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ABSTRACT

Obesity is an excessive accumulation of body fat, above its physiological needs and adaptive
capacity. Causes of obesity are overeating, lack of physical activity, genetic factors, damage to
the hypothalamus and abdominal-medial hypothalamic nuclei, some medications, mood disor-
ders and stress. Results of some studies imply that trace heavy metals may represent significant
risk factors for the development of obesity, especially in areas that the degree of metal pollution
is considerable. Our aim has been to present results of recent research into the role of heavy
metals in the development of obesity. There are many studies on the relationship of exposure to
heavy metals such as manganese, barium, cobalt, cadmium, lead, zinc, iron, or copper and obe-
sity. The relationship between cadmium and its effects on obesity has been demonstrated. Expo-
sure to cadmium results in a meaningful increase in hepatic GluT2, glucokinase, carbohydrate
regulatory element binding protein (Chrebp), and pyruvate kinase mRNA. At the same time,
activation of lipogenic proteins was discovered. Cadmium exposure resulted in a significant in-
crease in free fatty acids and serum glucose level. Fat cells exposed to this metal significantly
decreased dose-dependent cell viability after Cd2+ exposure. Adipocytes exposed to cadmium are
characterized by an elevated rate of lipogenesis from glucose. As for the other heavy metals,
further research is needed because not every study has linked these elements, especially cobalt
and lead, to obesity. It has been shown that a lower concentration of zinc and a higher concen-
tration of copper in blood can increase the risk of obesity. However, it is necessary to recognize
the mechanisms of action of these elements on the process of obesity.
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INTRODUCTION

Obesity is an excessive accumulation of body fat, above its physiological
needs and adaptive capacity, which can lead to adverse health effects. Obesi-
ty is considered to be a state in which adipose tissue represents more than
20% of total body weight in men and 25% in women. Obesity is accompanied
by overweight, which is excess body weight above the optimal weight. Obesi-
ty has been found to increase the risk of certain diseases, including cardio-
vascular disease, type 2 diabetes, obstructive sleep apnea, cholelithiasis,
kidney diseases, certain types of cancer, osteoarthritis, and thus to shorten
the life expectancy (Hasram et al. 2005). Excessive obesity leads to disability.
Obesity in high-growth countries is a social problem, it can take on epidemic
proportions in the future and is already considered one of the civilization
threats among developed societies. The Polish Central Statistical Office sho-
wed that 44% of men and 30.1% of women were overweight in Poland
in 2014, while 18.1% of men and 15.6% of women suffered from obesity.
The percentage of overweight and obese people is constantly growing.
In Poland, it was 27.7% in 1996, rising to 29.6% in 2004 and reaching 53%
in 2009. Overweight and obesity also occur among children and adolescents.
According to the results of the study ‘Health Behavior in School-aged Child-
ren (HBSC)’ carried out in the 2013/2014 school year, the proportion of
11-15-year-olds with overweight and obesity in Poland was 14.8% (12.4% and
2.4% respectively) (ZcrLiczyNski. 2017). The most common causes of obesity are
likely to be overeating (excessive energy intake versus body requirement)
and lack of physical activity. Genetic factors may play a role in the develop-
ment of obesity or increase susceptibility to its development. Non-genetic
biological agents also play a role in the development of obesity. Damage to
the hypothalamus (inflammatory or neoplastic process) and abdominal-medial
hypothalamic nuclei can cause obesity. At this time, excessive food intake
and autonomic disorders may occur. The cause of obesity may also be some
medications, mood disorders and stress (Apam et al. 2007). Moreover, there is
a wealth of evidence supporting the link between environmental exposure to
dangerous chemicals including toxic metals and obesity, diabetes and the
metabolic syndrome (TiNkov et al. 2017). Trace heavy metals may represent
decisive risk factors for the development of obesity, especially in areas with
considerable metal pollution (SHAO et al. 2017).The relationship between the
concentration of some metals in blood and body mass has been investigated
in children, adolescents and adults. However, the fundamental mechanisms
still need exploration (FaN et al. 2017).
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MATERIAL AND METHODS

