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but Incomplete Predictors of Fitzpatrick Skin Phototype in an
Ethnically Diverse Population
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Abstract

Background—Fitzpatrick skin phototype (FSPT) is the most common method used to assess

sunburn risk and is an independent predictor of skin cancer risk. Due to a conventional assumption

that FSPT is predictable based on pigmentary phenotypes, physicians frequently estimate FSPT

based on patient appearance.

Objective—To determine the degree to which self-reported race and pigmentary phenotypes are

predictive of FSPT in a large, ethnically diverse population.

Methods—A cross-sectional survey collected responses from 3386 individuals regarding self-

reported FSPT, pigmentary phenotypes, race, age and sex. Univariate and multivariate logistic

regression analyses were performed to determine variables that significantly predict FSPT.

Results—Race, sex, skin color, eye color and hair color are significant but weak independent

predictors of FSPT (P<0.0001). A multivariate model constructed using all independent predictors

of FSPT only accurately predicted FSPT to within one point on the Fitzpatrick scale with 92%

accuracy (weighted kappa statistic=0.53).

Limitations—Our study enriched for responses from ethnic minorities and does not fully

represent the demographics of the U.S. population.

Conclusions—Patient self-reported race and pigmentary phenotypes are inaccurate predictors of

sun sensitivity as defined by Fitzpatrick skin phototype. There are limitations to using patient-
reported race and appearance in predicting individual sunburn risk.

© 2014 American Academy of Dermatology, Inc. Published by Mosby, Inc. All rights reserved.

Corresponding Author: Sarah T. Arron, M.D., Ph.D., UCSF Dermatologic Surgery and Laser Center, 1701 Divisadero Street, Third
Floor, Box 316, San Francisco, CA 94115, ArronS@derm.ucsf.edu, Phone: 415-353-7839, Fax: 415-353-7838.

The authors have no conflict of interest to declare.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Am Acad Dermatol. Author manuscript; available in PMC 2015 October 01.

Published in final edited form as:
J Am Acad Dermatol. 2014 October ; 71(4): 731–737. doi:10.1016/j.jaad.2014.05.023.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Keywords

Fitzpatrick skin phototype; Fitzpatrick skin type; sunburn risk; skin cancer risk; suntan; race;
pigmentary phenotype; predictor; hair color; eye color; skin color

Introduction

The incidence of non-melanoma and melanoma skin cancer continues to rise in the United

States (U.S.) and exposure to UV radiation from sunlight is one of the strongest risk factors

for developing these cancers 1. The Fitzpatrick skin phototype (FSPT) classification system

is the most commonly used method to assess sunburn and suntan risk by evaluating patient-

reported sun sensitivity. In 1975, Fitzpatrick first described sun reactive skin types I through

IV to classify persons of white skin, and later modified it to include types V and VI for

persons of brown and black skin 2. Over time, this system has evolved to classify an

individual’s self-reported tendency to burn or tan after moderate sun exposure based on a

scale of six skin types (Table I) 2, 3. A lower Fitzpatrick skin phototype corresponds to skin

that burns easily and tans poorly, and a higher skin phototype indicates skin that burns rarely

and tans profusely. Clinically, Fitzpatrick skin phototype is commonly used to predict skin

cancer risk, guide sun protection advice, and estimate the initial minimal erythema dose

(MED) for Ultraviolet B (UVB), Psoralen with Ultraviolet A (PUVA) and laser

treatments 4–10. Evidence shows that FSPT is a significant and stronger predictor of skin

cancer risk than pigmentary phenotypes such as hair, eye and skin color 9–11

FSPT is strictly defined as the patient self-report of their sun reactivity after moderate UV

exposure 2, 3. However, physicians commonly predict FSPT based on race and pigmentary

phenotypes, leading to the increasing trend for physicians to estimate sunburn and skin

cancer risk based on visual inspection of patient appearance, a method known as physician-

diagnosed skin phototype (PSPT). Given that FSPT is independently associated with skin

cancer risk and the common assumption that race and pigmentary phenotypes predict FSPT,

it is clinically important to investigate this relationship in an ethnically diverse population.

We hypothesize that there is a phenotypically unmeasurable component of race that

influences FSPT beyond its relationship with pigmentary phenotypes. Ultimately, the goal is

to improve our understanding about the determination of skin cancer risk in non-Caucasian

ethnic minorities.

