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Abstract:

Diabetic kidney disease (DKD) is a common microvascular complication of diabetes. The etiol-
ogy of DKD includes genetic and environmental factors. Genetics alone do not explain the high
prevalence of DKD, therefore, modifiable environmental risk factors need to be identified. Many
studies suggested that environmental pollutants such as persistent organic pollutants, Bisphenol
A and PM2.5 play important roles in DKD development and progression. In this review, the re-
lationships between these environmental pollutants and DKD will be discussed. Furthermore,
effects of pollutants on DKD risk factors will be reviewed, including glucose metabolism, blood
pressure and body weight. Several published epidemiological studies have revealed positive
correlation between high blood levels of several environmental pollutants with poor renal out-
comes in diabetic patients; however, those researches base the diagnosis of DKD on laboratory
findings but not biopsies. On the other hand, although several basic studies revealed the ne-
phrotoxicity of several environmental pollutants, the causal relationship between environmental
pollutants and DKD still needs more experiments to explore, especially in diabetic animal mod-
els. In addition, in an open environment, the human body is affected by a variety of environ-
mental factors, while researchers tend to study a specific environmental chemical, which makes
the interactions among these pollutants unknown. In the future, studies focusing on the interac-
tions among these environmental pollutants may provide valuable insights into the etiology of
DKD. Besides, focusing on the genetics and the interaction between environment pollutants and
genetic factors would shed light on the DKD susceptibility. Finally, before implementing strict
regulations against specific environmental pollutants to prevent the occurrence and progression
of DKD, data from high-quality diabetic population-based studies are still needed.

Keywords: diabetic kidney disease, environmental pollutants, Bisphenol A, PM2.5, persistent
\organic pollutants, Cadmium, Iron. /

Copyright 2018 KEI Journals. All Rights Reserved http://journals.ke-i.org/index.php/mra



Yang S. et al.

1. Diabetic kidney disease (DKD)

Chronic kidney disease (CKD) is a chronic
kidney disorder with renal structure and/or
function abnormalities induced by various
causes. As one of the chronic Kkidney dis-
ease, diabetic kidney disease (DKD) is
caused specifically by diabetes itself. DKD
at early stages may be manifested as glo-
merular hyperfiltration, hypertrophy of both
glomerulus and renal tubular epithelium,
and microalbuminuria, followed by abnor-
malities in mesangium and interstitium,
basement ~membrane thickening and
macroalbuminuria, finally resulting in
glomerulosclerosis and progressive loss of
renal function. * The diagnosis of DKD is
mainly depended on the presence of albu-
min in urine and/or a decline of estimated
glomerular filtration rate (eGFR). About
20%-40% of the patients with diabetes
mellitus have DKD, which is now the main
reason of CKD and end-stage renal disease
(ESRD) all over the world. > Moreover, in
diabetic patients, DKD also leads to a high-
er mortality and higher risk of cardiovascu-
lar events such as coronary heart disease
and stroke.

DKD is a complex disease resulting from
combined effects of genetic and environ-
mental factors. Although its detailed patho-
genesis has not been clarified yet, poor
glycemic control is the leading cause for
DKD. Other risk factors also play important
roles in its occurrence and progress, such as
age, race, hypertension, hyperlipidemia,
smoking and diabetes duration. ® In recent
decades, with the social industrialization
and urbanization, environmental pollutants,
existing almost everywhere have become a
significant challenge to our lives, which
accounts for multiple negative effects on
human health.
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Since environmental pollutants have been
proved to be involved in the DKD devel-
opment by plenty of studies, this paper aims
to review the impacts of environmental
chemicals or contaminants on DKD as well
as on DKD risk factors (Table 1), and to
discuss the underlying mechanisms.

2. Relationship between environmental
pollutants and DKD

2.1. Persistent Organic Pollutants, POPs

Persistent organic pollutants (POPs), main-
ly referring to organochlorine compounds
such as polychlorinated biphenyls (PCBS),
dioxins and organochlorine pesticides, are
widely used in the production of herbicides,
pesticides and plasticizers, characterized by
easy diffusion, difficult decomposition and
persistent existence in environment. The
human body can get exposed to them
through food intake, air and water.

