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Abstract
The increase in the prevalence of metabolic disorders globally is becoming a public health concern. Previous studies have
reported an association between environmental exposures to hazardous substances, including various heavy metals, and the risk
for metabolic syndrome. However, reports on the contributions of cadmium (Cd) to the risk for obesity and diabetes remain
inconsistent. This study aims to investigate an association between serum Cd levels (SCL) and diabesity and dyslipidemia risk
scores. A total of 140 subjects were identified from a public academic institution in Lebanon. Socio-demographic information,
diabesity, and obesity risk scores were determined using an interview-based adapted FINDRISC questionnaire and analysis of an
acquired blood sample. SCL was quantified using inductively coupled plasma mass spectrometry (ICP-MS). The statistical
analysis relied on a chi-squared test and multivariate logistic regression models, along with checks for confounders and effect
modifiers. Our results showed a Cd geometric mean of 4.04 μg/L (± 2.5). High SCL was significantly associated with higher
dyslipidemia risk (OR: 3.05 [95% CI: 1.19–7.86], P = 0.02), even after adjusting for confounders. However, SCL did not show a
statistically significant association with diabetes and obesity outcomes. Elevated SCL increases the risk of dyslipidemia and alters
the blood lipid profile. In addition, our findings do not support a role for Cd in diabesity.
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Introduction

Obesity is characterized by an increase in adipose tissue mass
and adipocyte dysfunction [1] and is mainly associated with
increased oxidative stress [2], endoplasmic reticulum stress
[3], production of pro-inflammatory adipokines [4–6], and
insulin resistance [7]. In addition, alterations in lipid metabo-
lism are highly prevalent in obese subjects. About two thirds
of patients with obesity are found to be dyslipidemic [8]. Lipid
abnormalities in obese patients include elevated serum triglyc-
eride and VLDL levels, non-HDL cholesterol levels, and apo-
lipoprotein B [9]. On the other hand, type II diabetes mellitus
(T2DM), accounting for 90% of all diabetics, is characterized
by hyperglycemia caused by either low insulin levels or insu-
lin resistance [10]. The interaction between T2DM and obesi-
ty is what is known as diabesity, a commonmetabolic disorder
[11, 12]. In diabesity patients, both diabetes and obesity are
connected by various pathophysiological mechanisms revolv-
ing around insulin disorders [13].

Several studies have reported an association between envi-
ronmental exposures to hazardous substances and diabesity
[14–18]. Various heavy metals and metalloids are reported
to play a role in metabolic syndromes pathophysiology [18].
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For instance, arsenic exposure was positively associated with
fasting glucose levels in 1047 subjects selected from
American Indian communities [19]. In addition to arsenic,
exposure to cadmium and lead were associated with higher
blood pressure [20–22]. Furthermore, studies proposed evi-
dence of a gene-environment interaction that may be underly-
ing the development of these metabolic syndromes [23].

Of particular interest is Cadmium (Cd), a naturally occur-
ring trace element and an anthropogenic pollutant arising from
fossil fuel combustion, improper solid waste disposal and
wastewater management, excessive use of phosphate fertil-
izers in agricultural settings, industrial effluents, and tobacco
smoking [24]. The public health concerns with Cd mainly
revolve around its persistence in the environment and high
bioaccumulation, and its toxic effects in humans [25]. Cd is
classified as an endocrine disruptor with toxic effects at rela-
tively low human exposure levels, and may lead to renal dam-
age and anemia, bone disease and disturbances in calcium
metabolism, and lung cancer [26].Moreover, human exposure
to Cd was reported as a potential risk factor for diabetes and
dyslipidemia [13, 27]. For instance, evidence suggest that
chronic Cd exposure impairs the function of insulin-
producing β-cells and may lead to T2DM [28]. However,
findings on the contribution of Cd in increasing the risk of
diabesity and dyslipidemia remain inconsistent.

