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Association of Between Heavy Metal and
Trace Element Levels in Blood and

Cervical Mucus with Female Infertility

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: In fer ti lity af fects 10-15% of co up les du ring the rep ro duc ti ve pe ri od. Ovu-
la tory di sor ders are mo re com mon in yo un ger wo men whe re as unexp la i ned in fer ti lity oc curs mo -
re com monly in ol der wo men. Re cently, many en vi ron men tal agents, such as ci ga ret tes, al co hol,
he at, elec tro mag ne tic energy and ra di a ti on ha ve be en shown to ha ve ne ga ti ve ef fects on the rep -
ro duc ti ve system. En vi ron men tal fac tors and ex po su re to he avy me tals chan ge fer ti lity pat terns in
adults by af fec ting germ cell ma tu ra ti on, fer ti li za ti on and the en doc ri ne system. We ai med to in-
ves ti ga te the ef fect of tra ce ele ments and he avy me tals in blo od and cer vi cal mu cus on fe ma le in-
fer ti lity. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Study was per for med with 50 wo men: In fer ti le (n=35) and con trols
(n=15). Blo od and cer vi cal mu cus samp les we re col lec ted to me a su re Zn, Cu, Cd, and Pb le vels. RRee--
ssuullttss:: Me an blo od plas ma and cer vi cal mu cus Zn, Cd, and Cu le vels in the in fer ti le gro up we re
sig ni fi cantly lo wer than tho se in the con trol gro up. Who le blo od Pb le vel was hig her in the in-
fer ti le gro up com pa red to the con trol gro up. Alt ho ugh blo od Cd le vel ten ded to be hig her in smo -
kers and cer vi cal mu cus Cd le vel ten ded to be lo wer in con trols, ne it her of the se dif fe ren ce we re
sta tis ti cally sig ni fi cant. CCoonncc  lluu  ssii  oonn:: Lo wer le vels of plas ma and cer vi cal mu cus Zn and Cu we re
tho ught to re sult from hig her le vels of Cd and Pb in blo od and cer vi cal mu cus. Ab nor mal le vels
of he avy me tals in blo od and cer vi cal mu cus may ha ve ad ver se ef fects on the fe ma le rep ro duc ti -
ve func ti on. 

KKeeyy  WWoorrddss::  Cer vix mu cus; me tals, he avy; tra ce ele ments; in fer ti lity, fe ma le 

ÖÖZZEETT  AAmmaaçç:: İnfer ti li te, üre me ça ğın da ki çift le rin %10-15’ ini et ki le mek te dir. İle ri yaş lar da da -
ha yay gın ola rak açık la na ma yan in fer ti li te, genç ka dın lar da ise ovu la tu var ra hat sız lık göz len -
mek te dir. Son za man lar da, si ga ra, al kol, ısı, elek tro man ye tik ener ji ve rad yas yon gi bi çok sa yı da
çev re sel aja nın üre me sis te mi ne olum suz et ki si ol du ğu gös te ril miş tir. Çev re sel fak tör ler ve ağır
me tal le re ma ruz kal ma, germ hüc re ol gun laş ma sı nı, döl len me yi ve en dok rin sis te mi et ki le ye rek
eriş kin ler de do ğur gan lık du ru mu nu et ki le mek te dir. Bu ça lış ma da kan ve ser vi kal mu cus ta eser
ele ment le rin ve ağır me tal le rin ka dın in fer ti li te si üze ri ne et ki si ni araş tır ma yı amaç la dık. GGee  rreeçç
vvee  YYöönn  tteemm  lleerr::  Ça lış ma 35 in fer til ve 15 kon trol, top lam 50 ka dın ile ger çek leş ti ril di. Zn, Cu, Cd
ve Pb dü zey le ri ni ölç mek için kan ve ser vi kal mu cus ör nek le ri top lan dı. BBuull  gguu  llaarr:: Or ta la ma kan
plaz ma sı ve ser vi kal mu cus Zn, Cd, ve Cu dü zey le ri in fer til grup ta kon trol gru bu na gö re an lam -
lı ola rak dü şük tü. Tam kan kur şun dü ze yi in fer til grup ta kon trol gru bun dan da ha yük sek ti. Si ga -
ra içen ler de kan Cd dü ze yi da ha yük sek ve kon trol gru bun da ser vi kal mu cus Cd dü ze yi da ha
dü şük ol ma eği li min de ol ma sı na rağ men, her iki fark lı lık da is ta tis tik sel ola rak an lam lı de ğil di.
SSoo  nnuuçç:: Plaz ma ve ser vi kal mu cus Zn ve Cu dü zey le ri nin da ha dü şük ol ma sı, kan ve ser vi kal mu -
kus ta Cd ve Pb’un da ha yük sek ol ma sın dan kay nak lan dı ğı nı dü şün dür mek te dir. Kan ve ser vi kal
mu kus ta ağır me tal le rin anor mal dü ze yi nin ka dın üre me fonk si yo nu üze ri ne olum suz et ki si ola -
bi lir.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ser vi kal mu kus; me tal ler, ağır; eser ele ment ler; in fer ti li te, ka dın  
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nfertility affects 10-15% of couples during
the reproductive period.1 Ovulatory disorders
are more common in younger women,

