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Summary statement

Sunscreens are tested in laboratories, using artificial light sources to measure UVB or UVA protection, 

but in real life, sunlight contains other types of light that can also damage the skin. We tested an 

outdoor method to see if it could differentiate between the protection afforded by 3 different 

sunscreens (an SPF 15, SPF 30 and SPF 50+) in people from Chinese and Caucasian backgrounds. The 

method was able to identify differences in protection (levels of tanning and burning) among these 

products; we therefore think that it is a reliable method for categorizing sun protection. Chinese and 

Caucasian people might have different responses to sun exposure, but larger studies are needed. 

Keywords: ethnic, racial, pigmentation, sunburn, erythemaA
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Abstract

Background. Currently, sunscreens’ sun protection factor (SPF) and ultraviolet (UV) A protection are 

tested separately under indoor conditions, without considering external conditions that may affect 

performance. Studies are often conducted in Caucasian individuals; other racial groups may respond 

differently.

Methods. An outdoor, double-blind, intra-individual study was performed in 63 healthy Chinese and 

Caucasian volunteers in Singapore. Subjects underwent one outdoor sun exposure lasting 2-3 hours. 

ISO reference products P3 (SPF 15), P5 (SPF 30) and P8 (SPF 50+) applied at 2 mg/cm2 were compared 

against each other and against an untreated exposed area (positive control) and an unexposed area 

(negative control). Endpoints were investigator global assessment (IGA) of erythema at 24 hours, IGA of 

pigmentation at 1 week, and colorimetry (a*, L* and ITA) at 24 hours and 1 week.

Results. Clinical erythema and pigmentation scores were statistically significantly different among the 

three sunscreens, with the highest SPF product providing the highest protection, confirming the 

discriminatory capacity of the model used. Colorimetric assessment correlated well with clinical 

evaluation. 

Conclusion

This study confirmed the feasibility of ranking sunscreens (at 2 mg/cm2) based on clinical effects of 

high-intensity outdoor solar radiation. Larger studies are needed to look at differences in erythema and 

pigmentation reactions between Chinese and Caucasian individuals, which could be relevant for 

photoprotection.

Introduction

The ability of a sunscreen to prevent ultraviolet (UV)-induced erythema and pigmentation is assessed 

following the international validated indoor in vivo methods of sun protection factor (SPF) testing1 (a 

measure of UVB protection) and UVA protection factor (UVAPF).2 Of these, the SPF value is probably 

the most widely-recognized and widely-used measure of protection level. However, the testing 

methods use solar UV simulators that differ from real sunlight both in irradiance – the irradiance is 

higher than that of sunlight to avoid the need for prolonged exposure – and spectrum. Such indoor 

testing does not provide information on protection against other components of the light spectrum, 

such as visible light, which has been reported by several authors to induce both erythema and A
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pigmentation, nor how different components of the spectrum may interact to intensify such 

responses.3-7 These aspects and how they affect the SPF value under conditions of real sun exposure 

remain unquantified. Some authors have argued that the overall protection level provided by a 

sunscreen in real life may be less than the reported SPF value,8,9 be it due to the wavelengths,9 or to 

suboptimal use, which is undoubtedly an issue in real-life use.8,10-16 Likewise, the impact of 

environmental factors (such as atmospheric conditions or geographical location),8,17,18 or sweat and 

heat19,20 are not integrated in the indoor method.     

Our group previously evaluated a method of outdoor sunscreen testing based on clinical erythema 

scoring and demonstrated that it could differentiate the level of sun protection provided by an SPF 50+ 

product versus the P3 (SPF 15) reference standard when applied at 2 mg/cm2, based on evaluation of 

clinical erythema, colorimetry parameter a*, and immediate pigmentation by colorimetry parameter L* 

at 24 hours.21 The limitations of that study included that the control products were limited to SPF 15 

(medium protection) and SPF 50+ (very high protection). Previously, the ISO norm (24444: 2010)22 for 