Lebanon, an Eastern Mediterranean middle-income coun-
try, is characterized by heavy traffic, increased pollution asso-
ciated with improper waste management, abuse of fertilizers
and pesticides, fossil fuel power plants, and prevalent diesel-
based domestic generators. Previous studies showed mobile
forms of heavy metals, including Cd, polluting groundwater
[29]. Recently, a study revealed an unusually elevated Cd
health risk compared with global rates and reported multiple
polluting sources contributing to the observed Cd health risk
[30]. This study aims to investigate an association between
serum Cd level (SCL) and the risk of diabesity and dyslipid-
emia in a Lebanese population.

Materials and Methods

Study Population and Data Collection

The study followed a cross-sectional design. Participants al-
ready diagnosed with diabetes, subjects under 35 and pregnant
women were excluded from the study. A total of 461 partici-
pants were enrolled from faculty members and staff of a public
academic institution located in the capital city Beirut. Among
these 461 participants, 301 who did not provide blood samples
for biochemical analyses and 20 who had missing responses
on the questionnaires were excluded from the analysis. A total
sample of 140 adult subjects was eligible for analyses. An
Institutional Review Board approval was obtained from the

Lebanese University and the Ain Wazein Hospital in compli-
ance with the Helsinki Declaration; all participants provided a
written consent prior to enrollment. An adapted FINDRISC
questionnaire was administered by trained dietitians in native
Arabic, using a face-to-face interview fromNovember 2017 to
July 2018. A campaign was planned at a booth in each of the
faculties visited on campus to invite eligible people to actively
participate in the study and to complete the questionnaire.
Collected data included socio-demographic characteristics,
medical history, diet and exercise, smoking habits, and info
on self-reported indicators of diabetes: frequent urination, tin-
gling and numbness in legs and arms, and other indicators.

Obesity Indicators Assessment

In order to assess obesity, body weight, height, and waist
circumference were measured for each enrolled subject using
a balance and a tape meter on site. The waist circumference
was measured around the abdomen at the level of the umbili-
cus (belly button). The bodymass index (BMI) was computed
as the ratio of body weight (Kg) to the height squared (m2).

Blood Analysis for Dyslipidemia and Hyperglycemia

Systolic and diastolic blood pressure and heart rate were mea-
sured for all enrolled subjects by a trained nurse. In addition,
5 ml of venous blood samples were drawn after an overnight
fast in order to screen for dyslipidemia andmeasure the fasting
blood glucose levels. Then, subjects received 75 grams of
glucose and blood samples were withdrawn again after 2 h
in order to conduct the oral glucose tolerance test. Briefly,
collected blood samples were centrifuged, then 0.5 ml was
used for the automated biochemical analysis using Cobas
C111 machine (Roche Diagnostics, Indianapolis). The re-
maining volumewas then stored at −20 °C until metal analysis
was performed.

Serum Cd Levels (SCL) Digestion and Quantification

For each collected sample, 0.5 mL of serum blood was mixed
with 2 mL of nitric acid (65%, v/v) and 1 mL of hydrogen
peroxide (30%, v/v). Samples were then heated at 90 °C on a
hot plate for 2 h duration and concentrated by volume reduc-
tion to reach 1 ml. Charring of the samples was avoided in
order to minimize the possibility of analytic loss.
Mineralization was considered complete when the cooled so-
lution was colorless or slightly pale yellow. After cooling, the
flasks were rinsed with deionized water to reach a 3 ml final
volume. Inductively coupled plasmamass spectrometric (ICP-
MS) was then used to quantify Cd levels on an Agilent 7500c
ICP-MS (Santa Clara, CA, USA) with a Cetac Auto-sampler
and an Octapole Reaction System (ORS). The ORS was pres-
surized with helium in collision mode for the determination of
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Cd. Isotopes and integration time per point used for the opti-
mization experiment for cadmium was m/z = 111 a.m.u and
0.1 s/point.

