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The impact of skin color and tone on histamine
iontophoresis and Doppler flowmetry measurements as a
pharmacodynamic biomarker

Aarya Ramprasad'© | Adara Ezekwe’ | BrianR. Lee” | Shiva Balasubramanian®
Bridgette L. Jones"**

!'University of Missouri-Kansas City

School of Medicine, Kansas City, Abstract
Missouri, USA The phenotypical manifestations of asthma among children are diverse and ex-
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objective biomarkers to improve the characterization of allergic and inflammatory

previously investigated histamine iontophoresis with laser Doppler flowmetry
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Division of Health Services and (HILD) as a potential surrogate biomarker that characterizes histamine response
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Hospital, Kansas City, Missouri, USA and may be utilized to guide the treatment of allergic and inflammatory disease.
*Department of Pediatrics, University We have identified intra-individual variability of HILD response type among chil-
of Missouri-Kansas City School of dren and adults with asthma and that HILD response type varied in association
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y with racial classification. As laser Doppler flowimetry may be impacted by skin

Correspondence color, we aimed to further validate the HILD method by determining if skin color
Aarya Ramprasad, University of or tone is associated with observed HILD response type differences. We conducted
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Medicine. 2411 Holmes Street. Kansas an observational study utilizing quantification of skin color and tone obtained
City, MO, 64108, USA. from photographs of the skin among participants during HILD assessments via

Email: armdt@umsystem.edu the RGB color model. We compared RGB values across racial, ethnic, and HILD

response type via the Kruskal-Wallis test and calculated Kendall rank correlation
coefficient to evaluate the relationship between RGB composite scores and HILD
pharmacodynamic measures. We observed that RGB scores differed among racial
groups and histamine response phenotypes (p <0.05). However, there was a lack
of correlation between the RGB composite score and HILD pharmacodynamic
measures (7 values 0.1, p > 0.05). These findings suggest that skin color may not
impact HILD response variations, necessitating further research to understand

previously observed differences across identified racial groups.
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WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

It has previously been described that variation exists in biomarkers and devices
that rely on the transmission and measurement of light across the skin surface.
It is also now known that many devices and biomarkers are not validated within
diverse populations. We have previously demonstrated that histamine iontopho-
resis with laser Doppler (HILD) assessments appear to vary across racial groups.

We aimed to determine if HILD response types are associated with skin color/

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

We did not observe that histamine pharmacodynamic quantitative variables were
associated with skin color or tone. This suggests that HILD is a valid measure of
histamine pharmacodynamic response across diverse skin tones/colors.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR

This discovery may lead to further validation of HILD as a pharmacodynamic
biomarker that may be useful across diverse patient groups to assess therapeutics
that target the histamine and allergic pathways. The use of this biomarker may
ultimately improve drug development and clinical practice for a more diverse
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Study Highlights
WHAT QUESTION DID THIS STUDY ADDRESS?
tone among a racially diverse pediatric group.
TRANSLATIONAL SCIENCE?
patient population.

INTRODUCTION

Asthma is one of the most frequently diagnosed diseases
globally and is commonly associated with allergic rhini-
tis and eczema, creating what is often noted as the atopic
triad.! According to the Centers for Disease Control and
Prevention, 8.4% of children in the United States have
asthma.” Asthma is a heterogeneous disease of varying
phenotypes that are associated with different responses to
therapeutic treatments. Current biomarkers used to bet-
ter direct therapy to specific disease phenotype include
IgE level, blood and/or sputum eosinophil counts, and
exhaled nitric oxide. However, there remains a need to de-
velop objective biomarkers to better characterize allergic
responses in the body and to predict treatment responses
to therapies that target the allergic pathways.

We have investigated the use of histamine iontopho-
resis with laser Doppler flowmetry (HILD) as a potential
biomarker to objectively measure histamine response in
the body. We have studied HILD as a potential surrogate
endpoint to evaluate therapies targeting the histamine
and allergic pathway.>* Histamine is a central mediator
within the allergic and inflammatory response cascade.
Histamine is released as a pre-formed mediator from
mast cells, resulting in an acute inflammatory and im-
mediate hypersensitivity response within the body. This
response typically manifests as itching, sneezing irrita-
tion, shortness of breath, vomiting, and other symptoms.’