A recent study from the United States, in
which 149 patients with type 2 diabetes
were followed up for 30 years, showed a
strong association between PCBS exposure
at baseline and the increased risk of ESRD
and death with confounders being adjusted,
including age, sex, triglycerides, total cho-
lesterol and blood sugar levels; Meanwhile,
the exposure to organochlorine pesticides is
also associated with the increased risk of
death. *

The National Health and Nutrition Exami-
nation Survey (NHANES), from 1999 to
2004 with a large sample size, demonstrat-
ed that with the exposure level of PCBS and
dioxins rises by one point in diabetics, the
risk of DKD represents about sevenfold
increase (defined as urinary albumin to
creatinine ratio >30 mg/g). > In addition, a
higher level of DDT is twice as risky as the
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lower one to suffer from DKD. ® Renal bi-
opsy of arctic fox has showed extensive
kidney damage caused by the exposure to
POPs, however, with the mechanisms un-
known. ” A cross-sectional study revealed a
positive correlation between the serum
arylhydrocarbon receptor transactivating
(AHRT) activity and urine albumin levels in
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people with diabetes. ® A basic research also
found that POPs may cause renal impair-
ment through the constitutive androstane
receptor-mediated pathway and the aryl
hydrocarbon receptor (AhR) pathway, asso-
ciated with promoted reactive oxygen spe-
cies production, mitochondrial toxicity and
extracellular matrix remodeling. °

Table 1. Associations between environmental pollutants and DKD

DKD Progression

Risk Factors of DKD

Pollutants Reference
Subject UACR eGFR HbAlc BP Weight
BPA T2D, GP 1 ! 1 1 1 11-13,34,39
POPs T2D 1 ! 1 1 0 4-6,32,37-38
PM2.5 GP 0 l 1 1 0 17-20,33,40-41
Iron T2D 0 ! Unknown 1 ! 22,36,43
Cadmium T2D 0 ! Unknown 1 ! 27-30,35,42

T2D: type 2 diabetes; GP: General population; UACR: urine albumin creatinine ratio; eGFR: estimated glomerular
filtration rate; BPA: Bisphenol A; POPs: persistent organic pollutants; DKD: diabetic kidney disease; PM2.5: partic-

ulate matter 2.5; BP: blood pressure.

2.2. Bisphenol A

Bisphenol A (BPA) is a small molecule that
exists extensively in consumer products
such as plastic cups, disposable tableware,
plastic bags, printing paper. The majority of
BPA can be excreted through the kidney,
while a few remains in body. As an envi-
ronmental endocrine disruptor, BPA is able
to interfere with reproductive function,
immune system, and induce cancer due to
its binding affinity to estrogen receptors and
other specific receptors. *° Recent studies
have suggested that the exposure to BPA is
also closely related to DKD.

Our previous study reported the relationship

Copyright 2018 KEI Journals. All Rights Reserved

between BPA and DKD. 121 patients with
T2D and eGFR > 60 mL/min/1.73 m® were
enrolled and followed up for 6 years, results
indicated that the baseline serum BPA level
had a significant negative association with
the annual decline percentage of eGFR, and
the patients with high levels of serum BPA
exhibited about a sevenfold increased risk
of developing CKD compared to those with
low levels, which is independent of age,
T2D duration, blood pressure and blood
glucose. ™ In accordance with our findings,
a cohort study with the sample size about
3,000 and a study in 2009-2010 NHANES
(including 710 children) also supported that
people with high levels of BPA exposure
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were more likely  to develop
microalbuminuria. 1

The mechanism of kidney damage induced
by BPA was explored in basic studies, in
which mice showed increased albuminuria
and podocyte apoptosis after 5 weeks of
continuous injection of BPA, and BPA
promoted cell hypertrophy, decreased its

vitality, and induced apoptosis in podocytes.