Quality Assurance and Quality Control (QA/QC)

All solutions were prepared using deionized water. All the
laboratory ware (transfer pipettes, centrifuge tubes, plastic
bottles, vials and glassware material) was cleaned prior to
use by soaking in HNO3 (1%) reagent grade (AnalaR
NORMAPUR®) for at least 1 h and rinsing one time with
deionized water. The auto sampler was washed and purged
prior to running blanks in order to avoid cross contamination.
A blank was run for every batch of samples. Blank solutions
were prepared with 2-ml nitric acid and 1-ml hydrogen perox-
ide. About 10% of the samples in addition to blank solutions
were spiked with 2 ppb (0.6 μl) Cd from a standard solution
(multi-element solution 1, Absolute Standards Inc.,
Connecticut) in order to validate the method and determine
Cd percent recovery. All plastics used for analysis were rinsed
twice with distilled water prior to usage. Measurements were
conducted triplicates per sample for quality control, and the
average Cd concentration was reported. All instrumental pa-
rameters were optimized daily while aspirating the tuning
solution.

Statistical Analysis

Data was analyzed using the Statistical Package for Social
Sciences (version 23.0; SPSS, Chicago, IL, USA). All contin-
uous variables were presented as mean (M), and 95% confi-
dence interval, while categorical variables were presented as
frequencies and percentages. Tested independent variables in-
cluded serum cadmium, age, gender, smoking status, family
history of diabetes, waist circumference, history of high blood
sugar, physical activity, vegetable consumption, and anti-
hypertensive medication. Outcome variables included diabe-
tes, obesity/overweight, and dyslipidemia. A subject was con-
sidered as “diabetic” following the diagnostic criteria recom-
mended by the American Diabetes Association, when having
a fasting blood glucose levels ≥ 5.6 mmol/L or an oral glucose
tolerance test (OGTT) ≥ 7.8 mmol/L or both [31]. Thus, ac-
cording to this criterion, not only persons with diabetes but
also persons with prediabetes were included in this group. A
subject was considered as “normal” or “overweight” or obese
when BMI measures were found to be < 25, between 25 and
29.9, and ≥ 30 kg/m2, respectively [32]. Dyslipidemia was
defined as having one or more of the following indicators:
total cholesterol (TC) ≥ 6.22 mmol/L (≥ 240 mg/dL), triglyc-
erides (TG) ≥ 1.70 mmol/L (≥ 150 mg/dL), LDL cholesterol ≥
4.14 mmol/L (≥ 160 mg/dL), and/or HDL cholesterol < 1.04
mmol/L (< 40 mg/dL) [33]. For obesity, a subject was classi-
fied as follows: underweight (< 18.5 kg/m2), normal (18.5–

24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obese (≥ 30.0
kg/m2) [34]. In addition, waist circumference was labeled as
“normal” if < 102 cm for men and < 88 cm for women [34].
On the other hand, SCL were classified into two categories,
“low” (≤ 5 μg/L) and “high” (> 5 μg/L) [35]. A subject was
labeled as a “current smoker” if he had smoked at least 100
cigarettes in his lifetime and is still smoking cigarettes at the
time of data collection. Student’s t test and ANOVA (for para-
metric test), or Mann- Whitney U and Kruskal-Wallis tests
(for nonparametric test), were applied to compare continuous
data in various groups. Logistic regression models were used
to investigate the association between SCL diabetes, obesity/
overweight and dyslipidemia. Models were performed for the
overall population and then stratified by age, smoking status,
gender, BMI, smokers, family history of diabetes, blood sugar
history, physical activity, vegetable consumption, and anti-
hypertensive medication categories. Odds ratios, p values,
and 95% confidence intervals were computed; a p value <
0.05 was considered statistically significant. The final multi-
variate model incorporated exposures and confounding vari-
ables that showed significance in the bivariate models.

Results

Characteristics of Study Population and their
Association with SCL

This study included 140 adults aged 35 or older; their socio-
demographic characteristics are presented in Table 1. The
study group had a mean age of 47.3 years, a mean BMI of
27.28 kg/m2, a mean waist circumference of 97.23 cm, and a
geometric mean serum cadmium level of 4.04 μg/L.
Moreover, 51.4% of the study population was non-smokers.
In addition, the prevalence of diabetes, overweight/obesity,
and dyslipidemia were 36.4, 66.4, and 84.3%, respectively.

