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ABSTRACT

Background: lead (Pb) is one of the occupational toxicants and is used as a petrol additive to reduce engine spark 
knock. Pb in the environment may result from natural or industrial sources. In humans, leaded petrol can cause various 
biological effects depending on the level and duration of the exposure. The aim of this study was to explore the effect 
of occupational Pb-exposure on calcium homeostasis markers and to verify the possible correlation.
Methods: 100 petrol station workers were selected for the Pb-exposed group, with an equal number of non-exposed 
subjects chosen as control group. Venous blood samples were collected from both groups and standard procedures 
were used to measure the biochemical parameters. 
Results: the study most relevant results were: the Pb-exposed group showed higher plasma Pb and parathyroid 
hormone (PTH) levels, and lower levels of total calcium, vitamin D, calcitonin, phosphorus, albumin, and total protein 
compared to the control group. The results of multivariate general linear model (GLM) analysis showed a significant 
total variability (all dependent variables) attributable to Pb-exposure (partial η2 = 0.707, p <0.001).  Between-subjects 
effects test showed the largest effect of plasma Pb on PTH and vitamin D (partial η2 = 1.00, p <0.001).
Conclusion: the results suggest that elevation in the plasma levels of Pb is associated in the Pb-exposed subjects to 
decreased levels of all studied markers of calcium homeostasis, except PTH, compared to the control group.
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INTRODUCTION

Workers at their workplace may be exposed to a wide 
range of harmful effects, including chemical substances, 
physical hazards, and psychological factors that can 
significantly cause various occupational diseases, 
including respiratory and musculoskeletal disorders 
and cancer (1-4). Chemical substances, have also the 
potential to interfere with the human endocrine system 
(5,6). Lead (Pb) is one of oldest known occupational 
chemical hazard; it has become widely distributed and 
mobilized in the environment because of uncontrolled 
use. People can be exposed to Pb through the inhalation 
of Pb-containing vapors, gases, and dust as well as the 
ingestion Pb-contaminated food (7). Upon exposure, Pb 
is transported into blood and soft tissues, then into the 
bone. Pb accumulates mainly in erythrocytes, soft tissues 
such as kidneys, brain and bone marrow, and mineralized 
tissues such as teeth and bones (8). 

Pb blood concentration has been associated with 

numerous adverse health consequences and has 
become a global health concern (8). Unlike calcium 
(Ca), Pb is not an essential element (has no established 
biological functions) and does not have a well-known 
toxicity limit. On the opposite, Ca is an essential 
element  with fundamental roles in a number of important 
physiological function such as signaling and bone 
mineralization. Serum Ca level is maintained under 
tight homeostatic control and influences the activity and 
function of parathyroid hormone (PTH), vitamin D and 
phosphate. The close and complex association between 
Pb and Ca metabolism has been recognized for years. 
Both elements have similar metabolic characteristics 
because of their similar biochemical nature as divalent 
cations. However, compared to Ca, Pb has larger ionic 
radius, greater electronegativity and irregular charge 
distribution in the electron cloud which allow it to bind 
with greater affinity than Ca to the protein binding sites, 
resulting in impairment of physiological regulatory 
function of Ca. Biochemically, a number of mechanisms 
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have been suggested to explain how Pb can disrupt Ca 
and phosphorus homeostasis, but the main process is 
the inhibition of the metabolic activation of vitamin D 
pathway. This includes the conversion of the inactivated 
form (25-hydroxychole calciferol) to the activated form 
(1 25-dihydroxychole calciferol) by 1 α-hydroxylase in 
the renal tubules, which in turn reduces its absorption 
from the intestine and renal tubules, eventually causing 
hypocalcaemia and hypophosphatemia (9,10). Recent 
studies have shown that even low grade of Pb-exposure 
is associated with kidney dysfunction (11,12).

Most petrol stations in Iraq use Pb-containing petrol. 
A study on plasma Pb levels and related biochemical 
changes can provide important information to facilitate 
appropriate changes in the working environment of petrol 
stations. The aim of this study is to assess plasma Pb 
levels and investigate the effects of Pb exposure on 
calcium homeostasis markers and total proteins in petrol 
station workers.