Histamine plays a critical role in asthma and allergic rhi-
nitis as the amine is described to cause airway obstruc-
tion by causing smooth muscle contraction, increased
bronchial secretions, and airway mucosal edema via type
2 immune response mechanisms related to IgE antibody-
mediated mast cell degranulation.® Allergic asthma is
among the most common asthma phenotype, and the
histamine pathway is known to play an important role
in allergic asthma pathogenesis. Therefore, biomarkers
capable of differentiating variation in histamine response
may be useful for personalized approaches to asthma
treatment.

The HILD procedure allows for a fixed dose of hista-
mine to be delivered by iontophoresis into the superfi-
cial surface of the skin whereby histamine delivery and
binding to H1 receptors in the microvasculature lead to
a vasodilatory response that can be measured by Doppler
flowmetry of blood flow at the site. The HILD technique
provides an objective and quantitative assessment of in-
dividual histamine pharmacodynamic response.” The
Doppler flowmetry uses a laser light beam to transmit
through epicutaneous tissue, allowing for backscattered
light to be converted into a quantified signal that is trans-
mitted and recorded via a computer software. This signal
is used to calculate a value of blood flow at the site de-
scribed as “flux.”” Iontophoresis and laser Doppler flow-
metry have been used as a tool within various areas such
as burn research in evaluating tissue vascularization, in
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evaluating endothelial function in cardiovascular and
sickle cell disease research.®’

In our previous investigations of HILD, we observed
that histamine response varies among adults and children
including those with allergic disease and asthma.** We
also noted that among children with asthma, histamine
microvasculature response can be grouped into response
types of “hypo-responsive” and “hyper-responsive” based
on HILD flux measurements and model fit. We further
observed differences in classification in different response
types (hyper-responsive vs. hypo-responsive) between dif-
ferent racial identities in our studies.'®!! These findings
have led us to explore potential reasons for these differ-
ences. As race is understood to be a derived social con-
struct that often categorizes people based on phenotypic
characteristics and cultural identity, race is understood to
be not indicative of unique biological processes or differ-
ences in biological processes.'*'* However, racial identity
groups may share certain physical characteristics such as
skin color or tone that may influence performances of de-
vices that function based on light transmission through
the skin.'? During the COVID-19 pandemic, pulse ox-
imetry device measurements, which are a biomarker of
blood oxygenation, were revealed to be less accurate in
patients with darker skin pigmentation as these devices
have primarily been developed and validated among those
with lesser or lighter skin pigmentation. These findings
have a significant clinical impact because overestimation
among patients with darker skin pigment can lead to a
lack of recognition of hypoxia and subsequently increased
morbidity and mortality among these patients.'*'> Due
to these observations for the pulse oximeter, which uses
technology similar to that used with HILD as a surrogate
measure obtained to measure light reflection through the
skin, we aimed to further validate the HILD technique
among varying skin colors/tones. We sought to determine
if HILD values and our observed response types were as-
sociated with skin color/tone.

METHODS

We used readily available data from participants in-
cluded in a research protocol that aimed to evaluate
HILD in children with allergic rhinitis. The protocol was
approved by the Children's Mercy Institutional Review
Board (IRB # 11120477). Children 8-19years of age were
recruited via convenience sampling from the Children's
Mercy Allergy/Asthma/Immunology clinics after obtain-
ing parental permission and, where appropriate (i.e., age
>7years), child assent. Race and ethnicity were deter-
mined by participant self-identification. HILD was per-
formed in anidentical fashionin all participants according

ASCPT

to previously published methods.'®'® Photographs were
taken with a handheld camera (Olympus Stylus® 1200)
of the volar surface of the participants' forearm simulta-
neously on the opposite arm from the HILD assessment.
An automated zoom function was used when taking
photographs. Multiple photographs were taken with the
intention of capturing the histamine skin prick wheal
and flare response used for initial validation of HILD.
However, photographs also included skin areas without
wheal and flare response. All participant study visits
were conducted during the day and were conducted in
similarly designed rooms with similar outside and indoor
light sources within the pediatric clinical research unit
at Children's Mercy. For each participant, the best qual-
ity photo was chosen by our team based on photo clarity,
shadows, brightness, and available areas of skin without
erythema from histamine application to be used in the
skin color/tone analysis.

