

Never — almost never 307 1.00 (reference) 1.00 (reference)
1-4 days/wk 131 1.04 (0.76, 1.43) 1.07 (0.79, 1.44)
5-7 days/wk 520 0.69 (0.55, 0.85) 0.88 (0.71, 1.09)
Occupation

Not exposed 847 1.00 (reference) 1.00 (reference)
Exposed 112 0.96 (0.71, 1.31) 0.78 (0.58, 1.06)
Systolic blood pressure®

< 140 mm Hg 603 (63.6) 1.00 (reference) 1.00 (reference)
=140 mm Hg 345 (36.4) 0.99 (0.80, 1.21) 0.86 (0.55, 1.36)
Diastolic blood pressure®

< 90 mm Hg 714 (75.3) 1.00 (reference) 1.00 (reference)
=90 mm Hg 234 (24.7) 1.18 (0.94, 1.49) 0.93 (0.67, 1.29)
Hypertension®*

No 550 (57.3) 1.00 (reference) 1.00 (reference)
Yes 398 (41.5) 1.04 (0.85, 1.27) 1.27 (0.75, 2.15)

@ Adjusted for sex, age, race, education, income class, smoking, alcohol

consumption, vegetables consumption, milk intake and occupation.

2015). Cd in tobacco may be volatilized by high temperatures during
the burning process, generating particulate matter that is readily in-
haled and absorbed (Cuello-Nunez et al., 2018; Pappas et al., 2015). In
general, cigarettes contain 1-2 pg of Cd, with ~50% of the being Cd
inhaled and absorbed upon smoking (Elinder et al., 1976; Jarup et al.,
1998; Nordberg and Nordberg, 1987). Moreover, it has been estimated
that a person smoking 20 cigarettes/day will absorb 1 pg of Cd (Jarup
et al., 1998).

3.2.2. Diet
For nonsmokers, several studies have demonstrated the impact of
diet on blood Cd levels in the general population (Ghoochani et al.,
2019; Krajcovicova-Kudladkova et al., 2006; Olsson et al., 2002).
Vegetables and fruits, whole grain products, grain sprouts, and
seeds are known sources of Cd in the general population, and appear to
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have more impact on blood Cd levels than other sources of food such as
meat (Krajcovicova-Kudladkova et al., 2006). Kim et al. (2018) noted
that lettuce intake contributed to total intake of Cd (14%) in Caucasian
and Black US residents; however, this study included children as well as
adults (Kim et al., 2018). We failed to observe an association between
blood Cd levels and vegetable intake. Other authors have also failed to
note an association between vegetable, nut and seed, as well as fruit
intake with blood Cd concentrations (Bjermo et al., 2013; Garner and
Levallois, 2017; Olsson et al., 2002). Nonetheless, in another study,
increased consumption of leafy vegetables (Sakellari et al., 2016) and
green vegetables (Park and Lee, 2013) were both associated with higher
blood Cd levels.

Dietary rice is an important source of Cd, especially in Asia, and it
has been shown to be positively associated with blood Cd levels (Huang
et al., 2019; Park and Lee, 2013). Brazil is the greatest non-Asian rice
producer, with an average yearly consumption of 50 kg/person
(Almeida Lopes et al., 2019; Paulelli et al., 2019). Kato et al. (2019)
have compared the amount of Cd in rice in three different geographic
regions in Brazil (Rio Grande do Sul, Santa Catarina, and Mato Grosso
States), noting that the production method (flooded or upland), soil
properties, water, and other local characteristics can lead to differences
in Cd content in rice. However, all rice samples showed Cd level below
the maximal limit established by the National Agency of Health Sur-
veillance (ANVISA, 2013; Kato et al., 2019). We did not collect in-
formation on rice consumption, therefore we are not able to analyze the
relationship between rice intake and blood Cd levels in our study po-
pulation. Furthermore, although we have plentiful data on vegetable
consumption habits, we lack information on the consumption of other
plant-derived foods, thus we are unable to fully characterize the dietary
Cd sources. However, it should be kept in mind that overall dietary
differences explain only a small percentage of variation in blood Cd
levels (Garner and Levallois, 2016).

We noted lack of significant differences in blood Cd levels in con-
sumers vs. non-consumers of red meat; beef was the most consumed
type of meat in our population. In another study blood Cd concentra-
tions were negatively associated with red meat intake (Bjermo et al.,
2013). An analogous relationship was noted with increased blood Cd
concentrations upon decreased meat consumption, and a significantly
higher mean blood Cd levels in vegetarians vs. non-vegetarians
(Krajcovicova-Kudladkové et al., 2006). While Olmedo et al. (2017)
reported that processed meat may be a potential dietary source of Cd, it
needs to be considered that the study analyzed urinary Cd (and not
blood) as a biomarker of exposure. Caution should be exercised in
contrasting these studies given that the studied populations consume
different diets.

