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Abstract

The hormone cortisol is typically assessed in saliva, serum, or urine samples. More recently, cortisol has been successfully extracted from hair,
including humans. The advantage of hair cortisol concentration is that it reflects a retrospective representation of hypothalamic-pituitary-adrenal
(HPA) axis function over time, much like hemoglobin A1C represents glycemic control. However, obtaining hair samples can be challenging,
due to the cultural beliefs and hair care practices of minority participants. For example, African Americans may be reluctant to provide samples.
Additionally, few researchers are trained to collect hair samples from African Americans. The purpose of this paper is to present a culturally
informed protocol to help researchers obtain hair samples from African Americans. To illustrate the representative results of this protocol
implementation, de-identified data from African Americans that participated in a community-based study on chronic stress are provided. Hair
practice preferences are assessed. The participants are made comfortable by showing pictures of hair samples prior to cutting their hair. The
single strain twist and gently pull method is used to collect approximately 30 - 50 strands of hair from the posterior vertex region of the scalp.
This protocol will significantly improve collection of hair samples from African Americans.

Video Link

The video component of this article can be found at https://www.jove.com/video/57288/

Introduction

Collecting samples of saliva, blood, or urine for cortisol analysis has unique procedural challenges and greater participant burden, as the
procedure requires multiple saliva samples, venipuncture samples, or 24-hour urine collection. Obtaining cortisol from hair samples is a simple
and acceptable alternative to using saliva, serum, or urine samples1,2. Hair cortisol provides a retrospective representation of hypothalamic-
pituitary-adrenal (HPA) axis function over time. Approximately 3 cm of hair collected from the scalp is equal to average cortisol release for the
past 3 months1. However, researchers encounter unique challenges when attempting to collect hair samples across diverse populations. Such
challenges include religious or spiritual beliefs including exposing hair (e.g., Muslim women), hair as sacred (American Indian groups), or cultural
norms that connect hair to standards of beauty and self-image.

In the African American culture, particularly among women, scalp hair is a very personal and important aspect of their body image3,4. Further,
historical experiences (e.g., the Tuskegee experiments) continue to foster mistrust in the research process5. Some African American folklore and
cultural beliefs also suggest that the hair sample could be used in rituals that could cause harm6,7. Researchers should be aware of potential
challenges that they may face in studies when African American participants are asked to provide hair samples.

In addition to issues surrounding body image, the specific techniques for collecting and handling hair samples from African Americans may differ
from that of European Americans6,7. For example, African Americans may have straight, thin, curly, kinky, coarse, or a combination of these hair
types, each requiring different techniques to collect and secure adequate hair samples for processing. Recent studies on samples of African
American teens8, as well as multi-ethnic samples9, showed that collection of hair for cortisol level measurement was acceptable among African
American participants. At present, there are no visual training procedures designed to provide researchers with the skill and cultural knowledge
to collect hair samples in African Americans. The purpose of this paper is to present a culturally informed protocol to help researchers obtain
adequate hair samples from African American participants. This method was developed with careful consideration of physical, psychosocial,
and cultural characteristics relevant to collection of hair samples from African American adults. To date, there are no visual methods of collecting
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these samples, and this protocol will be the first guide that details proper hair sample collection from African American adults. To illustrate the
representative results of the protocol implementation, de-identified data are presented from African Americans that participated in a community-
based study on chronic stress that were aged 65 and older. Both male and female research assistants from a variety of racial backgrounds
contacted potential participants from a clinic generated list and flyers. The primary investigator, who is an African American woman, spoke at
community centers and senior subsidized housing apartments to older adult African Americans about the study, including a description of the hair
collection methods.

Protocol

The study is approved by the University Hospitals Cleveland Medical Center Institutional Review Board, and the protocol follows the guidelines of
participant protection and data safety as indicated by the review committee.

1. Prepare Participant for Hair Sample and Hair Sample Collection Questions

1. Explain to participant that the hair sample collected is less hair than that is lost normally in brushing each day from the back of the head
(posterior vertex). Tell the participant that the site for the hair sample is hidden by surrounding hair and, thus, is not visible after collection.
Inform the participant that the sample will be used to measure a hormone called cortisol present in the hair10,11.

2. Take out the sample photo and show the participant the amount of hair that will be collected (30 - 50 strands).
 

NOTE: See Figure 1 for photo of a hair sample.
3. Ask the participant the hair care practice12 questions listed in Table 1.

2. Collect the Hair Sample

1. Tell the participant that the sample is collected in a private area behind a portable partition, curtain, or closed door. Assure participants that, if
they wear a wig or hairpiece, their hair is not cut in an area where others may see. Measure hair length from scalp to end by pulling the hair
gently and taut.

