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Lead poisoning

Lead (Pb) intoxication has been recognized as a public health risk, mostly in developing 
countries. 

It is known as a potent occupational and environmental toxin through various sources such 
as gasoline, paints, containing pipes, ceramic glazes, industrial processes like lead smelting 
and coal combustion, battery recycling, grids and bearings, food contaminated during 
processing, Pb-adulterated alcohol. 

At present, exposure to high concentrations of Pb is less common, due to better industrial 
management and the fact that Pb is no longer added to paint and petrol. 

However, Pb contamination is still a public health problem in many countries in Africa, 
Asia and Latin America due to domestic exposure through contaminated water and soil.   

Nowadays, unusual causes of chronic lead poisoning have been reported such as adulterated 
opium and marijuana. Journal of Renal Endocrinology 2018;4:e03.    

An important route of exposure that should not be neglected is the inhalation of tobacco 
smoke . Clinical Kidney Journal, 2017, vol. 10, no. 6, 747–758
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LEAD NEPHROTOXICITY

The toxic effects of Pb have been known for more than2000 years, since lead intake was a common 
problem among the Romans.  

The first reported case of nephrotoxicity associated with Pb was described in the 19th century. 

Pb is the most common environmental nephrotoxicant

At present, exposure to high concentrations of Pb is less common, due to better industrial management and the fact that Pb 
is no longer added to paint and petrol. However, Pb contamination is still a public health problem in many countries in 
Africa,Asia and Latin America due to domestic exposure through contaminated water and soil.   

Nefrologia 2012;32(3):279-86
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Two cross-sectional studies analyzed the US NHANES from 1999 to 2002 and 1999 to 2006 and found that even low blood 
Pb levels may be associated with CKD. 

In the US NHANES 1999 to 2002, the prevalence of CKD among adults was found to be higher in those with higher blood Pb 
levels.The adjusted ORs of prevalent CKD increased with increasing quartiles of blood Pb level (Q1 < 1.06 

mg/dL, Q2 = 1.06-1.63 mg/dL, Q3 = 1.63-2.7 mg/dL, Q4 ≥ 2.47 mg/dL) (OR = 1.49, 95% CI = 0.75-2.98; OR = 1.89, 95% CI 
= 1.09-3.30; and OR = 2.72, 95% CI = 1.47-5.04, respectively, for the second, third, and fourth quartiles) . 

Another analysis of the US NHANES 1999 to 2006 reported that among adults with a blood Pb level > 2.4 mg/dL, the OR for 
prevalent CKD was 1.56 (95% CI = 1.17-2.08) compared to adults with a blood Pb level ≤ 1.1 mg/dL 

In addition, a NHANES from 2007 to 2012 demonstrated that a positive association between urine Pb level and an inverse 
association between blood Pb level and eGFR .

Similarly, a cross-sectional study of Korean adults reported a positive association between blood Pb levels and renal 
dysfunction. 

An increasing number of longitudinal studies have supported that Pb exposure contributes to an increased risk of kidney 
disease. Yu et al. explored the association between low-level environmental Pb exposure and renal function among 121 
patients with non-diabetic CKD in Taiwan .After 4 years, every increase of 1 mg/dL in blood Pb level at baseline was 
associated with a decrease in GFR of 4.0 mL/min/1.73 m2.

International Journal of Medical Sciences 2021; 18(5): 1121-1129. doi: 10.7150/ijms.51594
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Absorption and distribution

Pb is mainly absorbed by the intestine and the respiratory system and, to a lesser extent, through the skin. 

Intestinal absorption is mediated by DMT-1 and increases with deficient intake of Fe and Zn. 

The respiratory system is a highly efficient route of absorption, with an uptake rate of more than 40% of 
inhaled Pb; however, the molecular mechanism by which Pb is absorbed is unknown. 

Corporeal handling of Pb is much less under stood. Following absorption, Pb is transported to the blood plasma and 
within minutes is transferred to the erythrocytes where it is primarily bound to haemoglobin. Only 6% circulates in the 
plasma from where it is distributed to the soft tissues (e.g. kidney), teeth and the skeleton, which contains up to 95% of 
the total Pb burden. Bone is the main reservoir for lead in the body and Pb transport to the bloodstream increases 
during times with the highest bone turnover, such as adolescence and pregnancy. 

Pb circulates in the blood, and it is either excreted by the kidneys or accumulates in bone. 

Urinary excretion is the main route of Pb elimination from the body. Circulating Pb bound to low molecular weight 
proteins (<1% of the total) is filtered freely through the glomerulus and partially reabsorbed by the proximal tubule.  

The half-life of Pb in the blood is around 35 days, compared to 10-30 years in bone. 
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The proximal tubule is a central player in metal toxicity for the vast majority of metals. This is particularly due to its bulk 
reabsorbing activity.The mechanisms involved in the uptake of Cd, Pb and Hg along the nephron have been elegantly 
described by Barbieret al. 