'S0 the mechanism of BPA-induced glo-
merular injury, resulting in albuminuria,
may be associated with oxidative
stress-induced endothelial dysfunction. In
addition, BPA may cause kidney damage
through indirect pathways. Hyperuricemia
is well acknowledged as an important risk
factor for DKD. Our team has recently
found that BPA promoted hepatic uric acid
synthesis via the direct-binding activation
of xanthine oxidase (XO), leading to in-
creased serum uric acid concentration, *° but
further studies are needed to clarify the
specific role of BPA-induced hyperuricemia
in the DKD development.

2.3. Particulate Matter 2.5

Particulate matter with a diameter of 2.5um
or less is commonly stated as PM2.5.
PM2.5, which is easy to accumulate heavy
metals, nitrates, microorganisms and other
components in the air due to its large spe-
cific surface area, can directly enter the
alveoli of lungs and increase the risk of
cardiovascular disease and death. '® Studies
have discovered that the exposure of PM2.5
increases the risk of urinary albumin and
renal dysfunction. A study from the \eter-
ans Administration Normative Aging Study
(VANAYS), including 669 elderly partici-
pants followed for 11 years, was to observe
the association between PM2.5 exposure
and eGFR changes. This study showed that
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average annual PM2.5 exposure negatively
related to renal function, and eGFR de-
creased faster in participants with higher
exposure of PM2.5 compared to those with
lower exposure. *” More recently, results
from a large sample survey of 8.5 years’
follow-up, enrolling nearly 2.5 million par-
ticipants in the United States, reported that
with the increase of PM2.5 exposure con-
centration, eGFR declined and the risk of
ESRD increased. * Another study conduct-
ed renal biopsy of 71151 subjects in 283
cities in China to investigate the association
between PM2.5 and glomerular injury, and
discovered that 3-year PM2.5 high exposure
was associated with the increased risk of
membranous ~ nephropathy. A
crosssectional study explored the relation-
ship between PM2.5 exposure and
microalbuminuria among 94 chefs and
matched controls, and found that the pro-
portion of subjects with microalbuminuria
(urinary albumin/creatinine 30-300mg/q)
was significantly higher in the chef group
who exposed to high PM2.5 than that of the
control group (85.1% vs. 22.3%,p<0.01). °

PM2.5, penetrating the respiratory barrier
into the blood circulation, has a harmful
effect on kidney maybe through oxidative
stress and inflammatory factors. Although
until now, there is no direct evidence of
PM2.5 involvement in DKD, PM2.5 can be
enriched with a variety of chemicals (heavy
metals, POPs, etc.) which is reported to
cause decreased renal function and elevated
urinary albumin. So it is believed that
PM2.5 exposure and DKD could be closely
related. As controlling cooking fume, elim-
inating indoor smoking and reducing ex-
haust emissions can efficiently reduce
PM2.5 air pollution, further illustrating the
relationship between PM2.5 and DKD
might be useful for DKD prevention.
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2.4. 1ron

Iron is an essential trace element in the hu-
man body, which plays an important role in
physiological function by participating in
various biochemical reactions, but iron
overload will catalyze biological oxidation
that is detrimental to body tissues. Although
iron mainly enters the body through our
daily diet, as an airborne dust pollutant, it
also has an access to the body via the res-
piratory system. Iron deposition in the kid-
ney was observed both in animal models
and in diabetic population. #* A large
amount of researches from clinical and an-
imal experiments have confirmed that tri-
valent iron ions (Fe3+) overload promotes
the development of DKD. Khan et al.?
found a significant positive correlation be-
tween serum Fe3+ level and urinary albu-
min/creatinine level in type 2 diabetic pa-
tients with albuminuria. A low-iron, poly-
phenol-enriched,  carbohydrate-restricted
diet can reduce the incidence of renal fail-
ure in patients with DKD and reduce the
all-cause mortality. %®