SPF testing used only the reference standards of SPF 4 (P7), SPF 16 (P2) and SPF 15 (P3); now, in the 

updated norm ISO 24444:2019, reference standard P7 (SPF 4) has been removed and three other 

reference standards, P5 (SPF 30), P6 (SPF 43) and P8 (SPF 50+), have been added to verify the test 

procedure.1 Another limitation of our previous study was that it focused heavily on erythema, with no 

clinical scoring of light-induced changes in delayed pigmentation. Furthermore, the subjects we studied 

were all Caucasian. Sun protection strategies often target fair-skinned populations, due to an increased 

propensity to sunburn and high risk of skin cancers23; however, non-Caucasian skin types also require 

protection against skin cancer,24 photoaging, and pigmentation changes. Asian, Latino and Black 

individuals are particularly susceptible to pigmentary disorders.25,26 Thus, while photoprotection is 

required for individuals with skin of color, it is unclear if the recommendations should be the same as 

those for Caucasian individuals. In the English literature, there are only a few studies comparing the 

response of Asian and Caucasian skin to sunlight.27-29

The aim of the current study was to determine if this outdoor method would be able to differentiate 

more subtle differences between photoprotection levels by introducing an intermediate level of SPF, 

comparing products labelled as SPF 15 (P3), 30 (P5), and 50 (P8), as measured by erythema and delayed 

pigmentation. A secondary aim was to explore whether differences in skin responses to solar exposure 

between Chinese and Caucasian subjects could be observed.     

 A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Material and methods

Study design and population

This was a single-center, double-blind, randomized, intra-individual clinical study, conducted at an 

outdoor facility in Singapore in June-July 2019 (specifically, Sentosa island, very close to sea level). 

Seventy-nine healthy Caucasian and Chinese volunteers were recruited, aged 21-45 years, with skin 

colors from “light” “intermediate” and “tan” categories based on ITA determination30 (Table 1). 

Individuals who had used a sunbed, or any depigmenting treatment within 3 months prior, or who had 

dermatological conditions (eg multiple nevi, freckles, excess hair or uneven skin tones, vitiligo, 

photodermatoses) or were using topical or oral medications (eg vitamin A derivatives, psoralen, 

aminolevulinic acid derivatives, anti-inflammatories, corticosteroids) that would affect assessment of 

efficacy or safety were excluded.

Sun exposure and protection

The methods followed those used in our previously-published study.21 Briefly, on the backs of the 

volunteers, five 12 cm2 squares were marked out with tape, while the rest of the back was protected 

with UV-protective clothing, including the non-exposed control area. Each square was randomized to 

receive one of three sunscreens, applied at 2 mg/cm2: reference standards P8 (SPF 50+; UVAPF 20.2), 

P5 (SPF 30; UVAPF 9.2) or P3 (SPF 15; UVAPF 2.5) of ISO norm 24444:2019,1 or no sunscreen (two 

squares). Of the two squares that had no sunscreen, one was exposed to sunlight for 1 hour 

(unprotected skin, positive control, 1-hour duration to minimize skin damage), and one was not 

exposed at all (unexposed skin, negative control). The investigator, technician, and subject were 

blinded to which areas were treated with which sunscreen. For safety reasons, if any area became 

erythematous during the experiment, it was to be covered with the same protective tape used to mark 

out the test areas.

Fifteen to 30 minutes after application, subjects spent 2-3 hours outdoors (earliest start time, 12.05; 

latest end time, 17.10), in a prone position, with the rest of the body covered with clothes, hats, and 

sunglasses, and facial sunscreen. To minimize unnecessary sunburn risk, the duration of exposure 

depended on the individual’s skin color: those with intermediate or tan skin color were exposed for 3 

hours, calculated as corresponding to a cumulative UVB dose of approximately      1800-2000 J/m2 eff., 

while those with light skin color were exposed for 2 hours, or until they had received approximately 

1200 J/m2 eff, whichever occurred first. After exposure, subjects were instructed not to expose their A
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back again until the final evaluation (day 8). During this time, no topical cream (medical, cosmetic, or 

otherwise) was applied to the study areas and no oral anti-inflammatory drugs were allowed.

For each individual, the cumulative UVB and UVA doses received were measured with a PMA2100 

radiometer along with PMA2101 erythema UVB and PMA2110 UVA sensors (all, Solar Light Company 

Inc, PA, USA), placed at the level of the subject’s back. This radiometer reads the irradiance and 

through its software calculates the cumulative UVA (J/cm2) and erythemally-weighted UVB (J/m2 eff) 

dose received by multiplying irradiance and exposure time. The UV index was calculated from the 

values of erythemal UV irradiance measured by the radiometer. Irradiance was measured with the 

radiometer every 10 minutes of sun exposure. Temperature and hygrometry were recorded with a 

Testo 608-H1 thermohygrometer (Testo SE & Co.KGaA, Lenzkirch, Germany); both were measured in 

the same area where subject sun exposure occurred.