RGB color model was used to convert skin color into
a quantifiable measurement for comparison among the
participants. An RGB value is made up of three-color
components. The red, green, and blue components each
represent the amount of red, green, and blue that are pres-
ent in an overall color. Each component is a number be-
tween 0 and 255. The numbers represent the amount of
red, green, and blue mixed to form the color. Pure black
is represented by [0,0,0], which demonstrates the absence
of all colors. Pure white is represented by [255, 255, 255],
which demonstrates the full presence of all colors.'” The
three numbers can represent every color, which can be
useful for analyzing the depth of skin tone. RGB values
were generated from each selected photograph.

Each individual image was divided into similar-sized
quadrants. A color picker (Image Color Finder) was used
to select an area within each quadrant for color sampling,
avoiding areas with visible veins, erythema, shadows, or
markings.'® The color picker generated an RGB that was
recorded (Figure 1). An RGB value was obtained from
each quadrant to account for the intra-individual variance
in skin tone.

The RGB value data from the four quadrants sampled
were calculated as a composite score to represent a par-
ticipant's overall skin color/tone. The average of the red,
green, and blue components of the recorded RGBs from
each quadrant was used to create an overall average RGB.
For an individual component, the average was taken using
squares. We used a previously published method, as re-
flected in Equation 1, to calculate the individual partici-
pant RGB representative values."

The equation to find the average of an RGB component
where x is the component value from quadrant I, y is the
component from quadrant II, z, is the component from
quadrant III, and b is the component from quadrant I'V.
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FIGURE 1 [Illustration of method

for identifying areas for color sampling
and RGB generation. Images were divided
into similar size quadrants. A color picker
(Image Color Finder) was use to select

an area within each quadrant for color
sampling, avoiding areas with visible
veins, erythema, shadows or markings.
The color picker was used to obtain an
RGB value, with the RGB value being
circled in black. Color Picker is being used
to obtain the RGB value, with the RGB
value being circled in black.

Vanga.”® After RGB values were derived for each partici-
pant, a composite RGB score was calculated (Equation 2).

28C7C44 sE4B4sC $743C14
TAQLYS) 1008CA) 2533020
2 2 2 2
x2+y?+z22+b
f(x)=\/( : ) M

This process was repeated for the other two compo-
nents. The average red, green, and blue components
were then used to compose an overall average RGB for
the patient's skin color in the following format: [average
Red component, average Green component, average Blue
component]. This method was used for averaging because
the RGB values [0,255] originate from larger numbers that
were compressed, using square roots, to save space. To ac-
count for this issue when averaging, squares must be used

The equation to generate a composite score for patient's
skin color where R is the red component of the average
RGB, G is the green component of the average RGB, and B
is the blue component of the average RGB.

foo = R*—(;”’ @

Statistical analysis

Non-parametric summary distributions of RGB com-
posite scores were compared across groups (e.g., race
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and ethnicity categories, histamine response type) using
the Kruskal-Wallis test. Histamine response was catego-
rized as hypo-responsive, normo-responsive, or hyper-
responsive. Kendall rank correlation coefficients were
calculated to determine associations between HILD phar-
macodynamic measures HDTmax, HDCmax, HDAUC,
and HDEC50 and RGB composite score. All statistical
analyses were completed using Stata software.

RESULTS

Evaluable data were available for 42 children with asthma
and/or allergic rhinitis. Participants' ages ranged from 8 to
18years; 65% were male. 57% of participants identified as
White, 33% identified as African American or Black, and
10% identified as Hispanic. We did not collect race data for
participants who identified as Hispanic ethnicity.

Skin color and histamine response

As shown in Table 1, differences in RGB composite scores
were observed across the three racial and ethnic groups,
with participants identifying as African American or
Black with lower RGB values (i.e., deeper tones), followed
by White and then Hispanic (p <0.01).

RGB scores differed across histamine response groups
(p=0.028), with the hypo-responsive histamine group hav-
ing a lower median score, and the normo-responsive and
hyper-responsive groups having similar scores (Figure 2).
The hypo-responsive group (n=27) had a median RGB of
120 [IQR range 85.3-147], while the normo-responsive
(n=8) and hyper-responsive (n=7) groups had medians
of 153 [IQR range 141.3-178] and 150 [IQR range 115.3—-
156], respectively.

Correlation among the RGB composite score and
HILD pharmacodynamic variables HDTmax, HDCmax,
HDAUC, and HDEC50 was generally considered weak and
did not meet statistical significance (Figure 3). HDTmax
and RGB composite had a correlation of 0.081 (p=0.47).
HDCmax and RGB composite had a correlation of 0.129
(p=0.23). HDAUC and RGB composite had a correlation
of 0.137 (p=0.20). Finally, HDEC50 and RGB composite
had a correlation of 0.022 (p=0.85).