We searched several electronic databases, such as PubMed, Web of
Science, Cochrane Library and Medline, to find papers relating to the role of
heavy metals in the development of obesity. A keyword approach was used.
The search terms were “heavy metals obesity/ BMI,” “cadmium obesity/
BMI”, “cobalt obesity/ BMI”, “zinc obesity/ BMI” “iron obesity/ BMI” and
“lead obesity/ BMI”. The search was conducted in October 2017. Initial
screening of reports was based on a review of titles. Abstracts and/or full
texts were also checked when necessary. The search took into account publi-
cations written in English or Polish.

RESULTS AND DISCUSSION

The study investigating the association between serum metallic elements
with obesity in U.S children and adolescent showed that the highest concen-
trations of manganese in the blood was associated with obesity and there
was a negative association between blood zinc and obesity. (FaAN et al. 2017).
Scientific research analyzing the urinary level of nine trace heavy metals,
including barium, cadmium, cobalt, cesium, molybdenum, lead, antimony,
thallium, and tungsten in U.S children revealed that there was a remarkable
association between barium exposure and prevalence of obesity. A negative
association was observed between cobalt, lead and cadmium and the obesity.
These results suggest that trace heavy metals can be critical risk factors for
the development of obesity (SHAO et al. 2017).The Polish study conducted on
children of age 6-17 years showed positive correlation between the cobalt
content in plasma and BMI in obese boys. Also, a negative association
between BMI and zinc in blood, iron in urine and copper in plasma was
discovered for girls (Brazewicz et al. 2013).

Cadmium is a chemical element which has a high concentration in soil,
water and air (Czeczor et al. 2010). Many scientific papers have confirmed
the negative impact of this element on human health (SkoLARCZYK et al.
2018). Exposure to this chemical element can lead to various health results,
such as lung diseases, peripheral artery disease, diabetes, diabetic nephropa-
thy, arterial hypertension, itai-itai disease, immune system disorders, pro-
blems with reabsorption of vitamins or minerals and different types of cancer
(SATARUG et al. 2010). Scientific work about the impact of cadmium exposure
and status on the risk and potential etiological mechanisms of obesity and
diabetes showed that cadmium adversely affects adipose tissue physiopatho-
logy through several mechanisms that cause increased insulin resistance and
higher probability of diabetes (TiNkov et al. 2017). Exposure to cadmium
results in a meaningful increase in hepatic GluT2, glucokinase, carbohydrate
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regulatory element binding protein (Chrebp), and pyruvate kinase mRNA.
At the same time, activation of lipogenic proteins was also discovered. Cad-
mium exposure resulted in a significant increase in free fatty acids andse-
rum glucose level. Treatment with cadmium purposefully altered the gut
microbiome, increased the level of LPS in serum and transcriptional status
of LPS target genes, finally causing induction of inflammatory response via
elevation of IL-18, TNFa and IL-6 mRNA (ZuanG et al. 2015). An in vitro
study of cadmium toxicity in 3T3-L1 adipocytes showed that fat cells exposed
to this metal significantly decreased dose-dependent cell viability after Cd2+
exposure (Kawakami et al. 2010). One study also demonstrated a significant
cadmium-induced increase in carbon dioxide (COZ2) formation from glucose in
fat cells. This study also showed that adipocytes exposed to cadmium were
characterized by an increased rate of lipogenesis from glucose (YAMAaMOTO
et al. 1986). One study revealed that cadmium-induced glucose uptake in
adipocytes is related to altered Ca2+ signaling rather than to insulin signa-
ling. It is implicated that the observed enhancement in cadmium-induced
glucose uptake in 3T3-L1 adipocytes is mediated through the modulation of
GluT1 activity (HarrisoN et al. 1991). An in vitro study showed that exposure
to cadmium resulted in a significant dose-dependent decrease in lipid accu-
mulation in differentiating 3T3-L1 cells on the stage of preadipocyte differen-
tiation. It is also suggested that exposure to this metal may significantly al-
ter the expression of adipogenesis activators, CCAAT/enhancer-binding
protein alpha (C/EBPa) and peroxisome proliferator-activator receptor gam-
ma (PPARYy) (LEE et al. 2012). A study carried out in 2013 on mice revealed
that cadmium reduced adipocyte size and increased macrophage infiltration
of white adipose tissue through up-regulation of Monocyte Chemoattractant
Protein-1 (MCP-1) expression in metallothionein-null mice (Kawakamr et al.
2013). In the same study, Kawakami study demonstrated meaningfully lowe-
red adiponectin and leptin expression as well as a decreased adipocyte size
in MT-null mice in response to cadmium treatment. Interestingly, the adipo-
cyte size recovered in 6 weeks after cadmium withdrawal in MT-null mice,
but the expression of adiponectin and leptin remained low (Kawakawmi et al.
2012). A Chinese study investigating the association between blood cadmium
levels and obesity showed that blood levels of this metal had a negative rela-
tionship with the prevalence of overweight (NIt et al. 2016). Research into
the link between blood cadmium and metabolic syndrome in South Korea
demonstrated that blood cadmium levels were robust risk factors for the me-
tabolic syndrome in examined men. Also, a relation of the metabolic syndro-
me and blood cadmium level was significant, regardless of the type of a va-
riable (categorical or continuous), among men with lower blood cadmium
levels (LEE et al. 2013). What is important is that the existing epidemiologi-
cal data do not clearly support the role of cadmium exposure in obesity
(Tinkov et al. 2017). A review of studies dealing with the influence of cad-
mium on obesity is summarised in Table 1.

