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The safety of the popular dietary supplement chromium picolinate is questioned periodically with the implication that it increases the risk of cancer.  A recent study1 suggested that chromium picolinate might be carcinogenic as it increased mutation frequency in cultured cells.  While DNA-damaging effects certainly raise a red flag, study design and findings must be put in the perspective of overall data requirements for such conclusions.  Several guidelines2,3 issued by the Environmental Protection Agency (EPA) clearly address this issue and are similar to testing requirements proposed by the International Conference on Harmonization (ICH)4.

The 1999 proposed EPA guideline for carcinogen risk assessment2 note that the study of mutations and other genetic lesions continue to be important in the assessment of potential human cancer hazard.  EPA and ICH have published testing guidelines3,4 for detecting the ability of an agent to damage DNA and produce mutations and chromosome aberrations.  These guidelines for detecting DNA-damaging effects involve a battery of in vitro assays with specific cell lines and mammalian in vivo tests.  The guidelines require tests with living cells and whole organisms to consider factors such as DNA repair capabilities, biological half-life, metabolism, pharmacokinetics, absorption, distribution, excretion, and target organ specificities.  In short, for a substance to be labeled carcinogenic, it must yield positive results in a defined series of tests.  Regulatory decisions regarding carcinogenicity are never made with in vitro studies alone.  

In particular, in vitro studies with isolated DNA do not meet the EPA or ICH testing criteria, and are not recognized as an accepted genotoxic assay.  For example, the finding that chromium picolinate reduction by ascorbate results in the catalytic generation of hydroxyl radicals5—potent DNA-damaging agents—is meaningless in a noncellular test system.  The “high reactivity of hydroxyl radical would prohibit direct DNA damage unless it was generated at or very near the DNA itself6.”  Considering the oral bioavailability of chromium picolinate (2.80 ± 1.14 percent)7 and the volume of distribution in a living animal, only minute amounts would cross both the cell and nuclear membranes to put it in direct proximity of DNA.  For credible conclusions, the generation of hydroxyl radicals would have to be confirmed in living eucaryotic cells, preferably in vivo.

The safety of chromium picolinate is apparent when the vast array of peer-reviewed literature on chromium picolinate is considered, including genotoxic assays8 long-term studies in rats9 and clinical studies with human subjects10.  The National Academies Food and Nutrition Board Dietary Reference Intake (DRI) committee that reviewed chromium found little evidence of carcinogenicity in humans or animals after oral consumption of chromium III.  The report11 concluded, “No adverse effects have been convincingly associated with excess intakes of chromium from food or supplements…”


Chromium’s safety is also demonstrated by EPA’s high Reference Dose (RfD).  RfD represents an intake that can be reasonably expected to be safe.  For chromic oxide (Cr2O3), a relatively insoluble compound, EPA identified 1.47 g of chromium per kg of body weight as the NOAEL, and could not identify a LOAEL12.  Through rounding to 1 g/kg and applying a composite Uncertainty Factor of 1000, EPA calculated a chromium RfD of 1 mg/kg, which is equivalent to 70,000 (g in a 70 kg man.  Therefore, the RfD is 350 times the common supplemental dose of 200 (g chromium.  Even if chromium picolinate were 100 times more bioavailable than chromic oxide, the extrapolated RfD would be 700 (g, or 3.5 times the usual 200 (g supplement level.

The other component of chromium picolinate is derived from picolinic acid, a metabolite of tryptophan.  In humans, total daily exposure to picolinic acid is several-fold higher than amounts in dietary supplements.  It occurs naturally in human breast milk (3 µM), cow milk (5 µM) and other foods13.  The estimated urinary output of picolinate by adults is 14 mg per day13.  A supplement of 200 (g chromium as CrPic3 would include 1.4 mg of picolinate.  Assuming total absorption of the picolinate from a 200 (g supplement and no catabolism of the picolinate, the supplement would increase the urinary output by 10 percent.  Adverse effects related to such a modest increase are unlikely.

Numerous investigations have established that chromium is one of the least toxic trace elements, and in vivo mammalian studies support the safety of chromium picolinate.  Research that falls outside federal guidelines must be examined with the proper perspective.  Studies involving isolated DNA, cell cultures, or unrealistic concentrations of the supplement must be considered speculative and inapplicable to living organisms, especially when substantial data from human and experimental animals indicate an extremely low order of toxicity.  
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