TABLE 1 Median RGB composite score by race and ethnicity.
Median [IQR]

White (n=24)
African American/Black (n=14)

148.8 [137, 164.2]
86.5 [76, 94.7]

Hispanic (n=4) 168.8 [129.2,192.5]

Note: p>0.01 reflects comparisons among all three racial and ethnic groups.

ASCPT

DISCUSSION

We observed that RGB composite scores differ between ra-
cial and ethnic groups, which is not surprising given that
racial and ethnic groups often share phenotypic charac-
teristics such as skin color or tone. This finding suggests
that the RGB method used is appropriate for quantifying
skin color or tone. RGB composite scores differed across
histamine response phenotype. The hypo-responsive phe-
notype group demonstrated lower RGB composite scores
relative to the normo-responsive and hyper-responsive re-
sponse types. We have previously described that histamine
pharmacodynamic response type, as measured by HILD,
differed between racial groups in our previous studies. In
those studies, we observed that children who identified as
African American/Black were more frequently represented
among the hypo-responsive response phenotype group,
which somewhat parallels our findings in the current study
related to RGB values and distribution across the histamine
response type groups. However, in evaluating the relation-
ship between skin tone/color and HILD values, we did not
observe a significant association between RGB skin tone/
color composite and individual quantitative histamine re-
sponse pharmacodynamic parameters such as HDTmax,
HDCmax, HDAUC, and HDEC50. We believe that these
findings suggest that skin color or tone may not impact
measured histamine pharmacodynamic response param-
eters via the HILD method. However, there is a further need
to investigate our findings for group classification. Our pre-
vious findings related to the histamine response type group
may be related to underlying biological responses relevant
to disease pathophysiology, which may differ among racial
and ethnic groups due to differences in the causes/drivers
(e.g., environmental exposures) of disease.

Currently, the evaluation of antihistamine pharmaco-
dynamic response in clinical trials is conducted via the epi-
cutaneous skin prick test. This test involves administering
a histamine solution to the epicutaneous layer of the skin
and assessing response via measurement of the “wheal and
flare” response of erythema and swelling at the site. This
technique employs the manual application of histamine
via a “prick” device and measurement by the human eye
using a handheld ruler type of device. Variability in this
technique has been described that may impact the valid-
ity of pharmacodynamic assessments using this method.
Studies have also described differences in histamine prick
skin test results across different racial and ethnic groups.”
It is plausible that this described difference may be due to
operator error in accurately assessing erythema in varying
skin tones. Similar errors related to the ability to perceive er-
ythema or other skin changes in darker skin tones have been
described across various dermatologic conditions and states
(e.g., eczema, infectious skin rashes, psoriasis).22 Therefore,
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FIGURE 2 RGB values versus histamine response groups. Box-plots were created to depict RGB scores at different histamine response

groups (p=0.028), with the hypo-responsive histamine group having a lower median score, and the normo-responsive and hyper-responsive

groups having similar scores.

our data suggest that the HILD method may be more appro-
priate for assessing histamine pharmacodynamic response
across varying skin tones than currently established meth-
ods in clinical research.

Previous studies have characterized the laser mea-
surement depth for laser Doppler flowmeter (LDF) meth-
odologies across different skin tones. Melanin is largely
responsible for the variation in skin pigmentation and
tone. Differences in optical properties of lighter skin
tones and darker skin tones are largely informed by mel-
anin concentration in the skin. Higher concentrations of
melanin have been shown to affect how deep laser light
travels in skin layers.>® Fredriksson et al. evaluated the im-
pact of skin tone across different wavelengths emitted by
the LDF device in varying models representing different
tissue samples. They concluded that epidermal melanin
concentration produced a change of less than 4% for mea-
surement depth, which was determined to be a negligible
difference in LDF measurement.”* Abdulhameed et al. also
conducted studies of LDF in the assessment of blood per-
fusion in participants with varying skin tones and did not
reveal a difference in mean perfusion between darker and
lighter skin tones.'? Our findings appear to further validate

the accuracy of the LDF method for measuring blood flow
across varying skin tones and melanin concentrations.

