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Measurement of Cortisol in Hair: Some Recent Investigations 
 
 
Introduction 
 
Over the last two decades a considerable amount of research has been devoted to the 
measurement of drugs and other substances in hair, especially for the detection of illegal drug 
use or other forensic purposes.  The work in this field has revealed that hair does indeed have 
much value for analytical use, and knowledge of the subject has progressed to the point that 
certain types of hair-related evidence are now admissible in court cases.  It has also become 
increasingly clear, however, that hair analysis is a complex topic and that measurements of 
any substance in hair must be approached with some care in order for the results to be valid. 
 
There has also been interest in hair analysis among psychological, behavioral, and social 
scientists because of the possibility that hair might provide a long-term, retrospective record of 
levels of various biomarkers in the body.  This measure could be used to supplement the 
shorter-term measures in blood, saliva, and urine that are now routinely used.  One area of 
research that could benefit from such a longer-term measure is the study of stress and its 
relationship with cortisol and other steroids.  It has been known since the late 1990s that it is 
possible to detect a number of corticosteroids in human hair, (1) and that the steroid sex 
hormones are also present. (2)  More recently a number of labs have begun to examine the 
potential use of hair analysis for stress research. 
 
 
Pathways of incorporation into hair 
 
One of the major questions that must be answered in order for hair analysis of steroids to be 
accepted is the same as that asked of saliva, namely, how do these substances get into the 
hair?  Pragst and Balikova have summarized the proposed mechanisms through which 
substances may be incorporated into hair in their recent review of hair analysis: (3)  
 

1. Like the saliva glands, hair follicles are surrounded by capillary networks, and it is 
believed that various drugs and chemicals are able to enter the growing hair cells by 
passive diffusion from blood. (4)   This pathway comes to an end as the hair cells 
become keratinized and dehydrated.   

2. Some substances may also enter the hair shaft from nearby deep skin compartments.  
3. Secretions from the sebaceous gland attached to each hair follicle and from nearby 

sweat glands bathe the growing hair shaft for several days before it emerges from the 
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skin.  Raul et al. reported that concentrations of cortisone are higher than cortisol in 
human hair, which is the reverse of the relationship in blood.  They argue that this is 
evidence that the steroids are incorporated into hair from sweat, after conversion of 
part of the cortisol to cortisone by 11ßHSD activity. (5)  This interpretation conflicts with 
no. 1 above. 

4. Substances can be deposited on the surface of the hair from the external environment 
after the hair emerges from the follicle.  Given the inclusion of steroids or related 
substances in many over-the-counter products, this may be a significant concern for 
researchers. 
 

Studies have shown that the ability of a compound to be deposited in hair is related to its 
chemical nature.  The cell membrane complex that makes up the interior cortex of the growing 
hair shaft consists of proteins and a protein-lipid complex originating from previous cell 
membranes.  Neutral, lipophilic substances can easily enter the growing hair shaft and diffuse 
into the interior matrix cells.  Basic compounds also are easily incorporated into hair where 
they bind to melanin, and levels of these compounds have been shown to correlate with 
melanin concentrations.  Acidic substances, however, are normally found only in low 
concentrations in hair. (3)   
 
Because neutral compounds are not associated with melanin levels in hair, it should be 
expected that hair levels of most steroids are not affected by natural hair color.  This appears 
to be confirmed by experimental results, since Raul et al. did not observe any effect of hair 
color on levels of cortisol and cortisone. (5)  Similarly, Sauvé et al. also found no relationship 
between hair color and hair cortisol levels. (6)  
 
 
Stability of substances in hair 
 
Retention of a substance in hair depends on a number of factors, including the chemical nature 
of the material, the potential for its metabolism within the hair, and the physical condition of the 
hair.  As the cuticle of the hair becomes increasingly damaged by chemical treatments or 
exposure to the elements it becomes easier for the substances in the cortex to be eliminated, 
and it is generally recognized that drug concentrations slowly decrease with increasing 
distance from the hair root. (3)  Kirschbaum et al. confirmed this behavior for hair cortisol levels 
in their study of women with infants, where cortisol levels declined significantly in hair 
segments increasingly distant from the scalp. (7)  In contrast, however, Yang et al. did not find 
any significant difference in the concentrations of estradiol and progesterone in proximal and 
distal segments of human hair. (2)   
  