In diabetic animal models, iron deposition
in vivo was positively correlated with the
severity of kidney disease. > Iron has been
proved to promote chronic renal interstitial
inflammation and fibrosis in the animal
models of chronic proteinuria-related Kid-
ney failure. > Decreasing dietary iron intake
in diabetic mice models can slow the pro-
gression of proteinuria, mesangial dilation,
extracellular matrix deposition and renal
tubular injury, so as to prevent DKD de-
velopment. Referring to the possible mech-
anisms, it was proved that restricting iron
intake would inhibit oxidative stress by
blocking renal NADPH oxidase subunits,
P22 and NOX4.%® The excessive accumula-
tion of iron mainly leads to oxidative stress
enhancement, through Fenton reaction pro-
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ducing a large number of hydroxyl radicals
with cytotoxicity and nitric oxide resulting
in high perfusion and high permeability of
glomeruli. Iron overload also could be in-
volved in the pathogenesis of the glomeru-
lar sclerosis and renal fibrosis by promoting
the expression of inflammatory factors such
as TGF-B. So reducing iron intake and in-
creasing a calcium-rich diet that inhibits the
absorption of ferric ions could both con-
tribute to lower body iron content and avoid
Kidney injury.

2.5. Cadmium

Cadmium, a nephrotoxic metal pollutant,
was widely used in industrial manufacture
and disseminated in the environment, which
enters the human body mainly through food
and tobacco with a half-life of 15 to 30
years in the body. The associations between
cadmium and increased renal tubular or
glomerular injury have been found in many
epidemiological studies and animal studies,
especially in diabetic patients. A study from
Australia showed that in diabetes, urinary
cadmium levels were significantly higher in
the albuminuria group than those with nor-
mal albumin creatinine ratio, and this cor-
relation remained significant after adjust-
ment for age, gender, BMI, smoking status,
and blood pressure. #’ In a study of 800
Swedish women, a significant negative
correlation was observed between urine
cadmium levels and renal creatinine clear-
ance as well as GFR. ?® In 229 patients with
type 2 diabetes in China, Chen et al.?° found
that the urine f2-globulin (an indicator of
proximal renal tubular function impairment)
increased 3 to 4 times in patients with high-
er urine cadmium level. Previous studies
also reported that urinary cadmium levels
were significantly correlated with urinary
N-acetyl-beta-glucosaminidase (NAG, one
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of the potential markers of DKD). * In an-
imal studies, it was proved that diabetic
animals are more susceptible to cadmi-
um-induced nephrotoxicity than
non-diabetes, since the accumulation of
cadmium in their kidneys is twice as much
as that of the controls. After 90 days of
cadmium treatment through drinking water,
the level of NAG in the diabetic rats was
two times higher than that in the
non-diabetic group, ** suggesting that cad-
mium exposure could aggravate the diabetic
kidney injury.

2.6. Other Environmental Chemicals

Studies indicated that other environmental
pollutants such as benzene, phthalates,
perfluorinated alkyl acids, melamine, are
closely associated with chronic kidney dis-
ease (CKD). However, their relationship
with DKD is unclear for the lack of evi-
dence to prove the causal relationship with
urine albumin levels and DKD in diabetic
patients.

3. Influence of Pollutants on DKD Risk
Factors

In addition to direct contributions, envi-
ronmental pollutants also affect the kidney
indirectly. Environmental pollutants are
reported to influence the risk factors of
DKD, including plasma glucose level,
blood pressure, and body weight, which
could further aggravate DKD progression.