Compared to other metal ions with similar chemical properties, zinc is



1275

AKesse Aousroyje Suruwao] Auofoo pue Aesse-[,[JN Aq possosse se aansodxa

WNIWpPBDd YIIM S[[e9 J0j1uadord

+ZP) I03Je AJ[IQBIA [[99 JUSpUSdop-9SOp POSBAID A[IUBIYIUSIS pue sejho0dipe jo uoryeqnout 8002 O0A PUe NOOIW
LINE 30U 3NQ SIUSIOJUINOLD Koaans uoryendod 1002 ‘T8 19 SN -TTIMSYH
1STEM PUB S[OAS] WNTWPED US9MI9] UOIIB[ALIOD J0dIP JUBIYTUSIS
sjel o[eWa) T8 19 HNVH
STBWIUB [013U0D 93} 0} pareduwiod se JySem Apoq IoMO[ A[JUBIYTUSIS Ul JUaW)BaI) WNTWPED [BIO €003 s Z
gIoPD £q
Sutonput 1 [0TH PUB ZLATO | €008 ‘T8 3 NVH
so1400dIpe paje[nu)s-urnsur ur oyeidn 8s0on[s-(I-AY1oW-()-¢ POsBaIodp FLNTY JO [9A8] SUIATSSqO
souBIqUIDW PO 01 se1koodipe Jo T8 19 VA0SO
97400d1p® UO JU8IU0D FJ,()TY) U0 ansodxe py) JO JNSOI JUBOYIUSIS OU [ 2Insodxe 04710 U1 Jo SUIAISSqO €003 [¥ 39 VAOYOLY
uomn[[od Jo d3BL MO[ PUT YSTY YHLM SOLI031LL03 Ay Ul A9AINSSUTATIOSO 1003 ‘Te 30 ZOIMACYIVE -90IZN ]
SUIAT] USJP[IYD UI [9Ad] P POO[( PUB SSBW APO( U89MI(] UOIJB[ALI0D OU
“ToPD I0PD UM pojequout | 16 10 K]
M pajeqnout sajLoodrpe ut uorjonpord uryde] Ul sso] juspuedep-asop s91400d1pe JO SUIATOSO
£31A1300
Ul 9SBAIOUT SNOAUB)NWIS ‘UOTIOB 0 woneMpowysno soafoodipe Te 19
PLATO Wt : N Bov TLATO J Be[mpowy. e ur oxpeydn 0s00n[8 SUIALESO 9661 8 39 TVVHOV']
poreIpow st sojkoodipe 11-¢I,¢ Ul oxeidn 9s00n[s peonpurt p) : :
Aatpoe 1,NTH Jo Surdeys sej4o0dipe .
y3noayy pejerpew st s9jhoodipe [-¢[,¢ Ul oerdn asoon[s peonput p)) ut oye1dn 9s00N[3 SUIAILS|O 1661 [® 39 NOSRHVH
so14oodipe soj4o0dIpe Ul WSIoqejow
2 : : Co 9861 ‘Te 30 OLOWVINV X
ur 9s0on[s woay uonIsodwod “())) Ul [IMO0I3 paonpur-p)) juUBOyIustg 91BIPAYOQIBI UO P)) JO 109JJ0
Sur[eUSIS UINSUI 03 UBY) I0Yjed SUI[BUSIS +78)) posuryo | sojhoodipe 1T-¢, ¢ £q oxeldn N
0] pajeraa st s1sej4o0dipe ur oxeidn 8s0on[3 paonput-p)) 1eYy) sursodoxd 9800N[SAX00p-Z Ul 9SBAIOUT 9861 [® 39 ONVH
9s00N[3 WoIy soj4o0dipe 8 10 010
stsouaSodI] Jo 9l PISLaIIUT Uk A PIQLIOSOp SeM ‘[Hp)) 03 2Insodxo ur oye1dn 9s0on[s SUIAILSO V861 [€ 39 04 A
¥ g 4 It
UOTISN[OU0) [BIOUD Apn3s jo joalqn Apmgs MOTAD
sng [ D P13s Jo Joolqng JO TeD K Aoy