whereas unexplained infertility occurs more
commonly in older women. Ovulatory (15%),
tuboperitoneal (35%), male factors (35%), unex-
plained (10%), and both male and female factors
(35%) are causes of infertility.2 Unexplained in-
fertility is a diagnosis introduced by excluding
other causes, and the prevalence ranges from 5 to
37% in different populations.3 Recently, many
environmental agents, such as cigarettes, alcohol,
heat, electromagnetic energy and radiation have
been shown to have negative effects on the re-
productive system. Environmental factors and
exposure to heavy metals change fertility pat-
terns in adults by affecting germ cell maturation,
fertilization and the endocrine system.4,5 Not
only the type of material, but also the exposure
time determines the effects of these factors on re-
productive health. Heavy metals may affect ovu-
lation and cause abnormal sperm production
based on their type, exposure duration and sever-
ity.6,7

Animal studies indicate a strong relationship
between fertility and a lack of Cu and Zn. Selenium
and Zn prevent damage from toxic metals such Cd
and Co.8,9 Cadmium and Zn can replace other met-
als in many vital enzymatic reactions and prevent
function.10 Lead and Cd cause glutathione exhaus-
tion and deterioration in the balance of free radi-
cals. Zinc provides protection against Pb and Cd
with its antioxidant properties.

Although numerous studies have demon-
strated effects of trace elements and heavy metals
on human health, their effects on female fertility
have not been fully explained. In contrast to ge-
netic causes, environmental and lifestyle factors
causing poor fertility are treatable and preventable.
Cervical and mucus factors should be considered
when investigating causes of infertility. In this
study, we measured the levels of Zn, Cu, Cd, and
Pb in whole blood (WB), blood plasma (BP), and
cervical mucus (CM) of infertile women and com-
pared with those of normal subjects.

MATERIAL AND METHODS
This study was performed at Eskisehir Osmangazi
University School of Medicine, Department of
Obstetrics and Gynecology, Center for Reproduc-
tive Health. Fifty cases (infertile group, n=35; con-
trol group, n=15) were included after obtaining
the permission of the Faculty Ethics Board. Ex-
clusion criteria were impaired sperm parameters,
users of hormonal contraceptives and intrauterine
devices.

Gynecological history was reviewed, and
physical and pelvic examinations were performed
in all cases. Patients were evaluated by measur-
ing follicle stimulating hormone (FSH), luteiniz-
ing hormone (LH), 17β-estradiol, prolactin and
thyroid stimulating hormone levels and obtain-
ing a transvaginal ultrasound on days 2-5 of men-
strual bleeding. Zinc, Cu, Cd and Pb levels were
measured in WB, BP, and CM in all cases. Blood
samples were obtained from patients for WB
(into EDTA-containing tubes) and BP [into he-
parin-containing tubes, followed by centrifuga-
tion (2000×g, 5 min), and the supernatants were
obtained].

Cervical mucous samples (1 mL) were col-
lected with an intrauterine insemination apparatus
(#4502-B; Gynetics Medical, Hamont Achel, Bel-
gium) connected to a tuberculin syringe before a
gynecological examination on days 14-21 of the
menstrual cycle. Samples were kept at -20°C until
analysis.