Exposure to POPs is demonstrated to be a
risk factor for diabetes and obesity. ** Ex-
posures to PM2.5 and BPA were also shown
to be associated with hyperglycemia which
plays critical roles in DKD initiation.
One-year PM2.5 exposure is significantly
associated with increased HbAlc, and dia-
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betes prevalence was 35% higher (95% CI:
19%, 53%) in those with higher PM2.5 ex-
posures. * In the study from Wang T et al,
for the highest vs. the lowest quartile of
BPA exposure, the prevalence of insulin
resistance was increased by 37%. 3* The
exposure of cadmium was positively related
to prediabetes, and furthermore participants
with high blood cadmium had increased
morbidity (OR = 1.44; 95% CI = 1.15-1.82)
compared to those in the low cadmium
group. *° It was also proved that Iron over-
load played a role in the pathogenesis of
diabetes through maintaining the function
of pancreatic islet B-cells. * Taken together,
exposures to environmental pollutants dis-
cussed above are associated with increased
blood glucose and/or aggravated insulin
resistance, but the specific mechanisms
need to be further explored.

Besides hyperglycemia, high blood pressure
and obesity play important roles in DKD
progression as well. Valera B et al. found
that higher risk of hypertension was associ-
ated with increasing DDT concentrations
among participants aged 18-39 (OR = 1.42;
95% Cl = 1.08-1.85).*" Arrebola JP et al.
showed that PCBs including PCB-138,
PCB-153, PCB-180 were associated with
hypertension in individuals  with
BMI>26.3kg/m?>. *®* A data based on
2003-2004 National Health and Nutrition
Examination Survey (NHANES) from 1380
Americans also reported BPA exposure to
be positively associated with hypertension,
odds ratio for hypertension was 1.50
(95%CI = 1.12-2.00). * Compared to par-
ticipants with the lowest BPA exposure
(Quartile 1, urinary BPA concentration was
less than <0.47 ng/ml), subjects with the
highest BPA exposure (Quartile 4, urinary
BPA concentration was more than >1.43
ng/ml) exhibited a 1.5-flod higher risk of
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generalized obesity and 1.28-flod higher
risk of abdominal obesity. ** In a large
prospective cohort study, the association
between long-term exposure to PM2.5 and
incident hypertension was demonstrated,
with an even stronger association among
obese participants and women younger than
65 years of age.*° Furthermore, the risk of
childhood overweight and obesity was in-
creased by 30% and 60% with the exposure
to PM2.5 during childhood. ** A popula-
tion-based study which included 5273 sub-
jects found that the prevalence of hyperten-
sion significantly increased from 25% in the
lowest tertile of urinary cadmium to 35.0%
in the highest tertile. ** In animal studies,
iron restriction prevented the development
of hypertension in stroke-prone spontane-
ously hypertensive rats compared to those
without iron restriction diet which devel-
oped more severe vascular hypertrophy and
renal damage. ®

4, Summary

As DKD patients progressed to ESRD, the
cardiovascular risk and all-cause mortality
would increase significantly. Therefore,
searching for DKD risk factors presents an
important opportunity to prevent the devel-
opment of the disease. Epidemiological
studies have revealed positive correlation
between high blood levels of several envi-
ronmental pollutants with poor renal out-
comes in diabetic patients; however, there’s
still an empty hole that if a poor renal out-
come is due to an association between pol-
lutants and diabetes or just because pollu-
tants nephrotoxicity alone. Researches in-
cluded in this review base the diagnosis of
DKD on laboratory findings but not biop-
sies. Considering that CKD and DKD could
share laboratory abnormalities, it’s hard to
determine if laboratory changes are due to
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DKD or just pollutants with nephrotoxicity;
at least not without a biopsy where specific
histological changes associated to DKD
leading to a definitive diagnosis. On the
other hand, although some basic studies
revealed the nephrotoxicity of several en-
vironmental pollutants, the causal relation-
ship between environmental pollutants and
DKD still needs more experiments to ex-
plore, especially in diabetic animal models.
In addition, in an open environment, the
human body is affected by a variety of en-
vironmental factors, while researchers tend
to study a specific environmental chemical,
which makes the interactions among these
pollutants unknown. In the future, studies
focusing on the interactions among these
environmental pollutants may provide val-
uable insights into the etiology of DKD.
Besides, focusing on the genetics and the
interaction between environment pollutants
and genetic factors would shed light on the
DKD susceptibility. Finally, before imple-
menting strict regulations against specific
environmental pollutants to prevent the
occurrence and progression of DKD, data
from high-quality diabetic population-based
studies are still needed.