£91S9(0 U0 WNTWPED JO 9OUSNJUL SY) 0JUT SATPNYS JO MATIASY

1 °19BL




1276

Souo

SUI{OWS-Uou 9} UI JoU Jng ‘s}[npe SUIYOWS PUR ‘SIOFBUI) ‘USIP[IYO Aoaans uoryendod €103 ‘Te 70 YHUEaUIy
ur senfeA [INg pue p) AIBULIN U90MIO( UOIJBIIOSSE 9SIOAUL JUBIYTUSIS
Jursjows pue AJIOTUYIo
‘98r ‘xes ‘oyejuUI ASI0US B0} JI0J JUSUWISN(pe I3k J0U Jnq ‘AIIS9q0 JO Koaans uoryendod €103 YAONHIG-SNIZINY]
seoTpul oLrewodoliue pue aInsodxe py) U9IMIS( UOIJORIIUIL dAT)BSOU
TINg PU® S[AS] WNIWPERD POO[q Usamiaq Aduspuadep ou Koaans uoryendod €103 ‘Te 99 IAVHSITY]
urdifired £q pajeIpowW UOT)BPRISOP
prdi] pue sIseyjuAs pror £11B] paseaIdop YIIM pajleIoosse Jureq PO 03 se1koodipe jo aansodxo €103 ‘Te 30 INVMVMVY]
‘uotsseadxe UMsIsed pue ‘urosuodipe ‘Urde Ul 9sBaII9p JUBOYTUSTS 04710 U1 JO UOTIBAIIS(O
Agvdd pue odgH/0 /LVVID ‘s10jeanoe “TOPD 03 pesodxo 210z T8 10 aary
stsouedodipe Jo uorssexdxe o) peyIpowW AJUBOYIUSTS oansodxe p)) se3400dIpe JO FUTATOSO
S[OAS] WNIWPE) ATBULIN PUB [ U99M19] UOIIBIOSSE JUBIYIUSIS OU Koaans uoryendod 3103 ‘Te 10 NVNay
TING Ut 8ousIejjip
dnoxs jueoyIuSTs B Aq pozLIajdeIBd JOU 8I9M S[OAJ] P) POO[(q JUSIDIITP Koaans uoryendod 1103 ‘Te 30 NI x
1m o1doad jey) smoys sjusrjed STSATRIPOWSY O118(BIP SUIATSISAO
SIPAR[ PD Areutin Aoaans uoryerndod ‘Te 39 ANOg-T
Ul UOTIONPal JUBOYIUSIS B 1M PIIBIOOSSE SBM UO0IJONpal 1ySem ayj el Ltoe e k!
[NJ3utueaw 10U SBMINT YIIMm S[9AS] [BJOW oNssT) 9s0dIpe JO UOIJBII0SSB
‘senyeA [013U00 9} 0} paredwod sB SBWOAWOId] dULIdIN YIIMm sjuerjed Koaans uoryendod 0103 ‘Te 30 NIP
Jo onss1) 9s0dIp® UL POAISSO dJoM P)) JO S[OAS] J0YSTY A[JUBOYTUSIS
£31s0q0 JO SoorpuT Koaans uoryendod 01032 ‘Te 99 vITIav g
orrjewrodoayjue oYy 03 PosUI] A[OSIOAUL SBM WNIWPED JO [9AS] 93 :
S[eAd] uorssaxdxe
