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Abstract
As cadmium levels are increasing in the environment, the adverse effects of cadmium exposure specifically associated with
chronic diseases are receiving increasing attention. Several population–based studies have been conducted on the association
between cadmium and diabetes mellitus (DM) but have reported controversial results. Here, we aimed to evaluate the
association between cadmium exposure and DM. In this meta-analysis, a random effects model was used because there was
evidence of heterogeneity among studies. A dose-response relationship was assessed through a restricted cubic spline model
with three knots. The results showed a positive association between cadmium levels in the body and DM (OR = 1.27; 95%
CI, 1.07–1.52). The cadmium levels in the body were defined on the basis of combined urinary and blood cadmium.
Subgroup analysis further indicated a positive association between urinary cadmium levels and DM (OR = 1.31; 95% CI,
1.02–1.69). The dose-response analysis results showed a positive association between levels of urinary cadmium above
2.43 μg/g creatinine and DM, and the risk of DM increased by 16% for each l μg/g creatinine increase in urinary cadmium
levels. The results from our meta-analysis indicate that cadmium levels in the body are positively associated with DM, and
urinary cadmium levels above 2.43 μg/g creatinine are associated with an increased risk of DM.
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Introduction

Diabetic mellitus (DM) is a world-wide health concern with
increasing morbidity and mortality rates. DM is a chronic
metabolic disease caused by genetic and environmental fac-
tors, and its main pathophysiology is related to a lack of insu-
lin and insulin resistance. Impaired insulin secretion not only

is a hallmark of type 1 diabetes mellitus but also is involved in
the development of type 2 diabetes mellitus (T2DM).
Pancreatic β-cell dysfunction is the main reason for the de-
crease in insulin secretion. The precise regulation of β-cell
function plays an important role in maintaining the balance
of blood glucose (Mazur et al. 2013). Therefore, the cause of
the pancreatic β-cell dysfunction warrants clarification. In ad-
dition to genetic factors, environmental and dietary factors
play very important roles in the development of DM
(Longnecker and Daniels 2001; Wajchenberg 2007).
Exploring the environmental and dietary factors contributing
to the reduced function of insulin-producing β cells is there-
fore crucial.

In industrialized countries, the concentration of cad-
mium in the environment has increased since the twen-
tieth century (Jin et al. 2002). In addition to occupation-
al exposure, smoking is the primary route of exposure
to cadmium; one cigarette contains 1.70–2.12 μg cad-
mium (Afridi et al. 2015a, b). Diet is another important
route through which cadmium enters the human body
(Satarug et al. 2010). Common foods such as spinach,
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sunflower seeds, lettuce, shredded wheat, and peanuts
contain cadmium at levels equal to or greater than the
amount in beef liver, an organ abundant in cadmium
(Edwards and Ackerman 2016). A safe intake limit of
7 μg cadmium/week/kg body weight has been proposed
by the Food and Agriculture Organization/World Health
Organization (WHO) Joint Expert Committee on Food
Additives. However, the Agency for Toxic Substances
and Disease Registry (ATSDR) has estimated that the
minimum risk level of human exposure to cadmium
through chronic oral ingestion is 0.1 μg/kg/day, a dose
likely to avoid appreciable risk of adverse non-cancer
health effects (Faroon et al. 2012). The WHO has rec-
ommended 5 μg/g creatinine in the urine as an occupa-
tional cadmium exposure biological threshold limit.
However, several studies have provided evidence that
cadmium affects diseases and health, such as cancer,
cardiovascular diseases, and diabetes, at exposure levels
(urinary cadmium levels of 0.5–2.0 μg/g creatinine)
lower than the threshold limit (Akesson et al. 2014).
These findings suggest that the current safe intake level
does not provide sufficient health protection and conse-
quently should be lowered. Therefore, the adverse effect
of low-dose cadmium should receive more attention.

