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ABSTRACT 
 

Background and Objectives The adverse association between low-level lead exposure and 
kidney function has attracted much attention .The aim of this study was to examine the 
association between blood lead levels and kidney function in a sample of adolescents in 
Duhok, Iraq. 
Methods A cross-sectional study was conducted by estimating blood lead levels, serum 
creatinine and creatinine- estimated Glomerular Filtration Rate (GFR) among 837 adolescents 
randomly selected from intermediate and secondary schools. 
Results Mean blood lead level in the overall adolescents was 3.55 0.98 ug/dl and mean 
serum creatinine level was 0.72 0.07mg/dl. Mean creatinine-estimated GFR was106.47 7.39 
ml/min/1.73m2. Adolescents with blood lead levels of >5 ug/dl had 101.66 4.32 
ml/min/1.73m2 lower creatinine-estimated GFR compared with those with lead levels <3 
ug/dl (109.42 6.78 ml/min/1.73m2), P<0.001. Blood lead levels were inversely correlated 
with creatinine-estimated GFR (r= - 0.38, P=0.001) and positively with serum creatinine (r= 
0.25, p=0.01) for all adolescents. 
Conclusion Our results indicate that the higher blood lead levels in a range below the 
acceptable limit reported by the Centers for Disease Control and Prevention (10 ug/dl) were 
associated with a lower creatinine-estimated GFR. Environmental factors has been 
hypothesized to contribute to this burden 
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ead in the environment is still a 
major risk factor and its effects are 

mainly observed in developing countries 
1,2.At lower levels of exposure (blood 
levels <10 ug/dl) adverse associations 
between blood lead and kidney function 
have been observed in adults  3. Few 
studies examined the association between 
low -level lead exposure and kidney 
function in children and adolescents 4, 5. 
In Iraq, most studies on lead exposure have 
conducted on exposure among risk groups 
6, 7, 8, and the adverse association 
between low-level lead exposure and 

kidney function is less well known. The 
present study designed to examine the 
association between blood lead level and 
kidney function of school adolescents in 
urban area of Duhok city, Kurdistan 
Region, Iraq. 
 
METHODS 
Setting and sample 

 A cross-sectional study carried out 
during the period 1st, November 2012 
until the 31st,s August 2013. Adolescent 
boys and girls from intermediate and 
secondary schools (n= 837) were included 
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in the study sample. 
The study conducted in Duhok city, 
Kurdistan Region, Iraq; which 
accommodates a population of nearly one 
million people. The city is located in a 
valley between 2 mountains and areas 
were chosen at different altitude in the 
valley: low (540 - <560 m) and high (>630 
m) 9 .The schools in Duhok were grouped 
according to the resident areas. Of these, 
two distinct altitude areas located on left 
side and two on the right side on the 
highway which divide the city. At each 
area, the schools were grouped into four 
groups; intermediate and secondary 
schools for boys; and intermediate and 
secondary for girls. Therefore, out of 32, 
16 schools randomly selected. Students in 
these schools represented our target 
population. The required number of 
students from each class selected randomly 
from school records by systematic random 
sampling procedure. The sample size 
calculated according to the World Health 
Organization formula to be 76710. Among 
the adolescents selected, 418 were urban 
living in low altitude area of both side of 
Duhok city and 419 were urban living in 
high altitude area. They were apparently 
healthy individuals with an age range from 
13 to 19 years. Smokers, age more than 20 
years and those having a medical history 
of diabetes mellitus or kidney disease 
excluded from the study. 
 
Data collection  

A pre-tested questionnaire was 
designed to obtain information on age, 
gender, and residence (high and low 
altitude). The age of the student was taken 
from the school records. Each student was 
interviewed directly and separately in a 
special room. A verbal consent for 
participation and approval to give blood 
samples for testing was obtained from the 
adolescents, after the nature of the study 
had been explained to them.  
 
 
 

Blood lead measures 
Blood lead (BPb) was measured at the 

College of Science Analytical Laboratory 
by flame atomic absorption 
spectrophotometer using a previously 
published procedure 11. Briefly, EDTA –
blood precipitated with 20% TCA solution. 
The supernatant solution aspirated directly 
to the spectrophotometer and the samples 
run in batches using standard lead solution 
of 1, 3, 5 and 10 ug/dl. To correct the 
sensitivity of the instrument, a regent 
blank was prepared by mixing an equal 
volume of 20% TCA with deionized water. 
The blank gave a reading of I ug/dl and 
this value subtracted from the reading of 
the samples examined. 
 