VNYJwnourejoxd Sutpulq-redusque/[yvD) pue ‘Agvdd ‘duosuery anss1) asodipe ur p) 0103 ‘Te 19 INVVMVY]
oyads-wreposeur/Touss 93400d1pe poseatdop AJUedyIusts aansodxe p)) JO UOT)BNWNIIE JO SUTAISS(O
L Koaans uoryerndod Te 39
sojaqeIp g odA] Ul JING YIIm Paje[ed A[JUBOYTUSIS a1am S[9AS] P)) POO[q el 0102 [¢ 30 40Ny
v g 14 L

T °[9e], "1uoo




1277

£9189¢0 U0 109JJ0 OU | S[0AS] P)) IIBY UBWNY JO ApnNjJs 9103 ‘Te 30 NHY
senyeA TN pu® S[PAd[ .
PO ATRULIn j0U INQ POO[q UM)S(] UOTJRIIOSSE 9AT}RIOU JUBIYIUSIS Aoams uonemdod 10z [¢ 39 NOS
N YSLI pasealoul £Aq PoZLI9joRIBYD 9I9M UOIJRIFUSIUO0D WNTUWIPLD i
Areunn ysStg ymm sonfea NG Loueusord-oad [eWIOU YITM USWOM Aoaams uonendod 4108 [ 30 ONVINOY
sIeak GT-g poSe S[IL3 Ul 90USI8JUWINIID Soaans uoyerndod 410z 8 30 WIS
diy pue jstem ‘TING I0YSIY YIIM PIJRIOOSSE aJom S[OAS] p)) Poo[q :
sauo
9$9(0-UOU UT JUBIYIUSIS 10U sBm dIYsUoI)B[ad Yons o[Iym‘siso10dosalso Koaans uoryerndod G103 NVH pue I0H))
UIIM POIRIIOSSE ATJUBOYTIUSTS 0J0M SO[BUW 9S00 UL S[9AS] WNTWPBI POO[q
£91809¢0
IIM OS[B INnq 1YSem Apoq [BUWLIOU [IIM 9SO} UBY] S[0AS] P)) ATeuLin Koaans uoryendod G103 ‘Te 39 aNnIO¥ag
postex AJY3I[s £q POLIOSOP o8 J[BUWIOJ JYSTOMIDA0 SUIOWS-UOU
S1894 ¢g -7 PISE USWIOM UL SIN[PA Aoaans uoryendod ¥103 ‘T8 19 VAVNIVIS
TINE pue juajuod py) ITey] Usamiaq UOIJR[oLI0D [NJSUTUBSW Jnq JeoMm B :
A3ororsAyd B 19 SNO
QWIOIPUAS JI[0BIOW PUR S9}9qRIP 03 UoT}Isodsipaid paseatour anss1) asodIpe U0 souULNPUIT 102 [ 39 SNONIIS
£3159¢0 U0 309JJ0 OU | S[0Ad] p)) IIBY UBWNY JO ApNJS ¥1032 ‘Te 10 SUANIAY-ZATVZNOY)
POUOASL SEM Koaans uoryendod €103 4] pue M4vg
7eJ APOQ PUB [0AS] WINIWPRD PoO[q Ueem)aq dIysuorje[ad JuBOYIUSIS Ou :
songea Kaaans uoryendod €102 ‘e 30 VZVIJ-ZaT1d ],
TING PU® S[eA9[ P)) ATBULIN USOMIO( UOIIBIIOSSE SATIBRIOU JUBOYTUSTS :
4 € 14 It