The low doses of cadmium enter the body through
smoking and the diet affect the body’s glucose metabolism,
and may even increase the morbidity from diabetes. In the
past few years, research on this possibility has attracted
increasing attention. The data from the Third National
Health and Nutrition Examination Survey (NHNES III)
have demonstrated a dose-response relationship between
urinary cadmium levels and an increased risk of T2DM
(Schwartz et al. 2003). The risk estimate for diabetes was
1.45 when comparisons were made between urinary cad-
mium levels of < 1 μg/g creatinine and ≥ 2 μg/g creatinine.
A study conducted in Pakistan has shown that the average
blood cadmium concentrations for both nonsmoking men
and smokers with T2DM (4.3–7.1 g/L and 7.78–10.23 g/L)
are significantly higher than those of their respective con-
trol groups (3.13–5.31 g/L and 4.02–6.68 g/L) (Afridi et al.
2008), thus indicating an association between cadmium
and T2DM. Animal studies have shown that administration
of cadmium compounds (0.84 mg/kg) or oral cadmium
exposure in drinking water (32.5 ppm) to rats increases
blood glucose levels (Bell et al. 1990; Trevino et al.
2015). However, research from China has shown an insig-
nificant association between cadmium exposure and DM
(Feng et al. 2015). Moreover, a study from the USA has
shown that the association between cadmium levels and
DM is still controversial (Menke et al. 2016). Therefore,
we aimed to evaluate the association between cadmium
exposure and risk of DM morbidity by conducting a
meta-analysis to determine dose response.

Materials and methods

Search strategy and selection criteria

We performed a meta-analysis following a predetermined pro-
tocol in accordance with the MOOSE guidelines (Stroup et al.
2000). A systematic literature search was performed using the
database of PubMed, MEDLINE and the Cochrane Library up
to July 2018 for the cohort, cross-sectional, and case-control
studies. And the following search items were used: Bcadmium^
in combination with Bdiabetes mellitus^ with no restrictions.

The following inclusion criteria were used: (1) the cohort,
cross-sectional, and case-control studies were included; (2)
effect estimates with corresponding 95% confidence intervals
(CIs) (or sufficient information to calculate them) had to be
reported; (3) the study report cadmium level of body; (4) the
outcome of interest was diabetes. Only studies published in
English were considered.

Data extraction and quality assessment

Datawere extracted for the first author’s name, year of publication,
country or area of origin, number of participants, diagnosis criteria
of DM, assay method of urinary/blood cadmium, the potential
confounding variables in the adjustments, measurements of cad-
mium exposure, and effect estimates and their corresponding 95%
CIs. Data extraction was performed independently by two inves-
tigators. Discrepancies were resolved by discussion.

The methodological quality of the studies included was
assessed using an 11-item checklist which was recommended by
Agency for Healthcare Research and Quality (AHRQ) (Rostom
et al. 2004). An item would be scored B0^ if it was answered
BNO^ or BUNCLEAR^; if it was answered BYES,̂ then the item
scored B1.̂ Article quality was assessed as follows: low quality =
0–3; moderate quality = 4–7; high quality = 8–11 (Hu et al. 2015).

Statistical analysis

We combined odds ratio (OR) for the highest vs. lowest category
of urinary cadmium level from each study. Data were analyzed
using the Stata version 11.0 software (Stata Corporation, College
Station, TX). The possible heterogeneity across included studies
was assessed by the CochraneQ test and I2 statistic (Higgins and
Thompson 2002); P < 0.1 for theQ test or I2 > 50%was consid-
ered as significant heterogeneity. In the presence of significant
heterogeneity, a random effects model was used to calculate the
pooled effect size; otherwise, a fixed-effects model was applied
(DerSimonian and Laird 1986). We further performed meta-
regression analyses to explore the possible sources of heteroge-
neity. We also conducted a sensitivity analysis to explore the
impact of a single trial on the overall risk estimate by omitting
one study in each turn. Begg’s funnel plots and Egger’s
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regression test at the P < 0.10 were applied to assess the publi-
cation bias of this meta-analysis (Egger et al. 1997).