Kidney function measures 

Estimated GFR (measured in milliliters 
per minute per 1.73 m2) was calculated 
using the creatinine based formula of 
Matzke et al12. Serum creatinine (S.Cr) 
level measured by the modified kinetic 
Jaffe reaction using a Cobas 6300 analyzer 
(Roche Diagnostics). 
 
 
Statistical analysis 

All statistical analyses performed using 
the Statistical Package for Social Science, 
version 19. Independent student t-test used 
to compare differences between the 
different groups. Linear regression used to 
assess associations between blood lead 
levels and estimated GFR. Pearson 
correlation coefficient® was used to assess 
the correlations between blood lead levels 
with serum creatinine and estimated GFR.   
 
RESULTS 
Blood lead levels and kidney function 
measures in the adolescents shown in 
Table 1. The mean blood lead level in the 
overall adolescents was 3.55 ug/dl (range 
1.8-6.7 ug/dl) .The mean serum creatinine 
level was 0.72 mg/dl (range 0.7-1.2 mg/dl) 
and the mean creatinine-estimated GFR 
was106.47 ml/min/1.73m2 (range 85-
120ml/min/1.73m2 ). The mean blood lead 
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levels in adolescents living in low altitude 
area was higher than in high altitude areas 
group,(p<0.01).The mean blood lead levels 
were found to be higher among males and 
older adolescents than in females and 
younger age group, but this difference was 
not significant. The mean serum creatinine 
and creatinine-estimated GFR values in 
adolescents living in different altitude 
areas were significantly different ( p<0.01 
and <0.05 respectively). In linear 
regression analyses, higher blood lead 
levels consistently associated with a lower 
creatinine- estimated GFR. Higher blood 

lead levels was also associated with   a 
high serum creatinine values (Table 2). 
Adolescents with blood lead levels of >5 
ug/dl had 101.66+4.32 ml/min/1.73m2 
lower creatinine-estimated GFR (95% Cl 
for mean 100.61-102.71 ml/min/1.73m2) 
compared with those with lead levels <3 
ug/dl (109.42+6.78; 95%CI; 108.70-
110.14 ml/min/1.73m2), P<0.001. 
Adolescents blood lead levels were 
inversely correlated with creatinine-
estimated GFR (r= - 0.38, P<0.001) (Fig. 
1) and positively with serum creatinine (r= 
0.25, p =0.01); (Fig.2). 

 
Table 1. Blood lead level, serum creatinine, and creatinine-estimated GFR by participant characteristics  

Characteristic No. (%) 
BPb 
ug/dl 

P 
value 

S.Cr 
mg/dl 

P 
value 

Estimated GFR 
ml/min/1.73m2 

P 
value 

Total 837(100) 3.55 0.98  0.72 0.07   106.47 7.39  

SEX 
Male 
Female 

 
421(50.3) 
416(49.7) 

 
3.81 1.00 
3.30 0.90 

 
0.82 
 

 
0.76 0.08 
0.68 0.06 

 
0.57 

 
104.57 7.22 
108.39 7.56 

 
0.61 

Age(yr) 
13-15 
>15-19 

 
417(49.8) 
420(50.2) 

 
3.23 0.85 
3.86 1.10 

 
0.71 

 
0.66 0.06 
0.77 0.08 

 
0.09 

 
108.31 8.65 
104.61 6.12 

 
0.07 

Residence        

Low altitude 418(49.9) 4.43 0.51 <0.01 0.80 0.09 <0.01 103.52 6.30 <0.05 

High altitude 419(50.1) 2.68 0.41  0.64 0.05  109.41 8.47  

        

 
Table 2.  Mean and SD of serum creatinine and creatinine-estimated GFR associated with blood lead 
levels 

BPb 
Ug/dl 

No. (%) 
S. Cr 
mg/dl 

P 
value* 

Estimated GFR 
ml/min/1.73m2 

P 
value* 

<3 341(40.70) 0.73 0.05 <0.01 109.42 6.78 <0.001 

3-5 426(50.9) 0.74 0.06  104.90 7.37  

>5 70(8.4) 0.84 0.08  101.66 4.30  

* Onaway ANOVA for serum creatinine and estimated GFR grouped by Pb levels 
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Figure 1. Creatinine-estimated GFR by blood lead 
levels, (r = - 0.381,   p<0.001) 

 
Figure 2. Serum creatinine by blood lead levels, (r 
= 0.25, p<0.01) 
 
 
 