We recognize potential limitations in our study to be
improved upon in the future. The image quality of pho-
tos used to quantify skin tone varied across participants,
and it is possible that differences in picture quality may
have impacted results. We attempted to account for po-
tential variation by shadows and other effects within the
photos by using RGB data obtained from four separate
quadrants within a selected skin area in each photo-
graph. Further, variation in sampling method and area
selection may have been somewhat minimized because
a single investigator conducted this part of the study.
Although our study appears to represent a wide varia-
tion in skin tones, we recognize that the sample size is
moderate and may not reflect all skin tone variations.
Overall, the study includes only a small population of
participants who identify as Hispanic and may not re-
flect skin tone variation observed in other racial and eth-
nic groups. Future studies should be considered across
broader racial and ethnic populations and skin tones
using higher quality imaging and pre-defined standard
processes for skin tone sampling.
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FIGURE 3 Correlation between HILD scores and RGB scores. Scatter plots were created to show the correlation between RGB
composite score and HILD pharmacodynamic variables. HDTmax, HDCmax, HDAUC, HDEC50 was generally considered weak and did not

meet statistical significance.

It is important that clinical and pharmacodynamic bio-
markers used in clinical and/or research settings are vali-
dated for use in the general population and that variation in
skin color or tone is evaluated appropriately. As previously
described, pulse oximeter measurements have been found to
be less accurate in those with darker skin tone. The impor-
tance of appropriately validated technological advances that
may help to mitigate human error or bias is also recognized.
For example, technologies such as thermography, alterna-
tive light sources, subepidermal moisture measurement,
laser Doppler, and spectrophotometry have been described
that could be used at the bedside by clinical staff to improve
the detection and assessment of common skin injuries such
as pressure sores, which may be subject to human operator
bias.”* Likewise, HILD may provide a more accurate assess-
ment of antihistamine pharmacodynamics in clinical stud-
ies than the current skin prick test method.

In this study, we have shown that HILD may be suit-
able to characterize histamine pharmacodynamic re-
sponse across varying skin tones. Further investigation is

required to elucidate potential reasons for our previously
reported differences in HILD histamine pharmacody-
namic response type across racial groups. More recent
literature has described epigenetic and inflammatory
changes resulting from disparate exposures between racial
groups (e.g., chronic stress) having secondary impacts on
biological processes and functions.? This is an additional
area to consider in our investigation of differential phar-
macodynamic and clinical effects of therapies that may
target potentially altered pathways.

AUTHOR CONTRIBUTIONS
AR, AE, B.R.L, S.B, and B.L.J. wrote the manuscript;
AR., AEE. B.R.L., and B.L.J. designed the research; A.R.,
A.E.,B.R.L.,, and B.L.J. performed the research; A.R., A.E.,
B.R.L., and B.LJ. analyzed the data.

ACKNOWLEDGMENTS
We would like to acknowledge the children and fami-
lies who participated in this study. We would also like to

85U9017 SUOLLUOD SAIER1D 3! (dde 3y} Ag pausonob a1e oo 1L VO ‘SN JO SN 104 Akeig1 dUljUO 8|1/ UO (SUO}IPUOD-PUR-SWUBH WO A 1M Afelq 1B {UO//STIL) SUOIPUOD pUe SLR 18U} 385 *[7202/c0/82] U0 Ateiq 1T aulluo AS|IM ‘2LLET'SP/TTTT OT/I0p/L0D A8 |imAleiq i putjuoidase//sdny wo.y papeojumoq ‘€ ‘720e ‘290825LT



8of 8 |

RAMPRASAD ET AL.

ASCPT

acknowledge the Children's Mercy Writing Center for ed-
iting of our manuscript.

FUNDING INFORMATION

Funding provided by National Institutes of Health, Eunice
Kennedy Shriver National Institute of Child Health and
Human Development grant 1IR01HD100545.

CONFLICT OF INTEREST STATEMENT
The authors declared no competing interests for this work.

ORCID

Aarya Ramprasad © https://orcid.
org/0000-0002-2373-1522
Shiva Balasubramanian
org/0000-0002-3851-6403

https://orcid.

REFERENCES

1. Belgrave DC, Simpson A, Buchan IE, Custovic A. Atopic
dermatitis and respiratory allergy: what is the link.
Curr Dermatol Rep. 2015;4(4):221-227. doi:10.1007/
$13671-015-0121-6

2. Vital signs: Asthma in children - United States, 2001-2016.
Centers for Disease Control and Prevention. 2018. Accessed
October 2023. https://www.cdc.gov/mmwr/volumes/67/wr/
mm6705el.htm, 155

3. X. Liu, B. Jones, J. Roberts, C. Sherwin, (2016). Population
pharmacokinetic/ pharmacodynamic modeling of histamine
response measured by histamine iontophoresis laser doppler. J
Pharmacokinet Pharmacodyn. 43:1-9. DOI: 10.1007/510928-016-9478-9,
385, 393.