Acknowledgments. The authors thank the
Laboratory of Endocrine and the Laborato-
ry of Lipid & Glucose Metabolism, the First
Affiliated Hospital of Chongqing Medical
University.

Competing interests. The authors have no
conflicts of interest to report.

Reference:

1. John S. Complication in diabetic
nephropathy. Diabetes Metab Syndr.

http://journals.ke-i.org/index.php/mra



Yang S. et al.

2016; 10(4): 247-249.
doi:10.1016/j.dsx.2016.06.005

American Diabetes  A. 10.
Microvascular complications and
foot care: Standards of medical care
in diabetes-2018. Diabetes Care.
2018; 41(Suppl 1): S105-S118.
doi:10.2337/dc18-S010

Russo GT, De Cosmo S, Viazzi F, et
al. Plasma triglycerides and hdl-c
levels predict the development of
diabetic kidney disease in subjects
with type 2 diabetes: The amd
annals initiative. Diabetes Care.
2016; 39(12): 2278-2287.
d0i:10.2337/dc16-1246

Grice BA, Nelson RG, Williams DE,
et al. Associations  between
persistent organic pollutants, type 2
diabetes, diabetic nephropathy and
mortality. Occup Environ Med. 2017;
T4(7): 521-527.
doi:10.1136/0emed-2016-103948

Everett CJ, Thompson OM. Dioxins,
furans and dioxin-like pcbs in
human blood: Causes or
consequences of diabetic
nephropathy? Environ Res. 2014;
132(126-131.
doi:10.1016/j.envres.2014.03.043

Everett CJ, Thompson OM.
Association of ddt and heptachlor
epoxide in human blood with
diabetic nephropathy. Rev Environ
Health. 2015; 30(2): 93-97.
doi:10.1515/reveh-2015-0003

Sonne C, Wolkers H, Leifsson PS, et
al. Organochlorine-induced
histopathology in kidney and liver
tissue from arctic fox (vulpes

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 4, April 2018 issue

10.

11.

12.

13.

Page 8 of 11

lagopus). Chemosphere. 2008; 71(7):
1214-1224.
doi:10.1016/j.chemosphere.2007.12.
028

Kim JT, Kim SS, Jun DW, et al.
Serum arylhydrocarbon receptor
transactivating activity is elevated in
type 2 diabetic patients with diabetic
nephropathy. J Diabetes Investig.
2013; 4(5): 483-491.
doi:10.1111/jdi.12081

Ruzzin J. Public health concern
behind the exposure to persistent
organic pollutants and the risk of
metabolic diseases. BMC Public
Health. 2012; 12(298.
doi:10.1186/1471-2458-12-298

Tse LA, Lee PMY, Ho WM, et al.
Bisphenol a and other
environmental risk factors for
prostate cancer in hong kong.
Environ Int. 2017; 107(1-7.
doi:10.1016/j.envint.2017.06.012

Hu J, Yang S, Wang Y, et al. Serum
bisphenol a and progression of type
2 diabetic nephropathy: A 6-year
prospective study. Acta Diabetol.
2015; 52(6): 1135-1141.
doi:10.1007/s00592-015-0801-5

Trasande L, Attina TM, Trachtman
H. Bisphenol a exposure is
associated with low-grade urinary
albumin excretion in children of the
united states. Kidney Int. 2013;
83(4): 741-748.
d0i:10.1038/ki.2012.422

Li M, Bi Y, Qi L, et al. Exposure to
bisphenol a is associated with
low-grade albuminuria in chinese
adults. Kidney Int. 2012; 81(11):

http://journals.ke-i.org/index.php/mra



Yang S. et al.

14.

15.

16.

17.

18.

19.