Bivariate Analysis for SCL in Diabesity and
Dyslipidemia

When testing for the association between diabetes and SCL,
no significant association between the two variables was ob-
served (OR: 0.854 [95% CI: 0.425–1.718], p = 0.66) (Fig. 1).
In addition, in all-stratified models, no associations were
found between diabetes and SCLs (Fig. 1). Similarly, SCL
was not found to be significantly associated with obesity and
so did the different risk factors and confounders tested (OR:
0.860 [95% CI: 0.425–1.718], p = 0.66) (Fig. 2). However,
elevated SCL were significantly associated with a higher dys-
lipidemia risk (Fig. 3). The odds of dyslipidemia were found
to be three times higher for subjects with high SCL (> 5 μg/L)
compared with those with low SCL (≤ 5 μg/L) (OR: 3.05
[95% CI: 1.19–7.86], p = 0.02). In age-stratified models, the
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risk of dyslipidemia was significantly 6 times higher for sub-
jects with high SCL compared with subjects with low SCL
among patients aged between 41 and 60 years (OR: 5.98 [95%
CI: 1.15-–31.14], p = 0.03). Similarly, in tobacco-stratified
models, the risk of dyslipidemia was 7.7 times higher for
subjects with high SCL compared with those with low SCL
among those who are current smokers (OR: 7.67 [95% CI:
1.35–43.7], p = 0.02). Among those that do physical activity,
those that have high SCL have higher risk of dyslipidemia
compared with those that have low SCL (OR: 5.13[95% CI:
1.43-18.37], p = 0.01). In anti-hypertensive medication strat-
ified models, the risk of dyslipidemia was 3.5 times higher for
subjects with high SCL compared with subjects with low SCL
among patients not taking anti-hypertensive medications (OR:
3.5 [95% CI: 1.11–10.92], p = 0.03).

Multivariate logistic Regression Analysis

When testing the association between SCL and dyslipidemia,
the risk of dyslipidemia remained significantly higher for pa-
tients with high SCL compared with those with low SCL,
even after adjusting for age, smoking status, physical activity,
and anti-hypertension medication (OR: 3.14 [95% CI: 1.19–
8.28], p = 0.02) (Table 2).

Discussion

Cd is a widespread environmental and occupational pollutant
that accumulates in the human body with a biological half-life
of 20–30 years and may cause a number of diseases [36]. Our
results show a higher SCL geometric mean (4.04 μg/L) com-
pared with reported levels in other populations, including
middle-aged and elderly Caucasians (0.49 μg/L) [37], adult

Table 1 Socio-demographic characteristics of the study population (N
= 140)

Characteristic N (%) Mean (± SD)

Age 47.3 yrs. (± 9.4)
35–40 years 45 (32.1%)

41–60 years 74 (52.9%)

> 60 years 21 (15%)

Gender -
Males 84 (60%)

Females 56 (40%)

Marital status -
Married 120 (85.7%)

Single 20 (14.3%)

Smoking status -
Non-smoker 72 (51.4%)

Current smoker 68 (43.6%)

BMI (Kg/m2) 27.28 (± 4.7)
Normal 47 (33.6%)

Overweight and obese 93 (66.4%)

Waist circumference 97.23 (± 12.9)
Normal 73 (52.1%)

Abnormal 67 (47.9%)

Family history of diabetes -
Yes 81 (57.9%)

No 59 (42.1%)

History of high blood sugar -
Yes 17 (12.1%)

No 123 (87.9%)

Anti-hypertensive medication -
Yes 21 (15%)

No 119 (85%)

Vegetable consumption -
Yes 79 (56.4%)

No 61 (43.6%)

Physical activity -
Yes 65 (46.4%)

No 75 (53.6%)

SCL (4.04 μg/L (± 2.5))
Low (< 5 μg/L) 57 (40.7%)

High (>5 μg/L) 83 (59.3%)

Blood glucose profile

FBG 5.8 mmol/l (± 2.5)
(< 5.6 mmol/L) 94 (67%)

(> 5.6 mmol/L) 46 (33%)

OGTT 6.8 mmol/l (± 4.6)
(< 7.8 mmol/L) 113 (81%)

(> 7.8 mmol/L) 27 (19%)

Non-diabetic 89 (63.6%)

Diabetic 51 (36.4%)

Lipid profile

Total cholesterol (TC) 10.4 mmol/l (± 2.4)
Normal 92 (65.7%)