4. Kumar SS, Liu X, Sherwin CM, Jones BL. The reliability of his-
tamine pharmacodynamic response phenotype classification in
children with allergic disease. Front Pharmacol. 2020;11:227.
doi:10.3389/fphar.2020.00227

5. Branco ACCC, Yoshikawa FSY, Pietrobon AJ, Sato MN.
Role of histamine in modulating the immune response
and inflammation. Mediat Inflamm. 2018;2018:9524075.
doi:10.1155/2018/9524075

6. Yamauchi K, Ogasawara M. The role of histamine in the patho-
physiology of asthma and the clinical efficacy of antihistamines
in asthma therapy. Int J Mol Sci. 2019;20(7):1733. doi:10.3390/
ijms20071733

7. lontophoresis controller: Moorvms-ion. Moor Instruments.
2020. Accessed October 2023. https://www.moor.co.uk/en-us/
products/control/iontophoresis-controller/

8. Turner J, Belch JJ, Khan F. Current concepts in assessment of
microvascular endothelial function using laser doppler imag-
ing and iontophoresis. Trends Cardiovasc Med. 2008;18(4):109-
116. doi:10.1016/j.tcm.2008.02.001

9. Guven G, Dijkstra A, Kuijper TM, et al. Comparison of laser
speckle contrast imaging with laser doppler perfusion im-
aging for tissue perfusion measurement. Microcirculation.
2023;30(1):€12795. doi:10.1111/micc.12795

10. Jones BL, Abdel-Rahman SM, Simon SD, Kearns GL, Neville
KA. Assessment of histamine pharmacodynamics by microvas-
culature response of histamine using histamine jontophoresis

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

laser doppler flowimetry. J Clin Pharmacol. 2009;49(5):600-605.
doi:10.1177/0091270009332247

Jones B, Sherwin C, Liu X, Dai H, Vyhlidal C. Genetic varia-
tion in the histamine production, response, and degradation
pathway is associated with histamine pharmacodynamic re-
sponse in children with asthma. Front Pharmacol. 2016;7:524.
doi:10.3389/fphar.2016.00524

Jablonski NG. Skin color and race. Am J Phys Anthropol.
2021;175(2):437-447. doi:10.1002/ajpa.24200

Toannidis JPA, Powe NR, Yancy C. Recalibrating the use of race
in medical research. JAMA. 2021;325(7):623-624. d0i:10.1001/
jama.2021.0003

Shi C, Goodall M, Dumville J, et al. The accuracy of pulse ox-
imetry in measuring oxygen saturation by levels of skin pig-
mentation: a systematic review and meta-analysis. BMC Med.
2022;20(1):267. doi:10.1186/s12916-022-02452-8

Cabanas AM, Fuentes-Guajardo M, Latorre K, Ledén D, Martin-
Escudero P. Skin pigmentation influence on pulse oximetry ac-
curacy: a systematic review and bibliometric analysis. Sensors
(Basel). 2022;22(9):3402. d0i:10.3390/522093402

Jones B, Kearns G, Neville K, Sherwin C, Spigarelli M, Leeder J.
Variability of histamine pharmacodynamic response in children
with allergic rhinitis. J Clin Pharm Ther. 2013;53(7):731-737.
RGB explained. geraldbakker.nl. Accessed October 2023.
https://geraldbakker.nl/psnumbers/rgb-explained.html

Image color finder. Image Color Finderl|Pick Colors from
ImageslHEX. RGB & HSL. Accessed October 2023. https://
imagecolorfinder.com/

Moreno I, Contreras U. Color distribution from multicolor LED ar-
rays. Opt Express. 2007;15(6):3607-3618. doi:10.1364/0e.15.003607
Vanga M. Averaging RGB colors the right way. Sighack.
2018. Retrieved August 9, 2022. https://sighack.com/post/avera
ging-rgb-colors-the-right-way

Chou VH, Lee-Wong M, Wong R, Cohen HW. The variances in
histamine control skin-testing response between Asian/Pacific
islanders and other racial groups. J Allergy Clin Immunol.
2004;113(2):S181. do0i:10.1016/j.jaci.2004.01.088