Heavy-metal analytical solutions were pre-
pared by dilution in distilled water. Organics were
removed by burning and applying acid. Cervical
mucus samples were prepared by adding acid (100
µL concentrated HNO3; Merck, Whitehouse Sta-
tion, NJ, USA) then diluting to a particular volume
with distilled water. The burning procedure was
applied initially to the WB samples at 600°C to con-
stant weight. After the burning procedure, 0.5 mL
of concentrated HNO3 and 0.5 mL of an acid mix-
ture (2% v/v HClO4/HNO3) were added. After this
procedure, the samples were incubated in a water
bath at 60°C, and the analytical solutions were pre-
pared. The final elemental analysis was performed
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TABLE 1: Comparison of duration of infertility, weekly intercourse, weight, height, body mass index, basal FSH and 
LH level, Zn, Cu, Pb and Cd levels of WB, BP and CM of infertile patients with control group. 

BMI: Body mass index; FSH: Follicle stimulating hormone; LH: Luteinizing hormone; Zn: Zinc; Cu: Copper; Pb: Lead; Cd: Cadmium; BP: Blood plasma; CM: Cervical mucus; WB: Whole

blood; SD: Standart Deviation; M: Median.

Infertile (n=35) (Average±SD)
M(25-75 percentiles)

Control (n=15) (Average±SD)
M(25-75 percentiles) p

Age(year) 29.23±4.39 28.67±4.97 0.704

Duration of infertility (year) 7.71±4.73 ---

Weekly intercourse (n) 3±1.05 2.86±0.64 0.562

Housewife (n) (30) 85% (12) 80% 0.683

Smoker (n) (4) 11.4% (4) 26.66% 0.220

Weight (kg) 65.85±11.02 67.66±11.77 0.614

Height (cm) 160.57±5.95 161.46±4.95 0.582

BMI (kg/cm2) 25.93±4.84 25.52±4.99 0.795

FSH(mIU/mL) 6.82±3.33 8.34±7.44 0.453

LH(mIU/mL) 5.55±3.47 4.96±2.44 0.490

Zn
BP µg/L 790.00 (632-947) 1560.00 (862-1720) 0.001

CM mg/L 10.90 (7.12-13.82) 32.40 (15.15-34.05) <0.001

Cu
BP µg/L 1408±455 1785±537 <0.001

CM mg/L 0.72±0.30 1.32±0.49 <0.001

Pb
WB µg/L 39.77±14.05 29.17±16.05 0.02

CM µg/L 17.26±5.05 16.11±4.35 0.420

Cd
WB µg/L 1.1 (0.93-1.25) 0.76 (0.60-1.38) 0.127

CM µg/L 14.10±3.04 11.47±3.22 0.008

with a polarized Zeeman atomic absorption spec-
trophotometer (Hitachi 180-70; Mountain View,
CA, USA).

STATISTICAL ANALYSES

The SPSS software (SPSS 13, Chicago, IL, USA) was
used for analyses. Descriptive parameters are pre-
sented as means±standard deviation, median (25th-
75th percentiles) or as percentages. Two-sided
t-tests was used to analyze the differences in means
of continuous variables in two groups when the
variables were normally distributed. If variables
were non-normally distributed, Mann-Whitney U-
test was used. When there were more than two
groups, one way ANOVA and Kruskall Wallis tests
were used, respectively and Bonferroni correction
was used for multiple comparisons (α*=0.05/
3=0.017). Fisher’s exact test (two-sided) and chi-
square test were used when comparing the propor-
tions between groups. Pearson correlation analysis
was conducted to determine the association be-

tween infertility parameters, heavy metals and
trace elements. A p-value of <0.05 was considered
significant.

RESULTS

Thirty (85.71%) and 12 (80%) housewives were in
the infertile and control groups, respectively. The
mean infertility period, weekly intercourse,
weight, length, body mass index, and baseline FSH
and LH levels were similar in patients and control
subjects (Table 1). 

Zinc and Cu levels in the BP and CM of the in-
fertile group were lower than those in the control
group. However, Pb levels in the WB were higher
in the infertile group than those in control subjects.
Lead levels in the CM and Cd levels in the WB
were not significantly different between the
groups. However, mean Cd level in the CM was
higher in the infertile group compared to the con-
trol group (Table 1).