We performed a dose-response meta-analysis using the
method developed by Greenland and Orsini et al.
(Greenland and Longnecker 1992; Orsini et al. 2012). Only
studies that reported the number of cases and control subjects
and the OR and its variance estimate for at least 3 quantitative
exposure categories were included. For each study, the mean
or median level for each category of urine cadmium level was
assigned to each corresponding OR. If the data was not avail-
able, we assigned the midpoint of the upper and lower bound-
aries in each category as the average concentration. If the
lower or upper boundary of the category was open-ended,
the width of the interval was assumed to be the same ampli-
tude as the closest category. The restricted cubic spline was
used to model the urinary cadmium level at fixed knots (in-
cluding 10, 50, and 90% of the distribution). The P value for
non-linearity was calculated using a null hypothesis test that
the coefficient of the second spline was equal to zero.

Results

Search results

We initially retrieved 175 unique citations from the PubMed,
MEDLINE, and the Cochrane Library database. Of these, ma-
jority were excluded after the first screening based on ab-
stracts or titles, mainly because they were not observational
studies or relevant to our analysis. After full-text review of 43
articles, 11 studies were excluded because the effect estimates
were not reported or calculated, 4 studies were excluded

because urinary cadmium level was not reported, 11 studies
were excluded because the outcome of interest was not diabe-
tes, and 2 studies were excluded because they were meta-anal-
ysis. We further excluded 2 studies in which the association
was not evaluated. In total, 13 articles including 13 studies
(Barregard et al. 2013; Borne et al. 2014; Feng et al. 2015;
Haswell-Elkins et al. 2007; Li et al. 2017a, b; Liu et al. 2015;
Menke et al. 2016;Moon 2013; Nie et al. 2016; Schwartz et al.
2003; Son et al. 2015; Swaddiwudhipong et al. 2010b;
Tangvarasittichai et al. 2015) were selected for the final anal-
ysis. A flow diagram showing the selection process is present-
ed in Fig. 1. All of the selected articles were assessed for
methodological quality. The quality assessment showed the
quality scores ranged from 7 to 10 (Table 1).

Study characteristics

Table 1 described the characteristics of the 13 selected studies
(Barregard et al. 2013; Borne et al. 2014; Feng et al. 2015;
Haswell-Elkins et al. 2007; Li et al. 2017a, b; Liu et al. 2015;
Menke et al. 2016;Moon 2013; Nie et al. 2016; Schwartz et al.
2003; Son et al. 2015; Swaddiwudhipong et al. 2010b;
Tangvarasittichai et al. 2015). These studies were published
from 2003 to 2017, of which eight were conducted in Asia,
two in North America, two in Europe, and one in Australia.
There were 12 cross-sectional studies and one prospective
cohort study. One study was conducted in occupational
workers (Liu et al. 2015) and two in residents of abandoned
metal mine(Swaddiwudhipong et al. 2010b; Tangvarasittichai
et al. 2015), whereas others in residents of ordinary areas
(Barregard et al. 2013; Feng et al. 2015; Haswell-Elkins
et al. 2007; Li et al. 2017a, b; Menke et al. 2016; Moon

Fig. 1 Flow chart of literature
search and study selection
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2013; Nie et al. 2016; Schwartz et al. 2003; Son et al. 2015).
The number of participants ranged from 124 to 9447, with a
sum of 45,062. Three studies (Feng et al. 2015; Menke et al.
2016; Son et al. 2015) only selected person with type 2 dia-
betes, and the other ten studies (Barregard et al. 2013; Borne
et al. 2014; Haswell-Elkins et al. 2007; Li et al. 2017a, b; Liu
et al. 2015; Moon 2013; Nie et al. 2016; Schwartz et al. 2003;
Swaddiwudhipong et al. 2010b; Tangvarasittichai et al. 2015)
did not distinguish between type 1 and type 2 diabetes
mellitus. Eight studies examined cadmium in urine or blood
only, while the other five studies detect the contents of various
metals in urine or blood. Three assay techniques were used to
measure urinary and blood cadmium level.