1131-1139. doi:10.1038/ki.2012.6

Olea-Herrero N, Arenas Ml,
Munoz-Moreno C, et al.
Bisphenol-a induces podocytopathy
with proteinuria in mice. J Cell
Physiol. 2014; 229(12): 2057-2066.
doi:10.1002/jcp.24665

Ma L, Hu J, Li J, et al. Bisphenol a
promotes hyperuricemia via
activating xanthine oxidase. Faseb j.
2017;

doi:10.1096/fj.201700755R

Yin P, Brauer M, Cohen A, et al.
Long-term fine particulate matter
exposure and nonaccidental and
cause-specific mortality in a large
national cohort of chinese men.
Environ Health Perspect. 2017;
125(11): 117002.
doi:10.1289/ehp1673

Mehta AJ, Zanobetti A, Bind MA, et
al. Long-term exposure to ambient
fine particulate matter and renal
function in older men: The veterans
administration  normative  aging
study. Environ Health Perspect.
2016; 124(9): 1353-1360.
doi:10.1289/ehp.1510269

Bowe B, Xie Y, Li T, et al
Particulate matter air pollution and
the risk of incident ckd and
progression to esrd. J Am Soc
Nephrol. 2018; 29(1): 218-230.
doi:10.1681/ASN.2017030253

Xu X, Wang G, Chen N, et al
Long-term exposure to air pollution
and increased risk of membranous
nephropathy in china. J Am Soc
Nephrol. 2016; 27(12): 3739-3746.
doi:10.1681/ASN.2016010093

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 4, April 2018 issue

20.

21.

22.

23.

24.

25.

26.

Page 9 of 11

Singh A, Kamal R, Mudiam MK, et
al. Heat and pahs emissions in
indoor Kitchen air and its impact on
kidney dysfunctions among kitchen
workers in lucknow, north india.
PLoS One. 2016; 11(2): e0148641.
doi:10.1371/journal.pone.0148641

Harrison MD, Jones CE, Dameron
CT. Copper chaperones: Function,
structure  and copper-binding
properties. J Biol Inorg Chem. 1999;
4(2): 145-153.

Khan FA, Al Jameil N, Arjumand S,
et al. Comparative study of serum
copper, iron, magnesium, and zinc
in type 2 diabetes-associated
proteinuria. Biol Trace Elem Res.
2015; 168(2): 321-329.
d0i:10.1007/s12011-015-0379-3

Facchini FS, Saylor KL. A
low-iron-available,
polyphenol-enriched,
carbohydrate-restricted diet to slow
progression of diabetic nephropathy.
Diabetes. 2003; 52(5): 1204-1209.

Nankivell BJ, Chen J, Boadle RA, et
al. The role of tubular iron
accumulation in the remnant kidney.
J Am Soc Nephrol. 1994; 4(8):
1598-1607.

Alfrey AC, Froment DH, Hammond
WS. Role of iron in the
tubulo-interstitial injury in
nephrotoxic serum nephritis. Kidney
Int. 1989; 36(5): 753-759.

Ikeda Y, Enomoto H, Tajima S, et al.
Dietary iron restriction inhibits
progression of diabetic nephropathy
in db/db mice. Am J Physiol Renal
Physiol. 2013; 304(7): F1028-1036.

http://journals.ke-i.org/index.php/mra



Yang S. et al.

27.

28.

29.

30.

31.

32.

33.

doi:10.1152/ajprenal.00473.2012

Haswell-Elkins M, Satarug S,
O'Rourke P, et al Striking
association between urinary
cadmium level and albuminuria
among torres strait islander people
with diabetes. Environ Res. 2008;
106(3): 379-383.
doi:10.1016/j.envres.2007.10.004

Akesson A, Lundh T, Vahter M, et al.

Tubular and glomerular kidney
effects in swedish women with low
environmental cadmium exposure.
Environ Health Perspect. 2005;
113(11): 1627-1631.
doi:10.1289/ehp.8033

Chen L, Lei L, Jin T, et al. Plasma
metallothionein antibody, urinary
cadmium, and renal dysfunction in a
chinese type 2 diabetic population.
Diabetes Care. 2006; 29(12):
2682-2687. doi:10.2337/dc06-1003

Buchet JP, Lauwerys R, Roels H, et
al. Renal effects of cadmium body
burden of the general population.
Lancet. 1990; 336(8717): 699-702.