In the proximal tubule, several transporters of essential metals are involved in the uptake of free forms of Cd, Pb and Hg [e.g.
zinc transporter 1 (ZnT1), ZRT/IRTlike protein (ZIP) and ATP-binding cassette (ABC) protein] . Furthermore, after 
conjugation with metallothionein and glutathione (GSH), these metals can also be reabsorbed by endocytosis or by transport 
of Cys conjugates through the Na+ amino acid co-transporter after degradation of GSH by the brush border enzyme ɣ-
glutamyltransferase. 

In the distal tubule or connecting ducts, divalent metal transporter 1 (DMT1) and stretch-activated channels (SACs) could 
play an important role in the uptake of ionized forms of Cd, Pb and Hg. 

DMT1 is probably a major transporter of metals in the loop of Henle. 

Paracellular pathways may also participate in metal transport along the proximal tubule and the loop of Henle. 
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Cellular toxicity of Pb & Physiopathology

Cellular toxicity of Pb is complex and may develop via different pathways. 

First, exposure to Pb may induce oxidative stress, thereby initiating a cascade of events that may lead to 
vascular resistance and high blood pressure.

Second, free radicals may be generated that activate nuclear factor Ḳß and inflammation. 

Third, Pb may interfere with Ca dependent enzymatic reactions and the induction of apoptosis.

Fourth, depletion of intracellular antioxidant glutathione.

These various pathways can ultimately lead to the development of renal injury 
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Nefrologia 2012;32(3):279-86
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Clinical manifestations

Acute Pb toxicity (blood Pb level > 80–100 μg/dL) has been reported to cause proximal tubular injury, possibly due to 
cytoplasmic, mitochondrial and intranuclear inclusion bodies composed of Pb–protein complexes , and the clinical 
manifestations include glucosuria, aminoaciduria, phosphaturia, and Fanconi syndrome. (Int. J. Med. Sci. 2021, Vol. 18)

Other clinical manifestations include haemolytic anaemia, acute attacks of gout, intense abdominal pain (“painter’s colic”) 
and encephalopathy.

Chronic Pb poisoning (blood Pb level > 60 μg/dL) has been reported to cause Pb nephropathy, which is characterized 
by glomerular sclerosis, tubular atrophy, tubulointerstitial nephritis and fibrosis, and finally reduced GFR . Urinary excretion
of urates decreases due to the effect of Pb on the PCT and renal blood flow decreases as well, resulting in increased urate 
levels in the bloodstream. 

Diagnosing chronic nephritis due to Pb is difficult, since urinary symptoms and findings are variable and lack specificity. 

Diagnosis is therefore based largely on a clinical history of exposure. 

In addition, chronic low Pb exposure (blood Pb level < 5-10 μg/dL) has been reported to potentially contribute to 
the development of CKD and the progression of established CKD . The association between body Pb level and CKD has also 
been reported to be affected by age, sex, diabetes, hypertension, and uric acid level.
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LEAD-RELATED NEPHROTOXICITY 

Prolonged lead exposure at the lower levels encountered in developed countries may contribute to renal toxicity, which refers to as 
lead-related nephrotoxicity . This is most likely to occur in patients at increased risk for kidney disease, including those with diabetes 
mellitus or hypertension, and in patients with underlying chronic kidney disease (CKD) from non-lead causes. These patients typically 
do not have extrarenal manifestations of lead poisoning.  

The data reviewed indicate that lead contributes to nephrotoxicity,

even at blood lead levels below 5 μg/dl. This is particularly

true in susceptible populations, such as those with

hypertension (HTN), diabetes, and/or CKD. Low

socioeconomic status is a risk factor for both lead exposure

and diseases that increase susceptibility. Future public health

risk for lead-related nephrotoxicity may be most significant in

those rapidly developing countries where risk factors for

CKD, including obesity and secondary HTN and diabetes

mellitus, are increasing more rapidly than lead exposure is

declining. Global efforts to reduce lead exposure remain

important
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LEAD-RELATED NEPHROTOXICITY 
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Lead and kidney stones

A study of participants from five consecutive US NHANES 2-year cycles (2007–2016) showed that blood Pb level was 

associated with the risk of kidney stones in adults. (may be other mechanisms for lead nephrotoxicity)

Mechanisms:

Firstly, Pb induce hypercalciuria, a leading pathophysiological factor for calcium nephrolithiasis . Defects in renal 

Ca2+handling can lead to hypercalciuria, kidney stone formation, and obstructive nephropathy .

As B Pb concentration doubled, urine calcium increased by 0.21 mmol/24-h in a model adjusted with sex and age . 

The extracellular calcium-sensing receptor (CaSR) is a plasma-membrane G protein-coupled receptor activated by 

extracellular calcium and expressed in kidney tubular cells. It inhibits calcium reabsorption in the ascending limb and distal 

convoluted tubule when stimulated by high serum calcium. 

Secondly, Pb induces tubular dysfunction, another pathological process involved in the formation of kidney stones.  