Trace 
elements

Types of Infertility

Ovulatory factor 
(n=12) (Average±SD) 
M(25-75 percentiles)

Tubal factor
(n=10) (Average±SD)
M(25-75 percentiles)

Unexplained
(n=13) (Average±SD)
M(25-75 percentiles)

Control
(n=15) (Average±SD)
M(25-75 percentiles)

General p Multiple
Comparison p

Age (year) 30±5.1 31.1±3.58 27.08±3.55 28.67±4.97 0.453

Zn

BP µg/L 880 (715-910) 840 (690-980) 640 (607-952) 1560 (862-1720) 0.009
p1=0.253
p2=0.186
p3=0.008

CM mg/L 11.2±3.59 12.99±7.61 10.07±4.34 26.43±10.56 0.008
p1<0.001
p2=0.004
p3=0.001

Cu

BP µg/L 1602±496 1578±537 1099±281 1785±537 0.002
p1=0.573
p2=0.452
p3=0.001

CM mg/L 0.64±0.26 0.77±0.25 0.75±0.37 1.32±0.49 0.001
p1<0.001
p2=0.004
p3=0.001

Pb
WB µg/L 38±13 40±10.4 41±17 29±16 0.245

CM µg/L 19±5.3 17±5.1 15.4±4.3 16.1±4.3 0.362

Cd

WB µg/L 1.08±0.34 1.13±0.43 1.15±0.31 1±0.54 0.144

CM µg/L 14.5±3.2 14.5±3.2 13.3±2.5 11.4±3.2 0.001
p1=0.012
p2=0.021
p3=0.124

The infertile cases were divided into three
subgroups: Ovulatory, tubal, and unexplained in-
fertility. A comparison according to infertility
type revealed that mean Zn and Cu levels in the
BP of the unexplained infertility group were
lower than those in the controls (Table 2). Fur-
thermore, mean Zn and Cu levels in the CM were
lower in all three infertile subgroups compared to
the controls. In contrast, Pb levels in BP and CM
were not significantly different among the groups.
Cd level in CM was significantly higher in cases of
ovulatory and tubal disorders compared to the
control group.

Eight smokers (16%) and 42 non-smokers
(84%) were also evaluated for Zn, Cu, Cd and Pb
levels in blood and CM. Cd level in WB was higher
in smokers, whereas it was lower in CM of smok-
ers. No significant difference was observed when
the Zn, Cu, Cd, Pb levels in WB and CM were com-
pared according to smoking status, infertility (pri-
mary vs. secondary) or age (20-29 vs. 30-42 years).

The correlation analysis showed that Zn level
in CM was significantly positively correlated with
Cu level in CM (p=0.002, r=0.42), whereas a nega-
tive correlation was observed between the Pb level
in WB and the Zn level in BP and CM (p=0.042, r=
-0.29; p=0.008, r=-0.37, respectively). Negative cor-
relations were detected between the Zn level in BP
and the Cd level in WB and CM (p=0.001, r=-0.47;
p=0.001, r=-0.55, respectively; Figures 1, 2) and be-
tween the Zn level in CM and the Cd level in WB
(p=0.005, r=-0.39).

DISCUSSION

This is the first study to show that Cd and Pb lev-
els in CM and BP differ in infertile and fertile
women. The results appear valid; most of the pa-
tients were housewives and had no history of di-
rect exposure to chemicals or heavy metals.

Rükgauer et al. studied plasma trace element
reference values in different age groups, and the
plasma Zn level was 16.6 mmol/L (1085 mg/L).11 In

TABLE 2: Comparison of Zn, Cu, Pb, Cd levels of WB, BP and CM of infertile subgroup patients with the control group. 

Zn: Zinc; Cu: Copper; Pb: Lead; Cd: Cadmium; BP: Blood plasma; CM: Cervical mucus; WB: Whole blood; SD: Standart Deviation; M: Median; p1: Between ovulatory factor and con-

trol groups, p2: between tubal factor and control groups, p3: between unexplained and control groups.
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our cohort, mean Zn levels in BP were 790 mg/L
in infertile group and 1560 mg/L in the control
group. Furthermore, mean plasma Zn levels were
lower in the infertility subgroups than those in the
control group, and a significant decrease was ob-
served in the unexplained infertility group. Al-
though a limited number of studies have reported
Zn levels in BP, our findings are consistent with
the literature.9,11-15 In previous studies, Zn levels
were measured as the dry weight of CM.12,16 The

only study on this topic was conducted by Chuang
et al. in fertile patients, and Zn levels were 10.9
mg/L and 32.4 mg/L in the CM of infertile and con-
trol groups, respectively.17 In that study, CM Zn
levels were 11.2±3.59 mg/L in patients with ovula-
tory disorders, 10.0±4.3 mg/L in patients with un-
explained infertility, and 12.99±7.6 mg/L in
patients with tubal disorders. Again, all three
groups had significantly lower CM Zn levels than
those in a control group. In our study, the Zn level
in the CM was lower (<60 mg/L) than that reported
by Chuang et al.17 