High 48 (34.3%)

Triglyceride (TG) 7.6 mmol/l (± 4.4)

Table 1 (continued)

Characteristic N (%) Mean (± SD)

Normal 91 (65.0%)

High 49 (35.0%)

LDL-C 6.3 mmol/l (± 2.2)
Normal 56 (41.2%)

High 80 (58.8%)

HDL-C 2.6 mmol/l (± 0.7)
Low 50 (35.7%)

Normal 90 (64.3%)

Dyslipidemic 118 (84.3%) -

Non-dyslipidemic 22 (15.7%)

a p value < 0.05 indicates the significant different in SCLs between the
groups of each variable. Student’s t test and ANOVA (for parametric
test), or Mann- Whitney U and Kruskal-Wallis tests (for nonparametric
test), were applied to compare SCLs in various groups
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French smokers (0.86 μg/L) [38], and Korean e-cigarette
smokers (0.91 μg/L) [39]. In addition, our studied population
showed higher SCL than those reported in a group of Chinese
smeltingworkers with relatively higher occupational exposure
to Cd (3.61 μg/L) [33].

Our findings also suggest that subjects with elevated SCL
have an almost threefold higher dyslipidemia risk. These re-
sults are consistent with other studies in the literature [33, 40].
For instance, a study on a group of about 1500 Chinese
workers from seven Cd smelting factories in China showed
that workers with elevated SCL were more prevalent among

dyslipidemics compared to non-dyslipidemics (OR:1.83, 95%
CI 1.32–2.28) [33]. In addition, the prevalence of dyslipid-
emia followed a dose-response relationship, increasing with
elevations in SCL [33]. On the other hand, our results are
supported by bioassays in experimental animals. In one study,
the exposure of zebrafish to CdCl2 caused a remarkable hy-
perlipidemia and fatty liver changes, via enhancement of
cholesteryl ester transfer protein (CETP) activity [41].
Dyslipidemia is known to be a major independent risk factor
for cardiovascular diseases. Although there is a scarcity in
studies linking SCL and dyslipidemia, evidence does support

Fig. 1 Logistic regression analysis examining the association between diabetes and SCL and odds ratios with 95% confidence intervals, while adjusting
for age, gender, smoking status, family history of diabetes, history of hyperglycemia, physical activity, vegetable consumption, and BMI

Fig. 2 Logistic regression analysis examining the association between obesity and SCL and odds ratios with 95% confidence intervals while adjusting
for physical activity, vegetable consumption, and smoking status
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an association between SCL and cardiovascular diseases, a
possible outcome of dyslipidemia [42]. Elevated cardiovascu-
lar disease incidence was found to be associated with Cd ex-
posure in several populations, including Native Americans,
Europeans, and US populations [43–45]. Cd is also thought
to have a diabesigenic effect and may induce hyperglycemia
[46, 47]. In vivo studies show that rats exposed to Cd show a
reduction in serum insulin levels and a direct Cd-induced
damage on insulin-producing cells [28, 35]. Epidemiological
studies are also in support of this hypothesis. For instance,
each 0.1 μg/L incremental increase in the SCL was found to
be associated with a 0.0032 g/L significant increase in blood
sugar among French Caucasian smokers [38]. However, in
our study, no statistically significant relationships were found
between SCL and each of Type II Diabetes (T2DM) and obe-
sity in consistence with similar other studies in the literature
[46]. T2DM is a multifactorial disease with modifiable factors
such as increased body weight and waist circumference, and
other non-modifiable predisposing factors such as genetics
and age [48]. These factors may be influencing the examined
association with SCL. This is supported by our findings on the

association with first degree family history. On the other hand,
although many studies found that smoking increases the risk
of diabetes [49, 50], likewise in a recent study using a bio-
marker of diabetes (HbA1c), an association was found be-
tween diabetes and smoking status since HbA1c levels were
higher in current smokers than in former smokers (by 0.14
percentage points) and in never smokers (by 0.18 percentage
points) [38]. These results were not in agreement with our
results, since no significant correlation was found between
smoking and diabetes in our study population.