Materials and Methods

Questionnaire Design and Study Population

A 6-month cross-sectional survey study collected internet and paper responses from 3386

individuals regarding age, sex, self-reported Fitzpatrick skin phototype, eye color, hair color,

constitutive skin color determined from the inside of the wrist, and race/ethnicity. FSPT was

determined based on each participant's self-reported response to the question "How does

your skin react if you go outside without sunscreen for half an hour?" (Table I). There was

no physician assessment of skin phototype for study participants. Constitutive skin color was
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measured by showing participants a color schematic and asking them to select the color that

matched closest to the color on their inside wrist (Figure 1).

An electronic link to the survey was distributed using social media sites (Facebook, Twitter)

and was open to response from all over the U.S. In order to enrich for non-Caucasian

participants, we targeted minority group pages on these social media websites. Chain-

referral sampling (recruitment by participants amongst their acquaintances) was employed to

further maximize participant responses. In addition, English and Spanish paper versions of

the survey were distributed during community events, including church gatherings,

community lectures and seminars at UCSF Medical Center. We initially categorized

Hispanic/Latino as an ethnicity rather than a race. However, in our pilot study, Latinos

frequently selected “Other” in response to the race question. Therefore, we included Latino

as an answer option under race. Individuals under the age of 18 were excluded from the

study. Study data were collected and managed using Research Electronic Data Capture

(REDCap) tools at UCSF, a secure web-based application designed to support data capture

for research studies. This study did not collect any protected health information, was

performed in accordance with the Declaration of Helsinki and was self-certified in

accordance with the UCSF Committee on Human Research.

Statistical Analysis

Descriptive statistics were used to summarize overall characteristics of the study population.

We employed univariate analysis to identify significant single predictor variables of FSPT.

The predictor variables assessed include age, sex, race, eye color, hair color, and skin color.

Ordered logistic regression analysis was applied to identify variables that were significant

univariate predictors of FSPT. We subsequently constructed a multivariate model by

backward step-wise approach using those predictor variables with P-value <0.05 in

univariate analysis. The Wald linear test for trend was used to assess multiple-level, ordinal

categorical variables. Pigmentary phenotype categorical variables were ordered from lightest

to darkest. We included all observations in the multivariate model and utilized a 10-fold

cross-validation approach to assess the ability of the model to predict FSPT. In each iteration

of validation, 90% of observations were used to construct the model and 10% were assigned

predicted probabilities for each FSPT category. The model-predicted FSPT was based on the

category with the highest probability and was compared to actual participant-reported FSPT

data. The mean absolute error (MAE) and weighted kappa statistic were calculated to assess

the effectiveness of the constructed model. The MAE measures the average magnitude of

error and was expressed in the units of the variable of interest, FSPT. This validation was

repeated for ten cycles and the MAE was averaged over all cycles. Sensitivity analysis with

generalized ordinal logistic regression was completed to verify that the ordinal logistic

model did not violate the proportional odds assumption 12. Likelihood ratio testing was

performed to compare goodness of fit between multivariate models constructed with and

without race. All statistical significance parameters were set at p<0.05. Statistical analysis

was performed using STATA v11.2 (STATA Corporation, College Station, TX).
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Results

A total of 3386 participant responses were collected from an ethnically diverse general

population, of which 69% (2351) were female and 31% (1024) were male (Table II).

Overall, the mean (SD) participant age was 37.0 (14.8). The racial distribution included

1021 White, 576 Asian, 556 Black, 245 Native American, 342 Latino and 564 multiracial

individuals. Amongst individuals who reported multiple races, the predominant groups were

153 White/Native American, 52 White/Asian, 49 White/Black and 43 White/Black/Latino.

In the collective study population, FSPT distribution was approximately 4.6% type I, 11.1%

type II, 18.1% type III, 22.2% type IV, 25.0% type V, and 18.8% type VI. While 64.6%

(2180) of all respondents had brown eyes and 90.4% (3061) had brown or black hair, only

3.4% (115) people reported to have skin color D, the darkest skin phenotype. The majority

of the respondents (77.5%) reported skin color A or B, the two lightest phenotypes (Figure

1).