Main analysis

Of the 13 trials, 5 showed a significant association between
the urinary or blood cadmium level and the risk of DM.
Because there was evidence of heterogeneity (P < 0.001,
I2 = 69.6%), we used a random effects model. The meta-

analysis results showed a positive association between cadmi-
um levels in the body and DM (OR = 1.27; 95% CI, 1.07–
1.52) (Fig. 2).

Subgroup and sensitivity analysis

We stratified the studies by cadmium exposure measurements.
The analysis, including nine studies, showed a positive asso-
ciation between urinary cadmium levels and DM (OR = 1.31;
95% CI, 1.02–1.69) (Fig. 3). Substantial heterogeneity was
observed (P = 0.001, I2 = 69.0%). No significant association
was found between blood cadmium levels and DM (OR =
1.29; 95% CI, 0.94–1.75), with four studies included in the
analysis (Fig. 3).

When we stratified the analysis by geographical region, the
overall results in Asia showed a positive association between
cadmium levels in the body and DM (OR = 1.28; 95% CI,
1.03–1.60). In studies conducted in America and Europe,
there was no significant association between body cadmium
levels and DM (Table 2). In studies conducted in Asia,

NOTE: Weights are from random effects analysis

Overall  (I−squared = 69.6%, p = 0.000)

Moon−2013

Barregard−2013

Liu−2015

Hasswell−Elkins−2006

Li−2017

Feng−2015

Swaddiwudhipong−2010

Tangvarasittichai−2015

Borne−2014

Son−2015
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Nie−2016

Menke−2016

ID

Study

1.27 (1.07, 1.52)
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%
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Weight

%

1.0367 1 27.3

Fig. 2 Forest plot of studies of the risk of DM for highest vs. lowest cadmium exposure level
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America, and Europe, no significant association was found
between cadmium levels in the body and DM (Table 3).

We next conducted sensitivity analyses to examine
the effect of a single trial on the overall risk estimate
and explore potential sources of heterogeneity by omit-
ting one trial at a time. Exclusion of any study did not

significant alter the overall combined odds ratio, and the
values ranged from 1.20 (95% CI, 1.02–1.44) and 1.35
(95% CI, 1.11–1.61). Exclusion of any of the studies
had little effect on heterogeneity. However, after exclu-
sion of three studies together (Haswell-Elkins et al.
2007; Li et al. 2017a, b; Tangvarasittichai et al. 2015),

NOTE: Weights are from random effects analysis

.

.
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Liu−2015
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Schwartz−2003

Son−2015
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Barregard,UCd−2013

Subtotal  (I−squared = 69.0%, p = 0.001)
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Li−2017

Borne−2014
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Fig. 3 Forest plot of urinary or blood cadmium exposure and risk of DM

Table 2 Results of subgroup analyses between cadmium level of body
and risk of DM

Group No. OR (95% CI) P heterogeneity I2 (%) P value

Total 12 1.27 (1.07, 1.52) < 0.001 69.6 0.007

Geographical region

Asia 7 1.28 (1.03, 1.60) 0.001 70.1 0.029

America 2 1.11 (0.63, 1.93) 0.024 80.4 0.726

Europe 2 1.18(0.90, 1.55) 0.345 0 0.226

Australia 1 7.22 (1.91, 27.29) NA NA NA

Table 3 Results of subgroup analyses between urinary cadmium level
and risk of DM

Group No. OR (95% CI) P heterogeneity I2 (%) P value

Total 9 1.31 (1.02, 1.69) 0.001 69.0 0.034

Geographical region

Asia 5 1.07 (0.96, 1.18) 0.024 64.4 0.095

America 2 1.11 (0.63, 1.93) 0.024 80.4 0.726

Europe 1 1.20(0.53, 2.74) NA NA NA

Australia 1 7.22 (1.91, 27.29) NA NA NA
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the heterogeneity was significantly decreased (P = 0.177,
I2 = 26.5%).