2. If the hair is short (less than 3 cm), follow the short hair protocol in step 3 (although if the hair is less than 1 cm long, the sample cannot be
collected, and, ideally, the hair should be at least 3 cm long). For hair longer than 6 cm, follow the long hair protocol in step 4. Otherwise,
continue to the next step.

3. Ensure that materials are ready by placing the hair cutting supplies (a sheet of aluminum foil, business envelope, salon grade scissors, large
and small tooth parting comb, alcohol preps, painters tape, permanent marker, non-latex gloves [optional], and hair clips)10 on a surface next
to the participant. Clean the scissors and comb with the alcohol prep pad before collecting the sample. Cut out an 8 x 10" sheet of aluminum
foil to use for the sample.

4. Put on non-latex gloves. Take the comb and part the hair horizontally along the posterior vertex of the scalp between the tips of the ears.
5. Take a clip and move the hair from the top of the part, then place another clip at the bottom to expose a 5 x 10 cm rectangle between the two

clips of loose hair (about the size of a deck of playing cards).
6. Ask the participant if they prefer use of a wide tooth or narrow tooth comb through the 2 - 3" rectangle of hair. Ask the participant how she or

he would like to have the remaining hair in the comb discarded. Give the hair in the comb to the participant, or, if (and only if) the participant
states that it is okay to discard the loose hair, discard the remaining hair from the comb into a trash can.

7. Grasp approximately 30 - 50 strands of hair to the right of the 2 - 3" rectangle and gently pull and twist the hair away from the scalp in a rolling
motion between the fingers.

8. Ensure that the sample is collected as close to the scalp as possible, but do not cut the scalp. Use salon-grade scissors and make a clean
straight cut.

9. Grasp the hair sample and ensure that the root end is aligned carefully along the cut.
10. Attach the hair to the sheet of aluminum foil by taping with painter's tape. Do not cover the scalp end, and do not use painter's tape on hair

that is shorter than or equal 3 cm. Place the loose cut hair into the center of the foil and fold into a square, ensuring that the hair does not fall
out of the foil.

11. Take the marker and label the scalp end on the aluminum foil. Use premade bar-coded labels to attach to the foil and envelope.
12. Fold the aluminum foil without folding the hair on the scalp end to prevent bed head (crumpled and bent hair), place it in the business size

envelope, and seal.
13. Label the outside of the envelope with the participant's unique study identification number, date, and the name of the primary investigator, or

use a bar code label if available.
14. Store the sample in a dry area at room temperature.

3. Sample Collection for Short Hair (1 - 3 cm)

1. Follow steps 2.3 and 2.4.
2. After parting, ask the participant to hold the parted hair close to the scalp. Cut the hair along the part, while holding the hair tightly with index

finger and thumb10.
3. Place loose hairs in foil and fold it securely. Do not tape the hair to the foil.
4. Follow steps 2.11 through 2.14.

4. Sample Collection for Long Hair (longer than 6 cm)

1. Part the hair left to right at the posterior vertex.
2. Use the hair clips to hold back the extra hair.
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3. Create a twist of hair and hold tightly with the index finger and thumb so as not to drop the sample10.
4. Make a clean straight cut as close to the scalp as possible. Collect 30 - 50 strands of hair.
5. If the participant has thin hair, then cut 2 - 3 small areas (1 cm apart) across the posterior vertex to conceal the site of the cut.
6. Follow steps 2.10 through 2.14.

5. Sample Processing

1. Store the foil packets containing the hair sample at room temperature indefinitely until analysis.
 

Note: Hair cortisol is extremely stable in hair and can be stored for years. In fact, cortisol has been measured in hair samples from mummified
remains11.

2. Analyze hair cortisol as previously published12. Samples can be shipped overnight at ambient temperature.

Representative Results

In our study, twenty-one African Americans (mean age = 75; SD = 6.9; 85% female) consented to participate. Four participants (19%) refused
to provide a hair sample and two (9.5%) could not provide a sample because their hair was too short. A total of 15 hair samples were obtained
and processed (Table 2). The length of the hair samples that were processed ranged from 1 cm to 4.8 cm. Technical problems included samples
were poorly aligned at the scalp end, tangled, or curly, and painter's tape being placed over the scalp end.