There is a general suspicion that the observed decline in cortisol levels in distal segments of 
human hair may be due to routine washing or to the use of cosmetic treatments with dyes and 
bleaches.  Significantly, Davenport et al. did not find any difference in cortisol levels in proximal 
and distal segments of hair from research monkeys who were housed under stable conditions.  
They point to shampooing as one of several factors that may contribute to the lower levels of 
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cortisol found in human hair compared to monkey hair, as well as its gradual disappearance 
with time. (8)   Kirschbaum et al. looked for lowered cortisol levels in human hair specifically 
due to the effect of cosmetic treatments in their own study, but they did not observe any 
significant changes. (7)  They caution, however, that this effect has been reported in studies of 
other drugs. (9)  Sauvé et al., in fact, did report that human hair that was dyed before sample 
collection had lower cortisol levels than did hair that had not been treated. (6) 
 
 
Correlation of hair cortisol to HPA activity 
 
The focus of some recent papers on hair analysis has been to investigate the use of hair as a 
measure of activation of the HPA axis in response to stress.  Yamada et al. and Kalra et al. 
both found positive associations of stress with hair cortisol levels in intensive care neonates 
and healthy pregnant women, respectively. (10,11)  Kirschbaum et al. also observed 
significantly higher levels of cortisol in hair corresponding to the third trimester of pregnancy, 
which seems to reflect the increased cortisol production that is known to occur in pregnant 
women during that period. (7) None of these papers actually measured cortisol levels in 
sources other than hair, however, so additional confirmation of increased HPA activity is 
needed. 
 
The clearest evidence thus far presented for the measurement of HPA activity through hair 
cortisol is provided by Davenport et al., who found very high correlation between hair and 
salivary cortisol levels in response to stress caused by relocation of their rhesus macaques to 
a new housing facility. (8)  This finding is different from that of Sauvé et al., however, who also 
examined correlation of human hair cortisol to other measures in traditional body fluids.  As 
would be expected, they found a strong correlation between saliva and serum cortisol.  There 
was no significant correlation found for hair cortisol to either serum or saliva cortisol, however. 
(6) 
 
 
Local production of cortisol 
 
An additional complicating factor that has been mentioned, but little discussed, in some of 
these papers on cortisol in hair is the discovery that each hair follicle has a self-contained 
equivalent of the HPA axis and that cortisol can be produced directly by the follicle. (12)  The 
degree to which the local system is affected by, or contributes to, the general regulation of the 
HPA axis is unknown.  One might suspect that individuals whose skin is exposed to more 
stressful conditions could have elevated levels of locally-produced cortisol, and that this could 
have an effect on the cortisol levels measured in the hair.  This is obviously a matter that will 
require further investigation as the reliability of cortisol measurements in hair is assessed. 
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Expected Hair Cortisol Levels 

Using liquid chromatography combined with mass spectrometry, Raul et al. reported  a range 
of cortisol levels in human hair (close to the scalp) to be 5-91 pg/mg (mean 18). (5)  Using 
ELISA, Sauvé et al. reported a slightly higher range of 18-153 pg/mg (median 46) for human 
hair (close to the scalp). (6)  Using CLIA, Kirschbaum et al. found average cortisol values of 
about 20 pg/mg in hair from control women (close to the scalp), descending asymptotically to 
about 5 pg/mg in distal segments. (7)  Using the High Sensitivity Salivary Cortisol EIA from 
Salimetrics, Davenport et al. found a somewhat higher range for cortisol in hair from adult male 
rhesus monkeys of 32-254 pg/mg (mean 110). (8)  

Measurement of values at the lower ends of these ranges requires an assay with good 
sensitivity.  Using the High Sensitivity Salivary Cortisol EIA from Salimetrics, Davenport et al. 
reported an approximate limit of detection for their procedure of 0.9 pg/mg. (8)  
 
 
Summary 
 
The studies that have appeared to date on the measurement of cortisol and other hormones in 
hair indicate that the technique has the potential to offer valuable longer-term measures of 
these substances in the body.  Given the preliminary nature of the studies, it is perhaps not 
surprising that the results appear to be somewhat inconsistent.  Since the methods used to 
extract and analyze cortisol in hair have differed considerably from one study to the next, it 
seems likely that the varied results may have been due at least in part to methodological 
differences.  There therefore seems to be a clear need for more standardization in procedures.  
A detailed discussion of the importance of proper collection, washing, and extraction 
procedures has been given by Davenport et al. (8)  The method developed in their lab was 
also utilized by Kirschbaum et al., (7) and it may perhaps serve as a model for other labs 
interested in steroid analysis in hair.   
 
Just as work at Salimetrics and other labs has clearly shown that methods used to collect, 
store, and handle saliva samples can significantly affect the analytical results that are 
obtained, it seems  likely that investigators working with hair will need to pay attention to 
various complicating factors, some of which may be unique to hair.   Researchers new to hair 
analysis would be advised to heed the cautionary statements of Pragst and Balikova regarding 
the reliability of hair analysis and the need for careful guidelines throughout the testing 
process, all the way from sample collection to results interpretation. (3) 
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