Although there were significant differences in FSPT amongst different racial groups

(P<0.0001), the entire range of FSPT (I–VI) was observed in each racial group and in

individuals reporting any range from light to dark pigmentary phenotypes. Our data showed

that 17.7% (204) individuals reporting the lightest pigmentary phenotypes self-identified as

skin phototype V or VI. The predominant FSPT for each racial group were as follows:

White—type III, Latino—type IV, Asian—type V, Native American—type V, and Black—

type VI (Figure 2). Whites and Latinos were the only two groups that reported a

considerable number of type I FSPT (10%), while all racial groups reported a substantial

number of type VI skin phototypes (range 5–45%). Non-Caucasian racial groups were more

likely to tan than Caucasians, where >50% of Asians and Native Americans and >80% of

Blacks reported tanning profusely with minimal or no burning after sun exposure. However,

61 Blacks (11%) also reported burning moderately or very easily (FSPT I, II, III) and 401

Caucasians (39%) reported tanning moderately or profusely (FSPT IV, V, VI). Multiracial

individuals reported FSPT that was influenced by a mixture of their ethnic backgrounds

(Figure 2).

Univariate analysis indicated that sex, age, race, hair color, eye color and skin color were all

significant predictors of FSPT (p<0.0001, Table II). Multivariate analysis revealed that after

controlling for covariates, sex, hair color, eye color, skin color and race were significant,

independent predictors of FSPT (p<0.0001, Table III). The final model did not violate the

proportional odds/parallel lines assumption and there were no qualitative differences

between the ordinal and generalized ordinal models in terms of the results. Men were

significantly more likely to tan than women despite controlling for all covariates (OR 1.28,

95% CI 1.11–1.47, P<0.0001). Individuals with dark skin color were more likely to have a

higher FSPT than those with light skin color (OR 7.48, 95% CI 4.83–11.57, p<0.0001).

Similarly, those reporting black hair were 8-fold more likely to have a higher FSPT than

those with red hair (OR 8.16, 95% CI 4.81–13.84, p<0.0001). In contrast, eye color was a

weaker predictor of FSPT than skin and hair color (OR 1.97, 95% CI 1.56–2.48, p<0.0001).

Race was an independent predictor of FSPT. After controlling for other covariates, Blacks

were more likely than Caucasians to report FSPT VI (OR 3.56, 95% CI 2.74–4.63,

p<0.0001).
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A multivariate logistic regression model was constructed using the variables age, sex,

pigmentary phenotypes and either with or without race to quantify the ability of these

variables to collectively predict individual FSPT (Table III). Following cross-validation,

comparison of model-predicted FSPT results to actual participant-reported FSPT in a model

constructed without race resulted in a weighted kappa statistic of 0.52 (p<0.0001) and MAE

of 0.93. The incorporation of race significantly improved the multivariate model (likelihood-

ratio test p< 0.0001), although only minimally improving the weighted kappa statistic to

0.53 (p<0.0001) and MAE to 0.92. Together, the predicted FSPT values generated from this

model deviated from actual individual FSPT by plus-minus one point on the Fitzpatrick

scale, on average.

Discussion

Together, we report that self-reported race and pigmentary phenotypes are significant but

weak predictors of FSPT and sunburn risk. Construction of a multivariate predictive model

using the strongest, clinically-assessable phenotypic variables that are known to predict

FSPT resulted in a kappa of 0.52, which is usually characterized as only moderate

agreement. We also found a mean absolute error of 0.92, which indicates that model-

predicted FSPT estimates were off by plus-minus one point (on average), and spanned three

levels on the six point Fitzpatrick scale compared to participant self-reported FSPT. It is thus

clear that self-reported appearance and race are only contributing a limited portion to

individually reported sunburn risk, and that important unmeasured covariates impact tanning

and burning more profoundly than conventionally anticipated. These results further highlight

the fact that Fitzpatrick skin phototype is a classification intended to reflect individual sun

sensitivity and not race or phenotypic features; these elements are clearly not the same.

Given that FSPT is widely used clinically to predict skin cancer risk, inaccurate FSPT

evaluation may lead to unreliable skin cancer risk stratification.

A number of studies have suggested a strong correlation between pigmentary phenotypes

and FSPT in Caucasians 13–15, but studies in Korea, Thailand and Colombia 16–19 did not

find such correlation. These data suggest that pigmentary phenotypes may be predictive of

FSPT in Caucasians, but not in non-Caucasian minorities, rendering PSPT a less effective

method of assessing skin cancer risk in an ethnically diverse population like the U.S.

Physicians frequently overestimate sunburn risk for Caucasians based on patient appearance

and underestimate sunburn risk for racial minorities 20. Several studies also discovered that

physicians predominantly assign non-Caucasian, ethnic minorities to FSPT IV, V or VI

based on their skin color or ethnic background and that this method has proven to be

unreliable 21–23. The 2010 U.S. census estimates that non-Caucasian minorities made up

36.3% of the U.S. population, including 16.3% Hispanics or Latinos, 12.6% African

Americans or Blacks, and 4.8% Asians 24. With this evolving ethnic diversity in the U.S.,

understanding the relationship between race, clinical pigmentary phenotypes and FSPT will

impact our assessment of sunburn and skin cancer risk in ethnic minority patients.