Taylor SC. Diagnosing skin diseases in skin of color. Dermatol
Clin. 2023;41(3):xiii-xv. doi:10.1016/j.det.2023.03.001

Magerl W, Westerman RA, Mohner B, Handwerker HO.
Properties of transdermal histamine iontophoresis: differential
effects of season, gender, and body region. J Invest Dermatol.
1990;94(3):347-352. doi:10.1111/1523-1747.ep12874474
Pusey-Reid E, Quinn L, Samost ME, Reidy PA. Skin assessment
in patients with Dark skin tone. Am J Nurs. 2023;123(3):36-43.
doi:10.1097/01.NAJ.0000921800.61980.7¢

Gudsnuk K, Champagne FA. Epigenetic influence of stress
and the social environment. ILAR J. 2012;53(3-4):279-288.
doi:10.1093/ilar.53.3-4.27

How to cite this article: Ramprasad A, Ezekwe A,
Lee BR, Balasubramanian S, Jones BL. The impact
of skin color and tone on histamine iontophoresis
and Doppler flowmetry measurements as a
pharmacodynamic biomarker. Clin Transl Sci.
2024;17:€13777. d0i:10.1111/cts.13777

85U9017 SUOLLUOD SAIER1D 3! (dde 3y} Ag pausonob a1e oo 1L VO ‘SN JO SN 104 Akeig1 dUljUO 8|1/ UO (SUO}IPUOD-PUR-SWUBH WO A 1M Afelq 1B {UO//STIL) SUOIPUOD pUe SLR 18U} 385 *[7202/c0/82] U0 Ateiq 1T aulluo AS|IM ‘2LLET'SP/TTTT OT/I0p/L0D A8 |imAleiq i putjuoidase//sdny wo.y papeojumoq ‘€ ‘720e ‘290825LT


https://orcid.org/0000-0002-2373-1522
https://orcid.org/0000-0002-2373-1522
https://orcid.org/0000-0002-2373-1522
https://orcid.org/0000-0002-3851-6403
https://orcid.org/0000-0002-3851-6403
https://orcid.org/0000-0002-3851-6403
https://doi.org//10.1007/s13671-015-0121-6
https://doi.org//10.1007/s13671-015-0121-6
https://www.cdc.gov/mmwr/volumes/67/wr/mm6705e1.htm
https://www.cdc.gov/mmwr/volumes/67/wr/mm6705e1.htm
https://doi.org//10.1007/s10928-016-9478-9
https://doi.org//10.3389/fphar.2020.00227
https://doi.org//10.1155/2018/9524075
https://doi.org//10.3390/ijms20071733
https://doi.org//10.3390/ijms20071733
https://www.moor.co.uk/en-us/products/control/iontophoresis-controller/
https://www.moor.co.uk/en-us/products/control/iontophoresis-controller/
https://doi.org//10.1016/j.tcm.2008.02.001
https://doi.org//10.1111/micc.12795
https://doi.org//10.1177/0091270009332247
https://doi.org//10.3389/fphar.2016.00524
https://doi.org//10.1002/ajpa.24200
https://doi.org//10.1001/jama.2021.0003
https://doi.org//10.1001/jama.2021.0003
https://doi.org//10.1186/s12916-022-02452-8
https://doi.org//10.3390/s22093402
https://geraldbakker.nl/psnumbers/rgb-explained.html
https://imagecolorfinder.com/
https://imagecolorfinder.com/
https://doi.org//10.1364/oe.15.003607
https://sighack.com/post/averaging-rgb-colors-the-right-way
https://sighack.com/post/averaging-rgb-colors-the-right-way
https://doi.org//10.1016/j.jaci.2004.01.088
https://doi.org//10.1016/j.det.2023.03.001
https://doi.org//10.1111/1523-1747.ep12874474
https://doi.org//10.1097/01.NAJ.0000921800.61980.7e
https://doi.org//10.1093/ilar.53.3-4.27
https://doi.org/10.1111/cts.13777

	The impact of skin color and tone on histamine iontophoresis and Doppler flowmetry measurements as a pharmacodynamic biomarker.
	Recommended Citation

	The impact of skin color and tone on histamine iontophoresis and Doppler flowmetry measurements as a pharmacodynamic biomarker
	Abstract
	INTRODUCTION
	METHODS
	Statistical analysis

	RESULTS
	Skin color and histamine response

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