After implementation of the single strain twist and gently pull protocol, hair samples were aligned and cortisol content determined. The proximal
3 cm from the scalp end of the hair sample was cut, washed, and ground, then cortisol extracted with ethanol. Hair cortisol concentrations (HCC)
were determined using a commercial high sensitivity EIA kit according to manufacturer's instructions. A pooled control of previously ground hair
was also extracted and included on each EIA plate in duplicate for determination of inter-assay coefficients of variation. All samples were run in
duplicate. Inter-assay coefficient of variation (CV) for the control hair pool was less than 10%, and intra-assay CV of duplicates was less than
4%. Hair cortisol concentrations are reported as pg/mg. The average amount of cortisol was 20.4 pg/mg, standard deviation was 22.7 pg/mg,
and results ranged from 4.3 pg/mg to off-scale, even after additional dilution (Figure 2). Additionally, it took less technician time to process the
samples in the laboratory.

 

Figure 1. Photograph of a hair sample, demonstrating the placement of painter's tape on the foil to secure the sample.  Please click here
to view a larger version of this figure.
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Figure 2. Histogram of hair cortisol concentration. Results are unevenly distributed. Hair cortisol results are often skewed and require
statistical transformation (e.g., log transformation) to correct for uneven distribution of data. Please click here to view a larger version of this
figure.

Tell me the number of times that you wash your hair a week? 

Tell me the number of times that you wash your hair a month? 

Tell me the number of times that you wash your hair a year? 

Do you use conditioners on your hair?  Yes or No

Do you color or bleach your hair? 

Have you permed your hair or gotten a touch up of your perm in the last 3 months?

Have you used a chemical straightener on your hair in the last 3 months?

Do you take over the counter or prescription medications for any scalp conditions? 

Have you taken any steroids in the past 3 months? For example, inhaled medications, steroid injections in a joint, or other oral steroids such as
prednisone, cortisone, dexamethasone, or aldosterone.

Table 1. List of hair care practices that could potentially influence the concentration of cortisol within the hair. For example, the practice
of Brazilian Hair Straightening decreases the amount of cortisol in the hair.
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Hair wt (mg) Cortisol (pg/mg) Hair Length Color Hair Cutting
Technique

Comments

9.15 10.3 3 cm black and white Thining shear Hair not aligned.

5.91 46.0 3 cm blonde and black. Cut
both.

Thining shear Hair not aligned. Hair
tangled so only took
hairs that could be
identified as scalp end.

5.02 13.7 3 cm black and white Thining shear Hair not aligned. Hair
tangled so only took
hairs that could be
identified as scalp end.

30.9 30.2 1.4 cm black and white Thining shear Hair placed into
envelope without
tinfoil. Difficult to
collect hair.

31.07 6.7 1 cm black and white Thining shear Hair placed into
envelope without
tinfoil. Difficult to
collect hair.

6.45 12.7 3.3 cm black and white Salon grade scissors Hair extremely curly.
Cut hair as close to 3
cm as possible.

6.13 105.2 3 cm black and white Thining shear Hair not aligned. Hair
tangled so only took
hairs that could be
identified as scalp end.

6.81 23.5 3.2 cm black and white Salon grade scissors
and twist and pull 

Hair extremely curly.
Cut hair as close to 3
cm as possible.

4.94 6.2 3 cm black Salon grade scissors
and twist and pull 

11.7 10.5 2.8 cm black and white Salon grade scissors
and twist and pull 

Hair extremely curly.
Cut hair as close to 3
cm as possible.

14 4.3 3.1 cm black and white with
blonde tips. Cut all.

Salon grade scissors
and twist and pull 

Hair extremely curly.
Cut hair as close to 3
cm as possible.

29.08 off-scale 4.8 cm black and white Thining shear Hair wedged between
two pieces of tape.
Could not identify
scalp side so took the
entire length.

15.02 8.4 3 cm black with reddish
purple and white scalp.
Cut all.

Salon grade scissors
and twist and pull 

18.25 16.0 3 cm black Salon grade scissors
and twist and pull 

16.42 29.5 3 cm white with some light
brown 

Salon grade scissors
and twist and pull 

32.93 14.6 3 cm Black and grey Salon grade scissors
and twist and pull 

29.9 13.5 3 cm grey with some light
brown and black 

Salon grade scissors
and twist and pull 

28.89 36.8 3 cm grey Salon grade scissors
and twist and pull 

22.42 7.8 3 cm black Salon grade scissors
and twist and pull 
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6.04 23.6 3 cm grey Salon grade scissors
and twist and pull 

30.47 5.0 3 cm black with some white
and brown 

Salon grade scissors
and twist and pull 

Table 2. Hair cortisol concentration results. Each horizontal line in the table represents one participant. The first column is hair weight in mg,
followed by the cortisol concentration in pg/mg in the sample. Samples were measured, and the length was indicated in the third column from
the left. A 4.8 cm length of hair was used for one participant because the sample amount was limited. Participants' hair color and comments
regarding the samples are also listed.