We found that participants with higher cow's milk consumption (not
including soy milk) had significantly lower blood Cd levels, however
this finding was not confirmed in the adjusted analyses. In the study by
Wiseman et al. (2017), milk consumption was negatively associated
with blood Cd concentrations in the adjusted regression model
(p < 0.001). There is substantial evidence that Cd absorption is
modulated by metals, such as Zn, Fe and Ca, and that a low dietary
intake of these micronutrients may result in higher rates of gastro-
intestinal absorption and accumulation of Cd (Vesey, 2010; Wiseman
et al., 2017). In the study of Madeddu et al. (2011), the intake of Ca was
negatively correlated with blood Cd levels in females.

Global variations in toxicants exposures need to be considered. It is
noteworthy that the above cited studies were performed in different
countries and at times in different regions within a particular country.
Therefore, the differences in Cd concentrations in soil and food may
reflect the differences in the observed blood Cd levels in these popu-
lations. In addition, the smoking status of the population may also
contribute to differences in blood Cd levels.

3.2.3. Alcohol consumption
Exposure to Cd and drinking remains a controversial issue. We
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found that drinkers had blood Cd levels significantly higher than non-
drinkers (GM 95% CI = 0.32, 0.28-0.37 vs 0.21, 0.18-0.83 pg/L, re-
spectively) (p < 0.001), and this finding was corroborated in the ad-
justed analysis, where drinking was associated with higher blood Cd
levels (GMR 95%CI = 1.28, 1.04-1.59). Beer and draft beer are the
most consumed alcoholic beverage (nearly 60%) by Brazilian adults of
both genders, followed by wine (Laranjeira et al., 2010). Notably, al-
cohol consumption was positively associated with higher blood Cd
concentrations in the study of Park and Lee, 2013. In a multivariate
logistic regression analysis, alcohol consumption (OR = 4.31) was
found as independent predictor of higher blood Cd levels in Korean
adolescents (Ahn et al., 2017). On the other hand, Forte et al. (2011),
Bjermo et al. (2013) and Huang et al. (2013) reported that alcohol
intake did not influence blood Cd levels in the general population. In a
study addressing the influence of alcohol on Cd turnover in rats,
Brzoska et al. (2013) demonstrated that excessive alcohol consumption
combined with long-term moderate or relatively high exposure to Cd
resulted in lower body burden of Cd. Accordingly, it seems possible that
the body burden of Cd in individuals drinking alcohol may be lower
compared to nondrinking counterparts. Thus, drinking habits must be
taken into account as confounding factors in the monitoring of Cd ex-
posure (Brzoska et al., 2013).

3.2.4. Sex and age

Our study showed no significant differences between blood Cd le-
vels and age. Several studies have shown a positive association between
blood Cd levels and age, where older people had higher blood Cd
concentrations (Bjermo et al., 2013; Huang et al., 2013; Kira et al.,
2016; Krajcovicova-Kudladkova et al., 2006; Olsson et al., 2002;
Sakellari et al., 2016). These findings can be explained by the long
biological half-life of Cd in the body (Krajcovicova-Kudladkova et al.,
2006). Corroborating our results, a recent Brazilian study of an Ama-
zonian population reported that age did not affect blood Cd levels
(Naka et al., 2020). However, considering that Cd has a long half-life in
kidneys (Franceschini et al., 2017), urinary Cd may be a better bio-
marker for the relationship between age and accumulation, re-
presenting cumulative exposure and body-burden of this metal (Sun
et al., 2016).

We observed significantly higher blood Cd levels in males than in
females, but these differences were not achieved in the adjusted ana-
lysis. Men and women differ in the extent to which sources of exposure
are related to overall blood and urinary cadmium levels (Garner and
Levallois, 2017). Our sample showed significant differences in smoking
behaviors between males and females. Compared to males, we noted
greater number of females who never smoked, and vice versa, more
current and former smoking males compared to females. As previously
discussed, smoking was strongly associated with blood Cd levels both in
our study and those reported by others (Tellez-Plaza et al., 2010; Hecht
et al., 2013). Therefore, smoking habits should be considered as a po-
tential confounding variable when evaluating the relationship between
sex and blood Cd levels. Our findings are consistent with observations
in Brazil (Naka et al., 2020; Kira et al., 2016) China (Li et al., 2014) and
Finland (Abass et al., 2017). On the other hand, several studies have
shown higher blood Cd levels in females than in males (Garner and
Levallois, 2017), attributable to lower serum ferritin levels and an as-
sociated increase in gastrointestinal Cd uptake (Berglund et al., 1994;
Bjermo et al., 2013; Ghoochani et al., 2019; Kippler et al., 2007;
Madeddu et al., 2011; Meltzer et al., 2010; Olsson et al., 2002).
Sakellari et al. (2016), and Nisse et al. (2017) found no differences in
blood Cd levels between the sexes.