Outcomes

The primary outcome was the investigator global assessment (IGA) of clinical erythema at 24 hours 

after sun exposure, graded on a 6-point scale (0=none, to 5=very severe with blistering) 

(Supplementary Table 1).21 This was performed by a trained physician under the supervision of a 

board-certified dermatologist. Failure of photoprotection was defined as erythema grade ≥2, that is, 

unequivocal erythema.

As a secondary outcome, IGA of delayed pigmentation was assessed 1 week after exposure (day 8, as a 

measure of light-induced increased melanogenesis) (0=no difference, to 4=intense dark brown) 

(Supplementary Table 1).

In addition to clinical scores, colorimetry assessment was performed at 24 hours and 1 week after sun 

exposure with the CR400 Chroma Meter (Konica Minolta Inc., Tokyo, Japan) for parameters 

a*=erythema, L*=pigmentation, and ITA°=skin color typing.31 Colorimetry results are reported as 

percentage difference vs unexposed skin; absolute change (Δ) values32 are also provided in 

supplementary material for completeness (Supplementary Tables 3, 4 and 5).

Before all assessments, subjects spent 15 minutes in a temperature- and hygrometry-controlled room. 

Safety was assessed through adverse event reporting and recording of signs or symptoms of skin 

irritation.

EthicsA
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The study was approved by Parkway Independent Ethics Committee (PIEC, 24/05/19), and conducted in 

compliance with the Declaration of Helsinki and its modifications, Good Clinical Practice E6(R1) 

(CPMP/ICH/135/95) and E6(R2) addendum, and according to local laws.

Statistical analysis

Analyses were performed on 63 subjects (see results below, and Supplementary Figure 1). Quantitative 

variables were summarized using measures of central tendency and dispersion. Qualitative variables 

were summarized using frequencies and percentages. In addition to treating the clinical scores of 

erythema as quantitative data, the frequency of each observation (erythema grade) was listed, by 

product.

For the clinical scores of erythema and pigmentation (ordinal in nature), the Wilcoxon signed rank test 

was used for pairwise comparisons between the concerned zones, while for colorimetry measurements 

(L*, a* and ITA°), which are highly numerical and fairly normally distributed, the paired samples t-test 

was used. Bonferroni’s adjustment, a conservative method to adjust for the multiplicity problem, was 

used. 

Statistical software SPSS 19.0 and Microsoft Excel 2010 or above were used. P-values <0.05 were 

considered significant.

Results

Seventy-nine subjects were enrolled in this study. Sixty-five participated in the exposure part of the 

study: weather conditions on one of the study days led to cancellation, and 13 subjects who had signed 

informed consent were unavailable to be rescheduled. One subject was found to have numerous solar 

lentigines on the back after having signed the consent form and therefore was rejected by the 

investigator before any study procedure. At the analysis stage, two subjects were deemed to have a 

baseline ITA value that was too low (<20) so were excluded. The results reported here are thus based 

on the 63 subjects with ITA>20 who received the sunscreens and sunlight exposure (Supplementary 

Figure 1, flowchart of participants). Participant characteristics are detailed in Table 1. Due to the small 

sample number in the Caucasian group, statistical analysis comparing the Caucasian and Chinese 

groups was not performed, but results are described. Supplementary Table 2 contains detailed results 

of exposure times and durations and clinical scoring results. One subject had a zone where the SPF 15 A
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product was applied, which required premature covering at 1 hour 36 minutes from the start of 

exposure; otherwise, the areas were exposed as per the protocol.

UV radiation doses

Depending on the day of exposure, the minimum UVB dose received during the study was      

716.9 J/m2 eff and the maximum was 1905.3 J/m2 eff; the minimum UVA dose received was 11.41 J/cm2 

and the maximum was 42.22 J/cm2. Eight subjects received less than 1000 J/m2 effective of UVB 

radiation (5 light skin color, 2 intermediate and 1 tan) due to a change in weather conditions. All 

volunteers were exposed at some point to a high UV index (≥6); 35 subjects (53.8%) were exposed at 

some point to a very high UV index (8-10). The temperature ranged from 29.9°C to 48.4°C, and 

hygrometry from 29.5% to 75.3%.     

