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Kidney  Basics
 

• 	 Kidneys  in  embryo produce  urine by 12  weeks  

gestation 

– 	 Role  in  fetal  homeostasis  minor  compared  to  placenta  

– 	 Fetal  kidneys:  ~2.5%  cardiac  output  
• Fetal  hemodynamics/urine formation known to be  affected  by 

maternal  factors  (volume status, drugs, etc)  

• 	 Nephron:  functional unit 
• 	 ~1  million/kidney  
• 	 Nephrogenesis  complete 36  

weeks  gestation  
– Never  reactivated  in  face  of 
 

reduction  functional  kidney  mass 
 

http://www.pc.maricopa.edu/Biology/pfinkenstadt/BIO202/202LessonBuilder/Urinary/nephron.jpg  
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The Kidney:  A  Likely  “Target”? 
 
•	 20%  of  cardiac output 

•	 180  liters  of  filtrate  (water/solute:  “early  

urine”) produced daily 

–	 > 99%  reabsorbed 

–	 Passive/active transport of solute 

• 	 Highly metabolically active  

• 	 Concentrate  certain  substances  actively  

• 	 Biotransformation  of certain compounds 

• 	 Reabsorbs  organic metabolites  that  should  not be  lost  

• Excretes  waste  products and  foreign organic 

substances  to  prevent  accumulation 



Kidney  Toxicants: Heavy  Metals  

• Lead 

• Cadmium 

• Mercury  

• Uranium  

• Arsenic  

• Chromium 

• Copper  



http://www.instablogsimages.com/images/2009/06/29/queensland_IMfiX_24679.gif http://media.news.com.au/travel/lp/images/BN14124_23.jpg 

Lead  and  Nephrotoxicity 



Mechanisms of Toxicity 

http://www.uri.edu/cels/bio/wetherbee/bio242/nephron2.gif  
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Lead  Toxicity: A  Man‐Made  Disease 



Non‐Hispanic  Black  

Mexican American  

Non‐Hispanic  White  





Detection of  Kidney  Toxicity 

•	 Proteinuria  

–	 Tubular (ie, NAG,  KIM,  RBP, β‐2  microglobulin) 

–	 Glomerular  (ie,  albumin)  
•	 Decrease  in  kidney  function  (glomerular  

filtration  rate [GFR])  
–	 Estimated GFR  (eGFR)  



Markers  of Kidney  Function  

MDRD 

Schwartz  











'Cuida tu corazon' Study
 
PI: Eliseo Guallar, JHSPH 
 

� DESIGN: Cross-sectional study to evaluate the association 
between exposure to metals and cardiovascular function tests 
�  STUDY POPULATION: 512 male and female adolescents (14-16 

year of age) residents in the city of Torreon, Mexico           
(home to the largest lead smelter in the Americas) 
�  EXPOSURES: 
� Blood lead levels 
� Urine levels of arsenic, cadmium, molybdenium, antimony, thallium, 

tungsten, and uranium 
� OUTCOMES 
� Blood pressure


�

 

Heart rate variability
�

 
 


 
Continuous performance test
�


 

Kidney function and injury markers
�

 
 


 


 

Cytokines and markers of endothelial function 
� Glucose metabolism parameters 
 



'Cuida tu corazon' Study –
 
Preliminary findings (N=512)
 

� Blood lead (median; 5th – 95th percentiles): 4.0 (1.7 – 9.8) 
µg/dl 
� Kidney function and damage markers (median; 5th – 95th 

percentiles): 
� Serum cystatin C: 0.76 (0.61 - 1.0) mg/L

� Serum creatinine: 0.58 (0.45- 0.82) mg/dL

 



�
 

 Urine NAG: 220.5 (101.2 - 647.3) μmol/h/g creatinine


� 

 

Association between blood lead and kidney function 
and damage markers, per 2x increase in blood lead 
levels (95% CI), adjusted for age, sex, and body mass 
index: 
� Serum cystatin C: 0.02 mg/L (0.01 to 0.03)
�


 

Serum creatinine: -0.01 mg/dL (-0.02 to 0.002)
�

 
 
 


 

Urine NAG (log-transformed): 0.03 log(μmol/h/g creat) (0.0002 to 0.06)







INTERMEDIATE 
FACTORS 

• Hypertension 
• Hyperglycemia 
• Dyslipidemia 
• Albuminuria 

Shared mechanisms: 
• Inflammation 
• Coagulation 
• Oxidation 
• Endothelial damage 
•Cardiovascular risk 

Age, Sex, Race, Genetics 
Concomitant conditions 

Cause  of Kidney Disease 

HOST FACTORS 

Progression 

Diet, Smoking, EtOH, Physical 
Inactivity, Infections, Toxins, 
HEAVY METALS, OTC meds 

EXPOSURES 

MEDICAL MANAGEMENT 
Specialist and PCP care 

Risk factor/comorbidity mgmt 
Medications (e.g. ACE Inhibitors 

ARBS, aminoglycosides) 

Initiation 

Chronic 
Kidney 
Disease 

ESRD 

GFR 

Quality of life 
Costs 

Progression of CKD 

GFR=glomerular filtration rate, 
LVH=left ventricular hypertrophy, 
CVD=cardiovascular risk factors 
ASCVD= atherosclerotic cardiovascular disease 
OTC =over the counter meds (e.g. ibuprofen), PCP=primary care provider 

? 
Cognition 
CNS and 

Autonomic 
Function 

ASCVD 

Growth 
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