1 9[qR, "}u0d




1278

relatively innocuous. However, in the scientific literature there are reports of
toxic zinc activity on the human body. Exposure to this chemical element
causes an impaired immune response and the lowering of HDL cholesterol
levels in blood (P1oNTEK et al. 2014).The study exploring the zinc level in 706
individuals demonstrated that the level of zinc was significantly decreased in
obese subjects, while the level of copper was increased in these individuals.
Also, the superoxide-dismutase levels were lower in obese patients, which
shows a reduced antioxidant response in this group (TorRKANLOU et al. 2016).
Research dealing with relationships between zinc, iron and vitamins A, C, E
versus obesity in children proved that children who were overweight had lo-
wer concentrations of zinc and vitamins C and E in blood. Moreover, these
results of laboratory tests in obese children were associated with lipids,
inflammation and insulin resistance (Garcia et al. 2013).

In recent years, many studies have examined the effects of lead on adult
human organisms. It is believed that lead can indirectly cause elevated blood
pressure. Lead is nephrotoxic, it may cause renal dysfunction and develop-
ment of renal hypertension (GocH et al. 2005). Exposure to this chemical
element can be a reason of ventricular arrhythmias, myocardial infarction,
atherosclerotic plaque formation, bone marrow damage, lead neuropathy,
fertility disorders, and even cancer (Krzywy et al. 2010). Research investiga-
ting the relationship of blood lead level (BLL) with body mass index (BMI)
and obesity convinced the researchers that BLL was independently associa-
ted with BMI in women, but not in men. Increased quartiles of blood lead
levels were related to meaningly increased odds ratios of obesity in women.
(Wane et al. 2015). A study examinating if detectable BLL ( >1 pg dL) is
linked to the body size in very early childhood (ages 2-3 years) showed that
children with a detectable blood lead level had a 43% lower risk of body
mass index >85th percentile and a 0.35-unit lower BMI. (Cassipy-BusHrow et
al.2016). Further research into the link between lead exposure and body we-
ight in children, adolescent and adults also demonstrated that blood lead
levels are related to a lower BMI and obesity in children, adolescents and
adults (SCINICARIELLO et al. 2013).

CONCLUSIONS

There are many studies about relationships of heavy metals such as
manganese, barium, cobalt, cadmium, lead, zinc, iron, or copper with
the formation of obesity. Until now, the relationship and the mechanism
of action of cadmium leading to obesity have been demonstrated. As for other
heavy metals, further research is needed as not every study demonstrates
the association of these metals with obesity, especially in the case of cobalt
and lead. It has been shown that the presence of a lower concentration
of zinc and a higher concentration of copper in blood has the potential to
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increase the risk of obesity. However, it is necessary to know the mecha-
nisms of action of these elements leading to obesity.
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