Metabolic syndromes are complex conditions with signifi-
cant variability among their associated symptoms across eth-
nicities, developmental stages, and gender, making it chal-
lenging to examine in epidemiological studies, particularly
when attempting to identify underlying exposures. The under-
lying pathogenic mechanism of metabolic alterations induced
by Cd exposure is not fully understood yet. Our study
attempted to focus on three interrelated metabolic disorders.
One of the main mechanisms by which Cd exerts its toxic
action is oxidative stress, indirectly leading to accumulation
of reactive oxygen species (ROS) and free radicals, mainly by

Fig. 3 Logistic regression analysis examining the association between
dyslipidemia and SCL and odds ratios with 95% confidence intervals
while adjusting for age, gender, smoking status, physical activity,

vegetable consumption, BMI score, and anti-hypertensive medication.
Statistically significant tests are indicated (*p value < 0.05).

Table 2 Multivariate logistic
regression of dyslipidemia and
SCL

Variables OR 95% C.I. for OR p valuea

SCL (high vs. low(ref.)) 3.14 1.19–8.28 0.021

Age (41–60 vs. 30–40 (ref)) 1.29 0.42–3.96 0.655

Smoking status (current smoker vs. non-smoker (ref)) 1.87 0.66–5.28 0.238

Physical activity (yes vs. no (ref)) 0.71 0.26–1.93 0.500

Anti-hypertensive medication (no vs. yes (ref).) 3.61 1.21–10.77 0.02

*Significant at p < 0.05
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weakening enzymatic and non-enzymatic antioxidative path-
ways [51]. Cd-induced alterations in lipid metabolism in the
liver is mediated by increased oxidative stress and generation
of ROS [52]. Cd has high affinity to sulfhydryl groups and,
hence, may deplete cellular antioxidants such as glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (Gpx) in soft tissues [53].
Interestingly, a study showed that the co-administration of
virgin coconut oil polyphenol—a known antioxidant—
restores lipid profile and cardiovascular risk ratios in rats ex-
posed to Cd and stabilizes antioxidant defense systems to
levels comparable to control groups, particularly at the level
of the hepatic activities of SOD, CAT, and GSH [54]. In
addition, many inflammatory biomarkers, released in response
to Cd exposure, were detected in various diseases, with some
associated with dyslipidemia such as atherosclerosis and car-
diovascular diseases [51]. On the other hand, evidence on the
endocrine disruptive ability of Cd is accumulating. In a recent
study, men exposed to Cd showed a significant decrease in
testosterone levels and in the sex hormone binding globulin,
hence adversely affecting the male reproductive function [55].
Cd is also genotoxic, mainly in its capacity to damage DNA
and inhibit DNA repair enzymes, as well in influencing gene
expression through epigenetic mechanisms [51, 56].

Several limitations could have affected our findings. First,
the sample is relatively small and is not representative of the
general population. Future studies should target a larger and a
more representative population to conduct the analysis.
Second, collected data is based on self-reporting; hence a re-
call bias cannot be excluded. We tried to overcome this limi-
tation by selecting a short recall period for self-reported infor-
mation, combinedwith biomarkers and medical testing for our
main exposures and outcomes of interest. In addition, Cd was
measured in blood, rather than urine, which could be
reflecting a recent or continuous exposure, rather than a chron-
ic exposure [57]. However, given the very long half-life of Cd
in the kidneys, urine Cd concentrations would have also
reflected stored Cd in the kidneys, rather than a repeated
exposure.

Conclusion

In summary, our findings highlight an association between
SCL and dyslipidemia. Mechanistic studies need to be con-
ducted to further examine this finding. On the other hand, our
study is the first report assessing the association between SCL
and diabesity in a Lebanese population. Our results indicate
that SCL is highly elevated in the target population compared
to other populations and ethnic groups. Unlike other studies
where high SCL was reported in groups with rather an occu-
pational exposure, our study conducted in subjects selected
from the general population gains particular value, in

identifying adverse outcomes associated with Cd based on
an environmental exposure. Our data do provide decision-
makers with reliable guidance in order to mitigate pollution
and contamination levels and develop appropriate manage-
ment programs and policies at the national level, particularly
aiming to reduce Cd exposure.
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