Discussion

Essential steps in the hair collection protocol include providing an example of how much hair will be taken, showing the sample site (posterior
vortex), use of the single strain twist and gently pull method, and securing the sample with painter's tape away from the scalp end. By gently
twisting and pulling the sample, the curly hair is lengthened and the scalp end alignment is maintained. This reduces laboratory time needed to
align the scalp ends, measure, and cut the sample. Although thinning shears have been used in prior research, they are not the preferred tool for
cutting hair because of uneven scalp end alignment and increased time to prepare the hair sample for analysis.

Gathering hair samples from African Americans is feasible for measurement of cortisol. Appreciating the significance of hair in the African
American culture is necessary to garner support for collecting hair samples. Investigators should not convey judgment regarding hair hygiene,
such as the frequency of hair washings, because some African Americans tend to have dry hair as compared to non-Hispanic whites13. African
American hair grows slower, at a mean rate of 256 µm/day-1 as compared to non-Hispanic whites (M = 396 µm/day-1

, SD = 55 µm/day-1)14.
Participants may also wear hairstyles such as weaves/sew-in hair, box braids, and kinky twists or crochet braids. These hairstyles can take hours
to complete, with costs ranging from $50 to more than $500. When possible, inquire about the hairstyle and coordinate hair sample collection
with the participant. In these cases, the natural hair may need to be collected between beautician appointments or at the salon.

The lack of appreciation by the researcher regarding the importance of hair, style preferences, and costs can lead to participant unwillingness to
provide a hair sample. As reflected in the current study, this phenomenon of African American participants' reluctance or inability to provide hair
samples was documented in a study of multi-race youths and the feasibility and acceptability of hair collection for cortisol measurement8. Ford et
al. (2016) sampled 516 mixed-race youths aged 11-17 from the community. The African American adolescents were less likely to provide a hair
sample due to shortness of hair and refusal (OR = 0.26; 95% CI [0.13, 0.51])8.

The participant in the present study were age 65 and older. The greatest limitation to hair cortisol analysis is shaved heads, which is common
among males or those with thinning hair. Gathering enough hair for samples in older adults can be challenging due to hair loss. The hair weight
matters more because if there is not enough mass, then the microplate reader cannot accurately detect the cortisol levels. Standardizing the hair
weight as a normalizing factor prior to processing samples for cortisol analysis may be a future consideration to address this challenge.

Several limitations have been outlined in previous hair cortisol studies, including variations in hair care practices and the lack of normative values
for cortisol results8,12,15. The use of hair straighteners, relaxers, permanents, conditioners and dyes alter the level of cortisol in the hair. Exposure
to bleaches and permanents decreases the amount of cortisol, while peroxides increase measured cortisol15. Also, the lack of normative values
presents a challenge to comparing hair cortisol results across studies to establish normal values. The hair cortisol findings from our study
are limited and could only be generalized to other older adults and persons with chronic conditions. Generally, hair cortisol levels in persons
with chronic conditions (diabetes, cardiovascular) and mood disorders are higher than those without chronic conditions9,16. Another study of
community-dwelling African American older adults reported cortisol ranges from 0.93 to 6.36 pg/mg, which was lower than the range in our
study16. Another study of a sample of multiethnic older adults with cardiovascular disease reported a median cortisol level of 22.1 pg/mg, similar
to the findings of this study.

Future applications of the techniques outlined in this paper should include teaching the participant the twist and gently pull procedure, enabling
them to collect their own hair samples. Self-sample collection has been done in African American women with breast cancer and was considered
more acceptable16. However, the response rate for African American women providing a hair sample was poor in the breast cancer study. To
improve participation of African Americans in studies that collect hair biospecimens, research is needed to understand better the reasons for
refusal and any potential age or cohort demographic associated influences on the refusal rates. As found in the present study, approaching
potential participants in a non-judgmental fashion, acknowledging the importance of hair and hair practices within the African American
community, sharing a photo of the hair sample, providing privacy, and adoption of the twist and gently pull method were all factors that attributed
to the success of getting participants enrolled in the study.

At present, no published protocols consider cultural preferences to collect hair samples for cortisol. Likewise, few investigators are trained
to collect hair from African Americans. The single strain twist and gently pull to cut the hair sample protocol can be used in other studies that
require hair samples from African Americans. This protocol has the potential to increase the number of hair samples from African Americans, as
well as the number of culturally informed investigators and data collectors.
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