METHODS

Study duration

The duration of the study was 10 months (June 
2022-April 2023), while the sample collection took place 
from June to August 2022. 

Study population

The aim of the study was explained to the participants 
in details after obtaining the informed consent from each 
subject prior to the study. Additionally, the study was 
approved by the scientific and medical ethics committee 
of the College of Pharmacy at Mustansiriyah University. 
During the study, the Declaration of Helsinki dated 1975, 
as amended in 2013, was respected and applied. Subject 
selection was based on a pre-proposed questionnaire, 
which included details of socioeconomic status, medical 
history (including vaccinations, medications, prior illness), 
lifestyles (smoking and alcohol intake), and occupational 
exposure to Pb (working hours per day and years of 
exposure). Subjects who smoked more than 5 cigarettes 
per day and consumed at least 3 glasses of alcoholic 
drinks per week in the past 12 months were categorized 
as smokers and alcohol consumers, respectively, in both 
Pb‑exposed and control groups. Subjects with diabetes 
mellitus, hypertension, a history of major illness, recent 
surgery, chronic diseases affecting vitamin D status or 
those taking medications causing vitamin D deficiency 
were excluded from the study. Subjects before and during 
the study exposed to sunlight five times a week for about 
20 min per day (i.e. 100 min each week): this exposure is 
considered adequate for sufficient vitamin D production 
by the skin. A total of 200 subjects have been enrolled in 
the study: 100 in the Pb-exposed group and 100 in the 
control group. 

Pb-exposed group

The subjects in this group were petrol station workers, 
with age ranging from 33 to 38 years and Pb exposure 

durations ranging from 7 to 10 years, with a daily 
exposure of 7 hours.

Control group

The subjects in this group were selected from the 
general population with no history of occupational 
exposure to Pb at the workplace. The age of subjects 
in this group ranged from 32 to 37 years, and their 
socioeconomic status was similar to that of the Pb-
exposed group.

Sample collection

Blood samples from Pb-exposed subjects and control 
subjects were coded upon collection to prevent potential 
bias. Approximately 8 mL of venous blood was collected 
from each subject. 3 mL was collected in EDTA vacuum 
tubes for the determination of plasma Pb level. The 
remaining 5 mL was transferred into a plain tube and 
centrifugated at 2,500 rpm for 10 min to extract serum. 
The isolated serum was used to measure biochemical 
parameters including serum Ca, phosphorous, 
25OH‑Vitamin D, calcitonin, PTH, total proteins and 
albumin. All samples were frozen at - 40 oC until analysis.

Plasma lead determination

The plasma Pb level was determined using graphite 
furnace atomic absorption spectrophotometer according 
to the method described by Parson et al. (13). 

Biochemical parameters

Serum total Ca, phosphorus, albumin, and total 
protein were measured using a fully-automatic analyzer, 
Cobas C111 analyzer (Roche Diagnostics, USA). Serum 
vitamin D, calcitonin, and PTH were measured using a 
Cobas e411 analyzer (Roche Diagnostics, USA).

Statistical analysis

Sample size for the study was calculated using G 
power 3.1.9.4 software. The calculation indicated that a 
sample size of 100 for each group in a case-control study 
with an alpha error of 0.05, provides 96.9% power with an 
effect size of 0.5.

The data were analyzed using Statistical Package for 
Social Sciences (SPSS 22). To assess the differences 
between controls and exposed subjects, Student’s t-test 
was utilized. Additionally, differences in age, body mass 
index (BMI), smoking and alcohol consumption were 
evaluated using Chi-square test. Results were considered 
significant when the probability (P-value) was less than 
0.05. Mean values and their corresponding standard 
deviations (SD) or frequency were used to express the 
results.