DISCUSSION 
In this study ,we found that, overall, 
adolescents had blood levels below 
10ug/dl, the acceptable limit reported by 
others 13,14.Nevertheless, we found a 
significant association between blood lead 
levels and kidney function, higher blood 
lead levels were associated with lower 
estimated GFR and higher serum 
creatinine. The association was strong and 
graded throughout the range of blood lead 
levels. Previous studies conducted in 
children and adolescents suggest an 
inverse relation between low –level 

environmental lead exposure and kidney 
function in cross-sectional and prospective 
analyses 15, 16. Our study extended those 
findings to adolescents sample at two 
levels of lead exposure, i.e. adolescents 
group living at low altitude area and the 
other group living at high altitude area, 
indicating that lead exposure at a level 
common in low altitude areas is associated 
with lower kidney function. Our previous 
study conducted in urban individuals 
living at different altitude areas,  has 
shown that in low altitude area  , crowded 
area in which exposure to lead is higher 
owing to the greater number of vehicles, 
gasoline generators, and industrial 
emissions ,also probably due to less wash 
by air currents, blood lead levels were 
higher compared to  the other area groups . 
However, increased risk of impaired 
kidney function suggests that low- lead 
exposure may affect kidney function 
through early declines in the glomerular 
filtration rate. 
    Our study revealed no significant 
association between the values of blood 
lead and the factors known to affect blood 
lead levels and /or GFR of adolescents, 
such as sex and age. This is probably due 
to the low lead exposure among the 
studied population. However, some recent 
studies found a tendency towards 
increased blood lead levels with older age 
17, 18. 

Our results confirm the previously 
reported finding that higher blood lead 
levels in a range below the CDC level of 
concern (10 ug/dl) associated with lower 
estimated GFRs in a representative sample 
of US adolescents 5. 

Our data of kidney function based on 
serum creatinine. This already known 
highly affected by age and sex, limiting the 
precision of creatinine –based GFR 
estimates. However, remarkable percent 
(8.4%) of adolescents with blood lead 
levels above 5.0 ug/dl had a lower 
estimated GFR; moreover, blood lead 
levels seems to have a negative correlation 
with values of creatinine-estimated GFR 



 

13 
 

Duhok Medical Journal                                                                                Volume 8, Issue 1, 2014

and a positive correlation with serum 
creatinine levels. Controversial reports 
exist about a consistent association of low 
blood lead levels with kidney function 19, 
20. A number of studies have found 
evidence against reverse causation, as an 
explanation for observed association 
between lead level and kidney function 
even in patients with chronic kidney 
damage, 21, 22. Prospective studies have 
shown that baseline lead levels are 
associated with subsequent decline in 
kidney function, adding evidence to the 
cause-effect relationship between lead 
exposure and subsequent kidney function 
decline. 23. Such inconsistent findings 
may be due to differences in the study 
population and research methodologies. 

Some limitations of our data need to be 
considered in the interpretation of these 
findings. Firstly, our study was cross-
sectional which lacks follow up. Secondly, 
assessment of kidney function was done by 
creatinine-based GFR estimates, creatinine 
–based estimates are known to perform 
less well at higher levels of GFR, and it 
has been repeatedly suggested that 
cystatin-based GFR estimates may be a 
superior marker of early dysfunction. 24 In 
conclusion, our results indicate that higher 
blood lead levels below the acceptable 
limit reported by the current Centers for 
Disease Control and Prevention (<10 
ug/dl) were associated with a lower 
creatinine-estimated GFR in a sample of 
adolescents, particularly among those 
living in low altitude areas. Environmental 
factors hypothesized to contribute to this 
burden. Measures to reduce exposure to 
the metal should be considered, especially 
in low altitude areas where children and 
adolescents are particularly at a higher risk 
of decline in kidney function. Further 
studies in this area are needed to seek the 
association of environmental lead exposure 
with chronic kidney damage. 
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GFR837

3.55 ± 0.98 g/dl0.72 ± 0.07 
mg/dlGFR106.47 ± 7.39 ml/min/1.73 m2

  5 g/dl>GFR101.66 ± 4.32 ml/min / 1.73 m2 3 
g/dl<GFR109.42 ± 6.78 ml/,in/ 1.73m2r = - 

0.38. P = 0.001r = 0.25 , P = 0.01

10 g/dlGFR
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   :             .  

 :               
    GFR  837         .  

:        3.55 ± 0.98 g/dl       
 0.72 ± 0.07 mg/dl    GFR 106.47 ± 7.39 ml/min/1.73 m2 .    
  5 g/dl  GFR  101.66 ± 4.32 ml/min / 1.73 m2       

     3 g/dl     GFR  109.42 ± 6.78 ml/,in/ 1.73m2     
         r = - 0.38. P = 0.001    

     r = 0.25 , P = 0.01    .  

:                   
 10 g/dl               

          .  