We discovered that self-reported race is a weak independent predictor of FSPT even when

controlling for pigmentary phenotypes, age, and sex. Although skin pigmentation is

primarily responsible for differences in UV-induced DNA damage across different racial
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groups 25, race and genetics have also been proposed to contribute to the complex nature of

skin response to UV damage and differences in individual sunburn risk. Our results lead us

to believe that in addition to race and pigmentary phenotypes, there are unmeasured

covariates that influence FSPT beyond physical appearance, perhaps through differential

expression of genes that regulate the rate of melanization and distribution, or regulatory

mechanisms for UV-induced DNA damage repair. Studies have reported that the

redistribution rate of existing melanin towards the skin surface following sun exposure

differs across different racial groups 26. Genetic polymorphisms affecting the differential

infiltration of neutrophils to UV-damaged skin and the subsequent production of

inflammatory cytokines (e.g. IL-10) and matrix metalloproteinases (e.g. MMP-1, MMP-9)

have also been proposed as a potential mechanism that lead to differences in UV-associated

skin damage in black versus white skin 25.

This is the largest study assessing the predictability of FSPT using self-reported race and

pigmentary phenotypes in an ethnically diverse, heterogeneous population. One potential

limitation of this study is that the sample population is not representative of the

demographics of the United States. However, our goal was to investigate whether race and

pigmentary features are predictive of FSPT in an ethnically diverse, multiracial population;

therefore we enriched for non-Caucasian responses. The implemented survey was not

validated for reliability, and we have not investigated the direct correlation between

physician-diagnosed skin phototype and self-reported FSPT in this study. Thus, we cannot

comment on the accuracy of physician assessment of FSPT in the clinical setting.

In summary, our study demonstrates that self-reported race and pigmentary phenotypes are

not predictive of individual sunburn risk, as measured by the Fitzpatrick skin phototype

scale. We present this data to highlight the potential limitations of a patient’s self-reported

race and physical appearance in predicting individual sun sensitivity, and by extension, self-

reported skin cancer risk. The results from our study expand on previous data demonstrating

that self-reported FSPT correlates poorly with race 20. Currently, FSPT as defined by patient

self-report remains to be the gold standard for describing sensitivity to UV exposure, and by

extension UV-related outcomes such as skin cancer risk 8–10, 27. However, studies

supporting this belief have been mainly conducted in ethnically homogeneous Caucasian

populations 9. We recently reported that the risk of squamous cell carcinoma increased with

each incremental decrease in FSPT in an ethnically diverse population of American organ

transplant recipients, providing evidence that FSPT is an independent predictor of skin

cancer risk in this population 11. Future studies will examine the effectiveness of FSPT in

predicting skin cancer risk in a large, ethnically diverse general population.
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Abbreviations

FSPT Fitzpatrick skin phototype

MAE Mean absolute error

MED Minimal erythema dose

PSPT Physician-diagnosed skin phototype

PUVA Psoralen with ultraviolet A

REDCap Research Electronic Data Capture

UCSF University of California, San Francisco

U.S United States

UV Ultraviolet

UVB Ultraviolet B
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Capsule Summary

• Fitzpatrick skin phototype (FSPT) is a patient-reported measure of sunburn risk

and is a significant predictor of skin cancer risk.

• Self-reported race and pigmentary phenotypes are inaccurate predictors of

FSPT.

• There are limitations to using self-reported race and appearance in predicting

sunburn risk, as measured by the original Fitzpatrick system.
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Figure 1.
Determination of constitutive skin color. Participants were asked to select the color on the

inside of their wrist as depicted by the arrow that matched closest to the displayed color

schematic.

A. Light

B. Fair

C. Medium

D. Dark
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Figure 2.
Comparison of FSPT distribution in subjects across different racial groups.
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Table I

Determination of Fitzpatrick skin phototype (FSPT).

Fitzpatrick Skin Phototype Sunburn Tendency Suntan Tendency

I Always Burns Easily Never Tan

II Always Burns Easily Tans Slightly

III Burns Moderately Tans Gradually

IV Burns Minimally Tans Moderately

V Rarely Burns Tans Profusely

VI Never Burns Tans Profusely
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