Multivariate general linear model (GLM) analysis 
(two-way MANOVA) was employed with the Ca 
homeostasis markers as dependent variables,  
Pb-exposure/non exposure, smoking status, and  
Pb-exposure/non-exposure x smoking status (interaction 
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term) as explanatory variables, and Pillai’s value are 
reported for the analysis. Consequently, we used tests 
for between-subjects effects to assess which dependent 
variables were significantly associated with the significant 
explanatory variables. Before two-way MANOVA, we 
checked the assumption for MANOVA using Kolmogrov-
Smirnov test for normality, Mahalanobis distance test for 
outliers in the data, Leven’s test for homoscedasticity, 
and Pearson Correlation for multicolinearity.    

When checking the assumptions of the two-way 
MANOVA test, we found that the data showed non-
normally distribution (based on a Kolmogrov-Smirnov 
test, p-value <0.001 for all dependent variables). 
However, MANOVA test can be performed even when 
data violate the assumption of normality as MANOVA 
is considered to be a robust method (14). Furthermore, 
Mahalanobis distance test suggested two outliers in the 
data. As MANOVA is highly sensitive to outliers, the two 
significant outliers were excluded. Due to non-normal 
distribution of the data, Leven’s test was applied to 
check for homoscedasticity of the covariance matrices; 
dependent variables suggested variance heterogeneity 

(p-value <0.001 for all dependent variables). Although, 
if sample sizes are equal, heterogeneity is not an issue 
as Tabachnick et al. reported about the violation of this 
assumption (15). The correlation coefficients between 
each two variables in dependent variables (total Ca, 
PTH, vitamin D, calcitonin, phosphorus, albumin, total 
protein) were less than 0.8, indicating no multicollinearity.

RESULTS

The results are presented in Tables 1–4. Table 1 
displays demographic details, including age, BMI, daily 
exposure to Pb, exposure to Pb per year, the number of 
smokers and number of subjects who consume alcohol 
among studied participants. In Table 2, it is evident that 
the mean plasma Pb and PTH levels were higher in Pb-
exposed workers compared to control group, and these 
differences were found to be statistically significant (p 
<0.001). Conversely, the levels of total calcium, vitamin 
D, calcitonin, phosphorus, albumin and total protein in Pb-
exposed worker were lower than those in control group, 
and the differences were also significant (p <0.001). 

Table 1
Demographic details of the study subjects (n=200)

Demographic factors Pb-Exposed (n=100)
Mean (SD) /frequency (percentage)

Control (n=100)
Mean (SD) /frequency (percentage)

p

Age (year) 35.5 (1.50) 35.20 (1.47) 0.1567

BMI (Kg/m2) 26.04 (0.24) 26.00 (0.22) 0.2206

Daily exposure to Pb 
(hour)

7 - -

Exposure to Pb (year) 8.58 (0.76) - -

Smoking:
Yes
No

45 (45%)
55 (55%)

35 (35%)
65 (65%)

0.1489

Alcohol-Consumption:
Yes
No

52 (52%)
48 (48%)

27 (27%)
73 (73%)

0.0002

Table 2
Comparison of plasma lead (Pb) levels, serum total calcium, PTH, vitamin D, calcitonin, phosphorus, albumin and total protein 
levels between Pb-exposed subjects and control subjects

Parameters Reference interval Pb-Exposed (n=100)
Mean (SD)

Control (n=100)
Mean (SD)

p 

Lead (µg/L) 0-145.8 514.0 (95.8) 118.2 (17.4) <0.001

Total Calcium (mmol/L) 2.2-2.59 2.13 (0.13) 2.39 (0.05) <0.001

PTH (ng/L) 10-65 61.41 (8.70) 45.35 (4.97) <0.001

Vitamin D (µg/L) >20 21.77 (6.23) 32.64 (6.80) <0.001

Calcitonin (ng/L) 0-11.8 13.20 (1.18) 15.93 (1.69) <0.001

Phosphorus (mmol/L) 0.8-1.5 1.08 (0.1) 1.26 (0.07) <0.001

Albumin (g/L) 35.0-50.0 38.1 (1.9) 41.2 (1.8) <0.001

Total protein (g/L) 60.0-80.0 68.3 (1.2) 70.8 (1.8) <0.001



CONTRIBUTI SCIENTIFICI SCIENTIFIC PAPERS

4           biochimica clinica, 2024

Table 3
Comparison of plasma lead (Pb) levels, serum total calcium, PTH, vitamin D, calcitonin, phosphorus, albumin and total protein 
levels between smokers versus non-smokers and alcohol consumers versus non-alcohol consumers in Pb-exposed subjects 