Journal of Trace Elements in Medicine and Biology 68 (2021) 126852
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Hyperuricemia

Hyperuricemia resulting from impaired tubular function and altered purine metabolism through the 
inhibition of guanine aminohydrolase dependent hydrolytic deamination of guanine to xanthine.

Hyperuricemia can mediate both hypertension and kidney injury as elevated uric acid levels have been 
shown to worsen endothelial dysfunction and through the stimulation of vascular smooth muscle 
proliferation resulting in thickening of the afferent arteriole of the glomerulus. 

Hyperuricemia is also shown to inhibit the release of nitric oxide within the vasculature of the kidneys 
which worsens renal blood flow and impairs glomerular filtration. 

All these mechanisms explain the role of hyperuricemia in the pathogenesis of lead nephropathy and the 
frequent association of chronic lead nephropathy with gout.
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Evaluation and Diagnosis
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High index of suspicion is required  

The assessment of lead exposure can be made using a lead exposure risk assessment questionnaire  

Assesing the lead burden: 

Blood lead level in lead nephropathy is expected to be above 40 ug/dL with the risk of renal failure at blood lead levels above 
60 ug/dL. The blood lead levels in acute lead nephropathy are usually above 100 ug/dL and

Heme enzymes such as zinc-protoporphyrin and free erythrocyte protoporphyrin are altered by lead and can be used as 
indirect means of assessing lead exposure. The levels of these enzymes are elevated in lead toxicity with erythrocyte 
protoporphyrin levels above 35 ug/dL and 50 ug/dL correlating with blood lead level above 25 ug/dL and 40ug/dL, 
respectively. 

The best measure for assessing the total accumulation of lead in the body is CaNa2 EDTA lead mobilization test. The test is 
performed by administering CaNa2EDTA 2 gr intramuscularly in 2 divided doses 12 hours apart or 1 gr intravenously, and by 
collecting urine for 24 hours. Patients with renal insufficiency should collect urine over 3-6 days. EDTA chelates lead 
sequestered in the body storage sites and mobilizes it for renal excretion in the form of lead-EDTA chelate. Individuals 
without any unusual prior exposure to lead would excrete less than 650 ug of lead over the collection period, a cumulative 
excretion greater than this level is indicative of excessive lead burden. 

DMSA chelation test 

The other methods of measuring body lead burden are methods which assess bone lead. These methods include X-ray 
fluorescence (XRF) which has been shown to be a safe, non-invasive, and reliable technique to measure lead in the skeleton. It 
measures subperiosteal and full thickness of bone lead as well as direct measurement of dense bone lead content.
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Assessing renal function: evaluation of global renal function and assessment of tubular and 
glomerular parameters. (Bun,creatinine,eGFR,proteinuria, both urine NAGand urine a-1-
microglobulin useful indicators in early lead nephropathy) .

A full blood count (FBC) test, with anemia →  peripheral blood smear → hypochromic 
microcytic anemia and basophilic stippling.

Given the possibility of lead-related nephrotoxicity in those with CKD, suggest to screen patients 
who have stage 3 or greater CKD (estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 
m2) for lead exposure using a self-administered questionnaire.If the screening questionnaire 
indicates current exposure to lead, all sources of exposure should be eliminated and a blood lead 
level measured. 
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Treatment

 Minimizing further exogenous lead exposure is essential in the treatment of lead nephropathy. If exposure is 
occupational, referral to an occupational medicine clinician with expertise in lead exposure, workplace 
accommodations, and workers' compensation are important. Follow-up blood lead measurements, if elevated 
initially, are also recommended. 

 Chelation therapy; In adults, chelation should be considered for patients with blood lead levels greater than or equal 
to 70 ug/dL; however, symptomatic adults with blood lead levels exceeding 50ug/dL may also be candidates for 
chelation therapy. The preferable chelation agents for adults are CaNa2EDTA or DMSA.

 Post treatment care; It is advised that the diet should provide sufficient calories and be rich in calcium, zinc, and 
iron.  

 Lead-related nephropathy; In developed countries, blood lead levels >5 mcg/dL (0.24 micromol/L) should be 
rechecked approximately four weeks after the identified source of lead exposure is eliminated. In developed 
countries, such values are more likely to be due to exogenous exposure that can be identified and reduced.Patients
who have repeated blood lead levels >5 mcg/dL (0.24 micromol/L) should be referred to a clinician with expertise in 
occupational and environmental medicine. 

A higher blood lead referral level may be necessary in countries in which there is a greater degree of lead exposure  
(eg, leaded gasoline has not been banned) and occupational and environmental medicine specialists are rare. 

 Interpretation of the blood lead level requires an understanding of data from the general population. NHANES data from 2015 to 
2016, well after the removal of lead from gasoline in the United States, revealed a geometric mean blood lead level of 0.92 mcg/dL 
(0.04 micromol/L) in adults aged ≥20 years . 
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