Clinical erythema score at 24 hours

As expected, mean erythema score at 24 hours was highest in the positive control area (no sunscreen, 

exposed), where it showed an inverse relationship with skin color category (Figure 1A and B), despite 

the darker skin color categories being exposed for longer as part of the study design. There was a 

statistically significant difference in mean clinical erythema score among all test areas, except between 

the SPF 50+ and the unexposed area, confirming the capacity of the method to differentiate between 

sunscreen protection categories. 

Erythema scores are presented in Figure 1. The Caucasian group appeared to have a higher mean 

erythema score than the Chinese group in the SPF 30 test area (Figure 1A). Also at SPF 30, the Chinese 

group had a greater proportion of subjects with no clinical evidence of burning (erythema score of 0) 

than the Caucasian group (Figure 2A). However, the limited Caucasian sample size prevents us from 

making meaningful comparisons between these groups.

In terms of failure of photoprotection (erythema score ≥2), overall there was one failure with SPF 50+ 

(grade 2 erythema in one individual with light skin color), three failures with SPF 30 (grade 2 erythema 

in two individuals with intermediate, and one with tan skin color), and 13 failures with SPF 15 (12 grade 

2 and one grade 3 erythema; three light, six intermediate, four tan; the grade 3 erythema was in an 

individual with tan skin color). Figure 2B shows the proportion of subjects with failure of 

photoprotection by racial group. 

Clinical pigmentation score at 1 weekA
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The mean clinical pigmentation score at 1 week was significantly different among test areas (Figure 3). 

The Chinese group appeared to have greater pigmentation changes than the Caucasian group overall 

(despite having fewer subjects with tan skin color at baseline).

Colorimetry at 24 hours

At 24 hours, a* values aligned well with the clinical erythema scores, with mean a* values decreasing 

(less erythema) as SPF increased (Figure 4A). Data on absolute Δa* at 24 hours is provided in the 

supplementary material; the percentage of subjects with Δa* ≥2.533 decreased progressively as SPF 

increased.

Percentage differences compared to the unexposed control area showed statistically significant 

differences between adjacent photoprotection levels (Figure 4A). The percentage difference in a* 

between the unexposed control area and exposed unprotected control area was 101.2±58.3% in the 

Chinese group and 43.8%±32.5% in the Caucasian group.

Percentage changes in L* and ITA were more modest than changes in a* at this point (less than 10% 

change in L*, 30.8% change in ITA; Figures 4B and 4C). Both L* and ITA also showed statistically 

significant differences between adjacent SPF test areas at this point (Figures 4B and 4C).

Colorimetry at 1 week

The overall patterns in colorimetry (a*, L* and ITA) persisted at 1 week. The Chinese group appeared to 

show greater differences than the Caucasian group (Figure 5), though again, the small size of the 

Caucasian group severely limits interpretation. Percentage differences (vs unexposed) for all 

colorimetry parameters remained significant between adjacent areas (Figure 5). 

Example photographs of the appearance of test areas are available in Supplementary Figures 2 and 3. 

Discussion

The main objective of this study was to confirm the ability of this outdoor method to differentiate 

levels of protection from sunscreens with SPF 15, 30 and 50+ based on clinical erythema (typically, 

though not exclusively, linked to UVB) and pigmentation assessment (typically linked to UVA and high-

energy visible light in skin phototype III and higher), taking into account the whole solar spectrum, with 

supporting colorimetry tests. An additional objective was to explore potential differences in sunscreen 

protection and responses to sunlight between Chinese and Caucasian populations living in Singapore. A
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This secondary objective was severely limited due to the drop out of Caucasian subjects, but some of 

the findings may stimulate further investigation.

It should be noted that this study was designed to test the discrimination between the three reference 

products of the ISO norm (24444)1 in conditions of exposure to real sunlight. Although it used features 

of ISO testing methods as a baseline,1,2 it did not strictly follow these methods. For example, the ISO for 

SPF testing,1 which assesses erythema as an endpoint, requires a minimum ITA of 28 while the ISO for 

UVAPF testing,2 which uses pigmentation as an endpoint, requires a minimum of 20. Other studies 

using outdoor methods of evaluating sun protection21,34-39 have used criteria such as “phototypes” I-III, 