Parameters Non-smokers 
(n=55)
Mean (SD)

Smokers (n=45)
Mean (SD)

p Non-alcohol 
consumers (n=48)
Mean (SD)

Alcohol consumers 
(n=52)
Mean (SD)

p

Pb 
(µg/L)

486.2 (80.8) 536.8 (101.6) 0.007 490.9 (88.1) 539.0 (98.3) 0.012

Total Calcium 
(mmol/L)

2.16 (0.14) 2.11 (0.11) 0.083 2.14 (0.11) 2.12 (0.12) 0.387

PTH 
(ng/L)

58.02 (7.87) 64.17 (8.43) 0.001 58.86 (7.49) 64.16 (9.15) 0.002

Vit. D 
(µg/L)

23.58 (6.34) 20.28 (5.78) 0.009 21.82 (5.74) 21.70 (6.78) 0.925

Calcitonin (ng/L) 13.22 (1.15) 13.17 (1.22) 0.826 13.21 (1.08) 13.17 (1.29) 0.868

Phosphorus 
(mmol/L)

1.06 (0.05) 1.1 (0.13) 0.049 1.07 (0.05) 1.1 (0.14) 0.059

Albumin (g/L) 38.2 (1.5) 38.0 (2.1) 0.469 38.0 (1.5) 38.1 (2.1) 0.814

Total protein (g/L) 68.1 (1.0) 68.4 (1.3) 0.156 68.2 (1.1) 68.4 (1.3) 0.358

Table 3 shows the results of Pb and biomarkers 
related to Ca homeostasis according to smoking and 
alcohol consumption. A significant increase of Pb, PTH 
and phosphorus levels and a decrease of vitamin D in 
smokers compared to non-smokers were observed. 
Among alcohol consuming subjects, Pb and PTH levels 
were significantly higher in alcohol consumers than in 
non-alcohol consumers.

The results of multivariate GLM analysis (two-way 
MANOVA) with the Ca homeostasis markers as dependent 
variables and Pb-exposure/non exposure, smoking 
status, and Pb-exposure/non exposure x smoking status 
(interaction term) as explanatory variables are presented 
in Table 4. The analysis showed a strong effect of Pb-
exposure/non exposure on all measured biomarkers and 
partial η2 represents the proportion of total variability 
(all dependent variables) attributable to Pb-exposure/
non exposure (partial η2 = 0.707, p <0.001). Smoking 
status has a small and statistically significant effect on 
all measured biomarkers (partial η2 = 0.129, p <0.008). 
Pb-exposure/non exposure x smoking status (interaction 
term) has a small and statistically significant effect on all 
measured biomarkers (partial η2 = 0.218, p = <0.001).

To explore which biomarkers were affected by the Pb-
exposure/non exposure, smoking status, and Pb-exposure/
non exposure x smoking status (interaction term), the 
between-subjects effects are presented in the second 
part of the table. The results showed that all biomarkers 
were affected significantly by Pb-exposure/non exposure 
and the largest effects was on PTH and vitamin D (partial 
η2 = 1.00, p<0.001); calcitonin was affected significantly 
by the smoking status (partial η2 = 0.044, p=0.016); 
calcitonin (partial η2 = 0.485, p<0.001) and phosphorus 
(partial η2 = 0.361, p<0.001) were affected significantly by 
Pb-exposure/non exposure x smoking status (interaction 
term).