Dose-response relationship

To investigate the precise relationship between urinary cadmi-
um levels and the risk of DM, we performed a dose-response
analysis. Six studies with quantitative exposure categories
were included and used to evaluate the dose-response analysis
of the associations between urinary cadmium levels and the
risk of DM (Feng et al. 2015; Haswell-Elkins et al. 2007; Liu
et al. 2015; Schwartz et al. 2003; Son et al. 2015;
Swaddiwudhipong et al. 2010b). The characteristics of these
studies are described in Table 4. Using a restricted cubic spline
model, we observed significant linear association
(Pnonlinear = 0.2453). The linear model indicated that for every
l μg/g creatinine increase in urinary cadmium level, the risk of
DM increased by 16% (1.16, 95% CI 1.04, 1.27) (Fig. 4). The
analysis also indicated a positive association between urinary
cadmium levels above 2.43 μg/g creatinine and DM (Fig. 4).

Publication bias

We first conducted publication bias between cadmium level of
body and risk of DM. The results of Begg’s (P = 0.047) and

Egger’s (P = 0.021) tests indicated the evidence of publication
bias. After excluding the study which had smallest sample size
(Haswell-Elkins et al. 2007), no significant publication bias
found in Begg’s (P = 0.371) and Egger’s (P = 0.124) tests.
Funnel plots also showed no sign of publication bias.

We further conducted publication bias between urinary
cadmium level and risk of DM. There was evidence of publi-
cation bias with Begg’s (P = 0.076) and Egger’s (P = 0.057)
tests. By excluding the study which had smallest sample size
(Haswell-Elkins et al. 2007), Begg’s (P = 0. 266) and Egger’s
(P = 0. 130) tests showed no significant publication bias.
Funnel plots were also examined.

Discussion

A total of two meta-analysis (Li et al. 2017b; Wu et al. 2017)
on the risk of cadmium exposure and DM were published in
2017; the results prompted an increase in the attention paid to
the adverse effects of cadmium exposure on DM. A meta-
analysis (Wu et al. 2017) including seven studies (Barregard
et al. 2013; Haswell-Elkins et al. 2007; Liu et al. 2015; Menke
et al. 2016; Son et al. 2015; Swaddiwudhipong et al. 2010b;
Tangvarasittichai et al. 2015) has revealed that urinary cadmi-
um is not associated with increased DM risk. However,

Table 4 Characteristics of studies included in dose-response analysis

Author and year Case Sample size Gender Category of urinary cadmium
(μg/g creatinine)

Odds ratios
(95% CI)

Schwartz et al. (2003) 879 6055 M and F 0–0.99 1

269 1695 1.00–1.99 1.24(1.06, 1.45)

59 362 > 2 1.45(1.07, 1.97)

Haswell-Elkins et al. (2007) 6 71 M and F < 1 1

16 38 1–1.99 7.90(2.74, 22.64)

6 15 ≧ 2 7.22(1.91, 27.28)

Swaddiwudhipong et al. (2010a, b) 98 1758 M and F < 1.54 1

118 1757 1.54–3.32 1.220(0.925, 1.608)

132 1758 > 3.32 1.375(1.050, 1.802)

Liu et al. (2015) 28 519 M and F < 0.64 1

29 520 0.64–1.22 0.72(0.4, 1.31)

45 556 > 1.22 0.98(0.53, 1.81)

Son et al. (2015) 34 199 M ≤ 1 1

36 151 1.0–2.0 1.42(0.83, 2.45)