The Cu levels in BP tended to be lower in all
three infertility subgroups than the control group,
but a significant difference was observed only in
the unexplained infertility group. The Cu levels in
BP were consistent with the literature.11-13,15,18 In
previous studies that examined Cu in CM, the CM
Cu levels were similar with those in the present
study.17,19

Chang et al. found that average Pb levels in
blood were 35.5±14 μg/L in infertile and 27.8±21
μg/L in fertile women.20 In the present study, the
Pb levels in WB were 39.8±14 μg/L and 29.2±16
μg/L in the infertile and control groups, respec-
tively. Lead levels in CM were similar in the infer-
tile (17.3±5 μg/L) and control (16±4.4 μg/L) groups.
Our findings were also similar to the blood Pb lev-
els previously reported for infertile cases.20,21 Cer-
vical mucus Pb levels were 19.3±5.3 μg/L in those
with ovulatory disorders, 17.2±5.1 μg/L in those
with tubal factors and 15.4±4.3 μg/L in those with
unexplained infertility.

Cadmium levels in WB were 1.1 (0.9-1.2) μg/L
and 0.76 (0.60-1.38) μg/L in the infertile and con-
trol groups, respectively. Whole blood Cd levels
were 1.08±0.34 μg/L in patients with ovulatory
dysfunction, 1.13±0.43 μg/L in patients with tubal
factors and 1.15±0.3 μg/L in patients with unex-
plained infertility. McKelvey et al. reported that
the mean blood Cd level was 0.79 μg/L in
women.21 In present study, the CM Cd levels were
14.1±3 μg/L and 11.47±3.2 μg/L in the infertile and
control groups, respectively. Cervical mucus Cd
levels were 14.5±3.2 μg/L, 14.5±3.2 μg/L and

FIGURE 1: The correlation graphic between the zinc level of blood plasma
and cadmium level of whole blood (p=0.001, r:-0.47). 

FIGURE 2: The correlation graphic between the zinc level of blood plasma
and cadmium level of cervical mucus (p=0.001, r:-0.55).



13.3±2.5 μg/L in women with ovulatory disorders,
in women with tubal factor and in women with
unexplained infertility, respectively. In a study
performed in Taiwan, the CM-Cd level was
29.7±40.43 μg/L, and no change in Cd levels was
found according to age.17 Also in this study, no dif-
ference was detected for Cd levels in WB and CM
according to age. 

Previous reports showed no correlation be-
tween Zn and Cu levels in BP and CM or between
Zn levels in BP and CM in reproductive women.12,22

A positive correlation was detected between blood
levels of elements other than Pb and a transition of
them into CM. BP and CM were significant in
terms of Zn level, whereas Cu and Cd were not sig-
nificant. The levels of Zn and Cu in BP reflected
the level of these elements in CM. Zinc and Cu are
required by organisms, and a positive correlation
between these elements occurs. However, the
harm caused by Cd and Pb is well known, and a
negative correlation exists between Zn and Cu, and
Cd and Pb. It may be concluded that while Zn and
Cu have positive effects on fertility, Cd and Pb have
negative effects. Cd and Pb levels were higher in

infertile woman when compared to the control
women; however, it is unclear what effect this had
on infertility. Thus, larger prospective studies are
needed in infertile women.

CONCLUSION

Zinc and Cu levels were lower and Cd levels were
higher in infertile women compared to the con-
trol subjects. In particular, patients in the unex-
plained infertility subgroup had a significant
association between Zn and Cu levels. Cadmium
in CM was higher in infertile women compared to
the controls, particularly in the ovulatory and
tubal infertility subgroups. The effects of these el-
ements must be considered in the etiology of in-
fertility. More studies are needed to validate these
novel findings.
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