DISCUSSION

A number of biochemical alterations related to organ 
dysfunction have been attributed to the occupational 
toxicant Pb. At the same time, endocrine disorder 
has also been associated with this pervasive toxicant 
(16), for example, its role in calcium homeostasis and 
phosphorus metabolism via its impairment of vitamin D 
metabolism (17-19). It is not clear whether the decrease 
in serum phosphorus level is due to impaired absorption 
of phosphorus or to the increase of renal wasting of 
the element. The increase of plasma Pb level and the 
decrease of total Ca and phosphorus levels have been 
reported as evidence of endocrine dysfunction in people 
occupationally exposed to Pb (19). The results of our 
study on Ca levels are in agreement with other studies on 
the topic (10,19)  and  the inverse correlation of total Ca 
and vitamin D with Pb levels is one of the main findings 
in Pb-exposed group in agreement with other studies 
(20). The finding has been explained by the disruption 
of the renal hydroxylation of vitamin D due to high blood 
Pb levels, since Pb inhibits the synthesis of calcitriol 
resulting thus in a decrease in Ca absorption in the 
intestine and its reabsorption in renal tubules (19), and 
in an increase of serum PTH. Actually, has been reported 
that around 41% of Pb-exposed subjects show high PTH 
levels (21); the authors of the study postulate that PTH 
secretion was significantly stimulated in Pb-exposed 
workers to maintain the normal serum Ca level in those 
subjects. The present study is also in agreement with  
the results reported in the meta-analysis    by Kuldip et 
al. (22)  where  the inverse relationship between chronic 
Pb exposure and Ca homeostasis markers is explicit. 
Chronic occupational exposure to Pb can also increase 
serum alkaline phosphatase (23), probably because 
this enzyme hydrolyses  phosphate esters and releases 
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Table 4
Results of multivariate GLM analysis (two-way MANOVA) and the between-subjects effects with the studied biomarkers 
(total calcium, PTH, vitamin D, calcitonin, phosphorus, albumin, total protein) as dependent variables while Pb-exposure/non 
exposure, smoking status, and Pb-exposure/non exposure x smoking status (interaction term) as explanatory variables in 
Pb-exposed and normal control subjects

Tests Dependent Variables Explanatory Variables F-Ratio Df p Partial η2

Multivariate All Biomarkers 
(total calcium,
PTH,
vitamin D,
calcitonin,
phosphorus,
albumin,
total protein)

Pb-exposure/non 
exposure

7.29 780.00 <0.001 0.707

Smoking 3.08 125.00 0.008 0.129

Pb-exposure/non 
exposure x Smoking

1.57 780.00 <0.001 0.218

Between-subjects 
effects

Total calcium Pb-exposure/non 
exposure

68.00 43 <0.001 0.957

Smoking 0.19 1 0.658 0.002

Pb-exposure/non 
exposure x Smoking

0.30 23 0.999 0.052

PTH Pb-exposure/non 
exposure

15232139.25 43 <0.001 1.00

Smoking 0.00 1 1.00 <0.001

Pb-exposure/non 
exposure x Smoking

0.37 23 0.996 0.062

Vitamin D Pb-exposure/non 
exposure

9515232.26 43 <0.001 1.00

Smoking 0.00 1 1.00 <0.001

Pb-exposure/non 
exposure x Smoking

0.37 23 0.996 0.062

Calcitonin Pb-exposure/non 
exposure

49.45 43 <0.001 0.942

Smoking 5.99 1 0.016 0.044

Pb-exposure/non 
exposure x Smoking

5.33 23 <0.001 0.485

Phosphorus Pb-exposure/non 
exposure

20.68 43 <0.001 0.872

Smoking 2.68 1 0.104 0.020

Pb-exposure/non 
exposure x Smoking

3.19 23 <0.001 0.361

Albumin Pb-exposure/non 
exposure

4.46 43 <0.001 0.596

Smoking 1.03 1 0.310 0.008

Pb-exposure/non 
exposure x Smoking

1.07 23 0.377 0.160

Total protein Pb-exposure/non 
exposure

4.55 43 <0.001 0.601

Smoking 3.36 1 0.069 0.025

Pb-exposure/non 
exposure x Smoking

1.03 23 0.432 0.154

Df, degrees of freedom
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inorganic phosphate (24). The positive correlation 
between plasma Pb  and phosphorus levels may be due 
to the increased activity of alkaline phosphatase. 