40 139 > 2.0 1.81(1.05, 3.12)

16 79 F ≤ 1 1

10 58 1.0–3.0 0.66(0.25, 1.73)

12 39 > 3.0 1.39(0.52, 3.72)

Schwartz et al. (2003) 879 6055 M and F 0–0.99 1

269 1695 1.00–1.99 1.24(1.06, 1.45)

59 362 > 2 1.45(1.07, 1.97)
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another meta-analysis (Li et al. 2017b), including seven stud-
ies (Feng et al. 2015; Liu et al. 2015; Menke et al. 2016;
Schwartz et al. 2003; Son et al. 2015; Swaddiwudhipong
et al. 2010a; Swaddiwudhipong et al. 2010b), has found a
positive association between urinary cadmium concentrations
and the risk of DM. Our meta-analysis including nine studies
revealed a positive association between urinary cadmium lev-
el and DM (Barregard et al. 2013; Feng et al. 2015; Haswell-
Elkins et al. 2007; Liu et al. 2015; Menke et al. 2016;
Schwartz et al. 2003; Son et al. 2015; Swaddiwudhipong
et al. 2010b; Tangvarasittichai et al. 2015). In a study by Li
(Li et al. 2017b), a dose-response analysis including four stud-
ies (Feng et al. 2015; Liu et al. 2015; Schwartz et al. 2003; Son
et al. 2015) has indicated that each l μg/g creatinine increase in
urinary cadmium levels is associated with a 16% increased
risk of DM. Our dose-response analysis involving six studies
(Feng et al. 2015; Haswell-Elkins et al. 2007; Liu et al. 2015;
Schwartz et al. 2003; Son et al. 2015; Swaddiwudhipong et al.
2010b) detected a positive association between levels of uri-
nary cadmium above 2.43μg/g creatinine and DM—levels far
below the WHO standard of 5 μg/g creatinine. Another dif-
ference between this study and the previous studies was that
we combined urinary and blood cadmium to assess the asso-
ciation between cadmium levels in the body and DM. The
meta-analysis involving 13 studies indicated a positive asso-
ciation between cadmium levels in the body and DM.

Urinary cadmium is generally accepted to indicate renal in-
jury from long-term exposure, especially at relatively low ex-
posure levels, whereas blood cadmium levels are primarily in-
dicative of recent exposure. Thus, urinary cadmium may be an
appropriate indicator of long-term low-dose cadmium exposure
in humans. Our dose-response analysis detected a positive as-
sociation between levels of urinary cadmium above 2.43 μg/g
creatinine and DM. In addition, studies have shown that urinary

cadmium levels below the threshold limit may still cause health
problems. Numerous studies have suggested that urinary cad-
mium levels of < 1 μg/g creatinine are associated with tubular
and glomerular impairment (Akesson et al. 2006; Akesson et al.
2005). A study from Japan has shown that bone density is
negatively correlated with urinary cadmium (mean, 2.9 μg/g
creatinine) (Honda et al. 2003). The available information indi-
cates that urinary cadmium levels as low as 0.5–2 μg/g creati-
nine are associated with bone effects (Akesson et al. 2014).
These findings indicate that attention should be paid to the
effects of low-dose cadmium exposure on DM.

The mechanism underlying the relationship between body
cadmium levels and DM is not fully understood. Cadmium-
induced pancreatic β-cell dysfunction may be a possible mech-
anism leading to DM.Wong’s study has reported the content of
cadmium in an initial sample set of native human islets of
Langerhans (Wong et al. 2017). Muayed’s study has also
shown that cadmium accumulates in pancreatic β cells, and
chronic low-level cadmium exposure impairs the function of
insulin-producingβ cells (El Muayed et al. 2012). The possible
mechanisms through which cadmium induces pancreaticβ-cell
dysfunction may involve cadmium’s effects on energy metab-
olism, oxidative stress, calcium channel function, and cell-cell
adhesion (Edwards and Ackerman 2016). We believe that the
mechanisms involved in oxidative stress must be emphasized.
A study of the effects of low doses of arsenic on pancreatic β-
cell function may enable understanding of the mechanism
through which cadmium affects pancreatic β-cell function
through antioxidants (Fu et al. 2010). The results of that study
indicate that low levels of arsenic provoke a cellular adaptive
oxidative stress response that increases intracellular glutathione
(GSH) and H2O2-scavenging activity, dampens ROS signaling
involved in glucose-stimulated insulin secretion, and thus dis-
turbs β-cell function. Cadmium is likely to play the same role