Jin T, Nordberg G, Sehlin J, et al.
The susceptibility to nephrotoxicity
of streptozotocin-induced diabetic
rats subchronically exposed to
cadmium chloride in drinking water.
Toxicology. 1999; 142(1): 69-75.

Yang C, Kong APS, Cai Z, et al.
Persistent organic pollutants as risk
factors for obesity and diabetes.
Curr Diab Rep. 2017; 17(12): 132.
doi:10.1007/s11892-017-0966-0

Honda T, Pun VC, Manjourides J, et
al. Associations between long-term
exposure to air pollution,

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 4, April 2018 issue

34.

35.

36.

37.

38.

39.

Page 10 of 11

glycosylated  hemoglobin  and
diabetes. Int J Hyg Environ Health.
2017; 220(7): 1124-1132.
doi:10.1016/j.ijheh.2017.06.004

Wang T, Li M, Chen B, et al.
Urinary  bisphenol a  (bpa)
concentration  associates  with
obesity and insulin resistance. J Clin
Endocrinol Metab. 2012; 97(2):
E223-227.
doi:10.1210/jc.2011-1989

Nie X, Wang N, Chen Y, et al.
Blood cadmium in chinese adults
and its relationships with diabetes
and obesity. Environ Sci Pollut Res
Int. 2016; 23(18): 18714-18723.
d0i:10.1007/s11356-016-7078-2

Wang X, Fang X, Wang F
Pleiotropic actions of iron balance
in diabetes mellitus. Rev Endocr
Metab Disord. 2015; 16(1): 15-23.
doi:10.1007/s11154-014-9303-y

Valera B, Jorgensen ME, Jeppesen
C, et al. Exposure to persistent
organic pollutants and risk of
hypertension among inuit from
greenland. Environ Res. 2013;
122(65-73.
doi:10.1016/j.envres.2012.12.006

Arrebola  JP, Fernandez MF,
Martin-Olmedo P, et al. Historical
exposure to persistent organic
pollutants and risk of incident
hypertension. Environ Res. 2015;
138(217-223.
doi:10.1016/j.envres.2015.02.018

Han C, Hong YC. Bisphenol a,
hypertension, and cardiovascular
diseases: Epidemiological,
laboratory, and clinical trial

http://journals.ke-i.org/index.php/mra



Yang S. et al.

40.

41.

evidence. Curr Hypertens Rep. 2016;
18(2): 11.
doi:10.1007/s11906-015-0617-2

Zhang Z, Laden F, Forman JP, et al.
Long-term exposure to particulate
matter and self-reported
hypertension: A prospective analysis
in the nurses' health study. Environ
Health Perspect. 2016; 124(9):
1414-1420. doi:10.1289/ehp163

Mao G, Nachman RM, Sun Q, et al.
Individual and joint effects of
early-life  ambient exposure and
maternal prepregnancy obesity on
childhood overweight or obesity.
Environ Health Perspect. 2017;
125(6): 067005.
doi:10.1289/ehp261

Copyright 2018 KEI Journals. All Rights Reserved

Medical Research Archives, vol. 6, issue 4, April 2018 issue

42.

43.

Page 11 of 11

Swaddiwudhipong W, Mahasakpan
P, Limpatanachote P, et al
Correlations of urinary cadmium
with hypertension and diabetes in
persons living in
cadmium-contaminated villages in
northwestern thailand: A population
study. Environ Res. 2010; 110(6):
612-616.
doi:10.1016/j.envres.2010.06.002

Okuno K, Naito Y, Yasumura S, et al.
Influence of dietary iron intake
restriction on the development of
hypertension in weanling
prehypertensive rats. Heart Vessels.
2018;
doi:10.1007/s00380-018-1134-4

http://journals.ke-i.org/index.php/mra