Low level of total proteins in serum usually co-
occurs with low albumin level (25). In the present study, 
the significantly decrease in serum albumin and total 
proteins among Pb-exposed workers when compared 
with control group  agrees with  the results of  previous 
studies (26,27).  Thus, determination of total proteins and 
albumin can be helpful to identify the dysfunction in the 
liver organ in Pb-exposed workers. 

Mean serum calcitonin and vitamin D levels were 
decreased in Pb-exposed workers compared to non-
exposed subjects. Calcitonin stimulates the synthesis 
of active form of vitamin D, which in turn, reduces the 
synthesis of calcitonin (28). It is however fundamental to 
investigate further on the relationship between calcitonin 
and vitamin D. 

Previous studies (10,29), demonstrated that the 
blood Pb levels were substantially higher in smokers and 
alcohol drinkers than in non-smokers and non-alcohol 
drinkers in Pb-exposed workers. The same results were 
obtained in the present study; furthermore, we observed 
that a large percentage of smokers Pb-exposed subjects 
show  low total calcium (41%) and high PTH (40%) 
Among the effects produced by smoking, besides the 
influence on  plasma Pb, we can mention the lowering 
of  vitamin D level, observed in this study and in previous 
literature (30) and the  increase of PTH level.  This 
mechanism is not completely understood, but increase in 
PTH level is expected as a compensatory effect caused 
by the reduction of the level of vitamin D (31). Indeed, 
an alteration of vitamin D-PTH axis has been detected 
in smokers (32). A final association is the one related 
to plasma Pb and serum PTH elevation in Pb-exposed 
subjects which were also alcohol consumers. 

The analysis  of a single blood measurement of 
Pb is not an ideal biomarker for chronic Pb exposure, 
because Pb can disrupt numerous cellular functions in 
bone cells both directly and indirectly. Furthermore, due 
to the limitations of blood lead levels as a dependent 
variable, we included smoking as a factor in our analysis 
of associations between lead exposure and biomarkers 
of Ca homeostasis. To elucidate the possible mechanism 
by which Pb and/or smoking may influence the levels of 
Ca homeostasis biomarkers, we conducted MANOVA 
analysis in Pb-exposed and control subjects. The result 
indicated that Pb-exposure/non exposure, smoking, and 
Pb-exposure/non exposure x smoking status (interaction 
term) could impact biochemical functions within the body. 
Notably, we found an important decrease in the proportion 
in the total variability of all dependent variables attributed 
to plasma Pb after adjustment for smoking. This finding 
suggests that the effects of smoking may be partially 
linked to enzymatic and hormonal activity/production 
involved in Ca homeostasis, alongside Pb role as a 
possible endocrine disruptor.

The findings of this study may require further 
comprehensive studies conducted in vivo and in vitro, as 
well as longitudinal assessment at multiple time points 
involving subjects with occupational Pb exposure. This 

will help us to expand our understanding of the role of Pb 
in Ca homeostasis biomarkers. 

Among the limitations of the study, we can mention 
that only male subjects have been enrolled and that, due 
to financial constraints, the effects of Pb exposure on 
hematological parameters, have not been investigated.

CONCLUSION

Occupational exposure to Pb is commonly associated 
with wide-ranging of different health problems. This study 
found that Pb exposure significantly decreased serum 
total Ca, vitamin D, calcitonin, phosphorus, albumin, 
and total proteins but increased serum PTH in exposed 
subjects. A regular assessment of Ca homeostasis 
markers should be performed to observe the toxic 
effects of Pb. Therefore, for the early detection of Ca 
homeostasis disturbance in occupational Pb exposure, it 
is suggested to investigate total calcium, PTH, vitamin 
D, calcitonin, phosphorus, albumin and total proteins as 
biochemical indicators of exposure to Pb. The overall 
results indicated that people working in petrol stations  
are at risk to absorb an excessive amount of  Pb and 
are thus exposed to Pb toxicity which adversely affects 
calcium homeostasis markers.