3.2.5. Blood pressure

Previous epidemiological studies have evaluated the association
between Cd and blood pressure. However, conflicting results have been
reported on the effect of Cd on blood pressure and its role in hy-
pertension (Afridi et al., 2010; Ahn et al., 2017a, Chen et al., 2013;
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Franceschini et al., 2017; Satarug and Moore, 2004; Tellez-Plaza et al.,
2008; Vallee et al., 2020). Our study demonstrated a significant dif-
ference in blood Cd concentration between participants with higher
diastolic and normal diastolic blood pressure. However, we did not
confirm it in the adjusted analysis. Furthermore, we failed to find a
difference in blood Cd levels in participants with high systolic blood
pressure and hypertension, compared to those with normal systolic
blood pressure and normotensive subjects. Our criteria for hypertension
was elevated blood pressure (systolic and/or diastolic) and/or use of
antihypertensive medication. Other epidemiological studies have also
corroborated the lack of association between Cd exposure and increased
blood pressure or risk for hypertension (Ahn et al., 2017; Mordukhovich
et al., 2012; Schutte et al., 2008). In contrast, Tellez-Plaza et al. (2008)
reported a positive association between Cd blood levels and diastolic
blood pressure. Studies in a Korean population (data from 2005 derived
from the Korean National Health and Nutrition Examination Survey -
KNHANES) showed a positive association between blood Cd levels with
both blood pressure and risk of hypertension (Eum et al., 2008; Lee
et al.,, 2011) The same findings were reported in Chinese population
(Chen et al., 2013; Liu et al., 2018) and in Canadian adults (Garner and
Levallois, 2017). In participants with metabolic syndrome, significant
differences in blood Cd levels were noted in individuals with elevated
systolic and diastolic blood pressure compared to normotensive subjects
in the KNHANES study, from 2008 to 2012 (Lee and Kim, 2016). Other
cardiovascular diseases have been associated with Cd exposure, in ad-
dition to blood pressure and hypertension. A meta-analysis review
showed that in cross-sectional studies high blood Cd levels were asso-
ciated with coronary heart disease prevalence, higher stroke risk and
higher peripheral artery disease risk (Tinkov et al., 2018).

4. Study strengths and limitations

Some positive points to be highlighted in our study are the census
based enrollment and the spatial analysis used for recruitment of the
participants. We also included the measurement of multiple anthropo-
metric and socioeconomic characteristics and the standardization of
blood pressure measurements (=3 readings) according to the Brazilian
Guidelines, performed by trained researchers. Furthermore, an ad-
vantage was the precise and accurate analytical method used with ex-
tensive use of reference materials and participation in Interlaboratory
Quality Control Programs.

The present study had some limitations. Analogous to many pre-
vious reports, our results were based on cross-sectional analysis,
therefore, we did not determine temporal relationships or establish
causality of the reported associations. Another possible limitation is the
lack of urinary Cd, a biomarker of lifetime exposure to Cd, that could be
useful in evaluating Cd exposure in tandem with blood Cd levels. In
addition, we did not collect complete dietary intake data from the
studied population; therefore, we cannot specifically comment on the
contribution of rice-derived Cd (and other potential sources) to blood
Cd levels.

5. Conclusions

Our findings in an urban population in Southern Brazil establish
that both smoking and ethanol drinking were associated with higher
blood Cd concentrations. In addition, blood Cd levels were elevated
with increased number of daily smoked cigarettes. Increased milk in-
take and higher diastolic blood pressure were associated with blood Cd
concentrations only in a univariate analysis, but could not be confirmed
in the adjusted model. Before adjustments, higher blood Cd levels were
found in males vs. females, likely reflecting a higher number of male
smokers. Our results shed novel information on variables associated
with blood Cd levels in an urban Brazilian population, and should en-
courage additional research on the relationship between environmental
exposure to Cd and its health risks, both in Brazil and globally.
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