Fig. 4 Association between
urinary cadmium level and risk of
DM, dose-response analysis
(Odds ratios of DM according to
the urinary cadmium concentra-
tions (n = 23,881). Odds ratios
(ORs) and 95% confidence inter-
vals (95%CI) are derived from
restricted cubic spline regression,
with knots placed at the 10th,
50th, and 90th percentiles of the
distribution of urine cadmium.
The solid line and the long dash
line represent the estimated odds
ratio and their 95% CIs
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as the arsenic. One study from the El Muayed lab has shown
that low concentrations of CdCl2 do not alter the ROS levels in
dispersed primary mouse islet cells but decrease the ratio of
oxidized glutathione (GSSG) to glutathione (GSH), thus indi-
cating an upregulation of cellular protective mechanisms (El
Muayed et al. 2012). The cellular protective mechanisms in-
duced by low concentrations of cadmium may play an impor-
tant role in the process of pancreatic β-cell dysfunction.
Therefore, more studies are needed to investigate the mecha-
nism underlying the effects of prolonged exposure to low con-
centrations of cadmium on pancreatic β-cell function.

In addition, cadmium-induced insulin resistance may be an-
other possible mechanism leading to DM. Studies in rodents
exposed to cadmium have shown a decrease in the expression
of GLUT4, a major transporter of glucose uptake in muscle
cells, thus indicating that cadmium exposure increases insulin
resistance (Han et al. 2003). Another study on rats exposed to
cadmium through drinking water has shown that cadmium in-
creases insulin resistance in the liver, adipose tissue, and car-
diovascular system (Trevino et al. 2015). However, cadmium
exposure has not been found to significantly alter insulin resis-
tance in population-based studies (Menke et al. 2016; Moon
2013). Therefore, further studies are needed to clarify the rela-
tionship between cadmium and insulin resistance.

This meta-analysis was limited by considerable moderate
heterogeneity across studies. Our sensitivity analyses sug-
gested that three studies (Haswell-Elkins et al. 2007; Li et al.
2017a, b; Tangvarasittichai et al. 2015) were the main sources
of heterogeneity. The difference between the three studies and
the others was that their sample size was very small, with
numbers of participants ranging from 124 to 551. In addition,
the study that included 124 people (Haswell-Elkins et al.
2007) did not adjust for confounding factors.

There are additional limitations in this meta-analysis. First,
the category of urinary cadmium levels was converted into a
midpoint in the dose-response analysis. The calculation for a
skewed distribution virtually decreased the precision. Second,
four studies were not designed to measure cadmium exposure
as the only outcome. Third, significant publication bias was
found in this meta-analysis, owing to a study with a sample
size of only 124 people (Haswell-Elkins et al. 2007).
Therefore, the study with a small sample size was the main
source of publication bias. Finally, it is important to emphasize
that most of the studies included in this meta-analysis were
cross-sectional studies, in which exposure and disease were
measured simultaneously. Therefore, the results herein should
be considered with caution, given the above limitations.

Conclusion

In summary, the results from our meta-analysis indicate a pos-
itive association between level of urinary cadmium above

2.43 μg/g creatinine and DM. In addition, further studies are
needed to elucidate the mechanism of pancreatic beta cell
dysfunction induced by cadmium.
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