ACKNOWLEDGEMENTS

The authors would like to thank Mustansiriyah 
University (www.uomustansiriyah.edu.iq) Baghdad-Iraq 
for the support in the present work.

REFERENCES

1.	 Rai R, El-Zaemey S, Dorji N, Rai BD, Fritschi L. Exposu-
re to occupational hazards among health care workers in 
low-and middle-income countries: a scoping review. Int J 
Environ Res Public Health 2021;18:2603.

2.	 Che Huei L, Ya-Wen L, Chiu Ming Y, Li Chen H, Jong Yi 
W, Ming Hung L. Occupational health and safety hazards 
faced by healthcare professionals in Taiwan: A systematic 
review of risk factors and control strategies. SAGE Open 
Medicine 2020;8:2050312120918999. 

3.	 Bertin M, Bodin J, Fouquet N, Bonvallot N, Roquelaure Y. 
Multiple exposures and coexposures to occupational ha-
zards among agricultural workers: a systematic review of 
observational studies. Saf Health Work 2018;9:239-48.

4.	 Kim WJ, Jeong BY. Exposure time to work-related hazards 
and factors affecting musculoskeletal pain in nurses. Appl 
Sci 2024;14:2468.

5.	 Giwercman A, Skakeback NE. The human testis – an organ 
at risk. Int J Androl 1992;15:373-5.

6.	 Danzo BJ. Environmental xenobiotics may distrucpt normal 
endocrine function by interfering with binding of physiologi-
cal ligands to steroid receptor and binding protein. Environ 
Health Perspect 1997;105:294-301.

7.	 Karrari P, Mehrpour O, Abdollahi M. A systematic review 
on status of lead pollution and toxicity in Iran; Guidance for 
preventive measures. Daru 2012;20:2.

8.	 Wani AL, Ara A, Usmani JA. Lead toxicity: a review. Interdi-
scipToxicol 2015;8:55-64.

9.	 Anetor JI, Akingbola TS, Adeniyi FA, Taylor GO. Decreased 
total and ionized calcium levels and hematological indices 
in occupational lead exposure as evidence of the endocrine 



SCIENTIFIC PAPERS CONTRIBUTI SCIENTIFICI

biochimica clinica, 2024          7

disruptive effect of lead. IJOEM 2005;9:15-21.
10.	 Himani, Kumar R, Ansari JA, Mahdi AA, Sharma D, Karuna-

nand B, et al. Blood lead levels in occupationally exposed 
workers involved in battery factories of Delhi-NCR region: 
effect on vitamin D and calcium metabolism. Indian J Clin 
Biochem 2020;35:80-7.

11.	 Wang X, Liang H, Wang Y, Cai C, Li J, Li X, et al. Risk 
factors of renal dysfunction and their interaction in le-
vel-low lead exposure paint workers. BMC Public Health 
2018;18:1-7.

12.	 Harari F, Sallsten G, Christensson A, Petkovic M, Hedblad 
B, Forsgard N, et al. Blood lead levels and decreased ki-
dney function in a population-based cohort. Am J  Kidney 
Dis 2018; 72:381-9.

13.	 Parsons PJ, Slavin W. A rapid Zeeman graphite furnace 
atomic absorption spectrometric method for the determina-
tion of lead in blood. Spectrochimica Acta Part B: Atomic 
Spectroscopy 1993;48:925-39.

14.	 Weinfurt, K. P. Multivariate analysis of variance. In  Grimm 
L & P. Yarnold P. Eds. Reading and understanding multi-
variate statistics. Washington DC: American Psychological 
Association, 1995.

15.	 Tabachnick BG, Fidell LS. Using multivariate statistics (4th 
ed.) Needham Heights. MA: Pearson Education, 2001.

16.	 Damstra T. Toxicological properties of lead. Envrion Health 
Perspect 1977;19:297-07.

17.	 Anetor JI. Serum uric acid and standardized urinary pro-
tein: reliable bioindicators of lead nephropathy in Nigerian 
lead workers. Afr J Biomed Res 2002:5;19-24.

18.	 Gidlow DA. Lead toxicity. Occup Med 2004;54:76-81.
19.	 Dongre NN, Suryakar AN, Patil AJ, Hundekari IA, Devarna-

vadagi BB. Biochemical effects of lead exposure on battery 
manufacture workers with reference to blood pressure, cal-
cium metabolism and bone mineral density. Indian J Clin 
Biochem 2013;28:65‑70.

20.	 Anetor JI, Ajose OA, Adebiyi JA, Akingbola TS, Iyanda AA, 
Ebesunu MO, et al. Decreased thiamine and magnesium 
levels in the potentiation of the neurotoxicity of lead in occu-
pational lead exposure. Biol Trace Elem Res 2007;116:43-
51.

21.	 Kristal-Bouneh E, Froom P, Yerushalmi N, Harari G, Ribak 
J. Calcitropic hormones and occupational lead exposure. 
Am J Epidemil 1998;147:458–63.

22.	 Upadhyay K, Viramgami A, Bagepally BS, Balachandar R. 
Association between blood lead levels and markers of cal-
cium homeostasis: a systematic review and meta-analysis. 
Sci Rep 2022;12:1850.

23.	 Firoozichahak A, Rahimnejad S, Rahmani A, Parvizimehr 
A, Aghaei A, Rahimpoor R. Effect of occupational exposure 
to lead on serum levels of lipid profile and liver enzymes: 
An occupational cohort study. Toxicol Rep 2022;9:269-75.

24.	 Li JW, Xu C, Fan Y, Wang Y, Xiao YB. Can serum levels of 
alkaline phosphatase and phosphate predict cardiovascu-
lar diseases and total mortality in individuals with preserved 
renal function? A systemic review and meta-analysis. PLoS 
One 2014;9:e102276.

25.	 Ścisło L, Staszkiewicz M, Walewska E, Wojtan S, Paplaczyk 
M, Kózka M. Albumin and total protein concentration–se-
lected parameters of catabolic reaction and nutritional sta-
tus among patients with craniocerebral injuries diagnosed 
with surgically treated cerebrovascular diseases. Medical 
Studies/Studia Medyczne 2021;37:211-7.

26.	 Kshirsagar MS, Patil AJ, Patil JA. Impact of occupational 
lead exposure on liver and kidney function tests on silver 
jewellery workers. JCDR 2019;13:BC01-BC04.

27.	 Kalahasthi R, Barman T, Jamalpur RP, Adepu VK. Asses-
sment of diagnostic accuracy and optimal cut points of blo-
od lead levels on serum proteins among workers exposed 
to Pb at a lead battery plant. Int J Med Biochem 2019;2:81-
7.

28.	 Naveh-Many T, Silver J. Regulation of calcitonin gene tran-
scription by vitamin D metabolites in vivo in the rat.  J  Clin 
Investig 1988;81:270-3.

29.	 Malik K, Rathore S, Chandel M. Correlation of lead exposu-
re on calcium metabolism, vitamin d3 in battery manufactu-
ring workers. IJMSDR 2021;5:17-23.

30.	 Ren W, Gu Y, Zhu L, Wang L, Chang Y, Yan M, et al. The 
effect of cigarette smoking on vitamin D level and depres-
sion in male patients with acute ischemic stroke. Compr 
Psychiatry 2016;65:9–14.

31.	 Jorde R, Saleh F, Figenschau Y, Kamycheva E, Haug E, 
Sundsfjord J. Serum parathyroid hormone (PTH) levels in 
smokers and non-smokers. The fifth Tromsø study. Eur J 
Endocrinol 2005;152:39-45.

32.	 Mousavi SE, Amini H, Heydarpour P, Chermahini FA, 
Godderis L. Air pollution, environmental chemicals, and 
smoking may trigger vitamin D deficiency: Evidence and 
potential mechanisms. Environ Int 2019;122:67-90.