II-IV or I-IV. In the present study, which assessed both erythema and pigmentation, the initial inclusion 

criteria included subjects with “tan” skin color, corresponding to approximately phototype IV, and 

which has as its lower limit an ITA of 10; however, following review we excluded two subjects with a 

very low ITA (13 and 19, respectively), setting a minimum ITA of 20 in an attempt to bring it into line 

with the ITA used in ISO UVAPF testing.2

Overall, we found that all tested products, under these conditions, provided a level of photoprotection 

that aligned well with the reported SPF and UVAPF, in that it allowed sunscreens to be ranked in order 

of protection, based on both erythema (24 hours) and pigmentation (1 week). Colorimetry results also 

backed these results with statistically significant differences between all SPF levels both at 24 hours and 

at 1 week. This supports our previous findings21 from a study that assessed SPF 15 vs 50+ based on 

erythema, but the present study adds a greater discriminatory capacity as it was possible to 

differentiate between SPF 30 (high protection) and the other categories of SPF 50+ (very high 

protection) and SPF 15 (medium protection).

Some results are worthy of further comment: under these high to very high UV-index conditions, the 

SPF 15 tested did not provide sufficient protection, since 20% of subjects experienced sun protection 

failure (erythema grade ≥2) including some subjects with tan skin color; the SPF 30 and SPF 50+ 

reference products had just a 4% and 1.5% failure rate, respectively. This confirms that SPF 15 is 

inadequate in this setting. Some previous outdoor studies have sought to determine whether SPFs 

above 50 provide additional benefit (generally finding that they do, under extreme outdoor conditions 

such as the beach or ski-slopes).35-37,40 Ou-yang et al were able to determine that SPF 70 was more 

effective than SPF 30 in an outdoor study at the beach.38 Lott et al assessed clinical erythema response 

with SPF30, 50 and 100, seeking to determine if SPFs above 50 offered clinically meaningful 

protection.37 They concluded that SPF 50 and SPF 100 were “measurably better” than the SPF 30 

product, but that neither offered complete protection, and noted that the SPF 30 did not offer good A
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protection in that fair-skinned study population. This is interesting because we also noted an apparent 

difference in skin reactions around the SPF30 mark, where there seemed to be a greater proportion of 

the Caucasian group with failure of sunscreen. 

 Previous outdoor studies21,34-39 have used erythema as an endpoint, in line with the aim of preventing 

sunburn; naturally this is a key endpoint that must be assessed, but our study adds to this by including 

data on protection from solar-induced pigmentation. Interestingly, while we observed good protection 

against erythema, the protection against solar-induced pigmentation remain limited, even when using 

the SPF 50+ sunscreen. Thus, a further advantage of this method is that it allows simultaneous 

evaluation of erythema and pigmentation, which are usually tested separately with indoor in vivo 

methods.1,2,41 It also takes into account the full solar spectrum including wavelengths of light outside 

the UV spectrum known to induce erythema and pigmentation in real life.5,7,9,42 

Regarding potential differences between the Chinese and Caucasian groups, although the small sample 

size of the Caucasian group prevented statistical analysis and limits the generalizability of the findings, 

certain areas may warrant further larger studies on differences in sun protection requirements. In 

particular, it appears that, under the study conditions, "medium” SPF 15 offers insufficient protection 

for most, and “very high” SPF 50+ offers sufficient protection for most, whereas “high” SPF 30 may be 

enough for some population groups only, as reflected by differences in failure of photoprotection. We 

think that this difference is unlikely to be due to simple skin color differences between the groups, as 

the Chinese group did not have a greater proportion of darker skin color (based on ITA). 

Another point that would warrant further study is the apparent greater pigmentation response in the 

Chinese group at 1 week on clinical scoring and supported on colorimetry parameters L* and ITA. This 

would need to be tested in a larger sample to determine if such a difference is maintained. If so, a 

possible explanation could be a higher susceptibility to the pigmenting effects of long wave UVA and 

HEV light5 that are not well (or at all) protected with such sunscreens (low UVA protection for P5 and 

very low UVA protection for P3). 

The lower clinical incidence of sunburn (greater proportion with grade 0 erythema) observed in the 

Chinese group in our study is in line with the reported lower rate of sunburn in Asian than White 

population groups (USA),43 and the higher minimal erythemal doses required in Asian and particularly 

Chinese individuals, compared to Caucasians.44 As described by Chan et al, Asian skin has a greater 

tendency to develop postinflammatory hyperpigmentation, and pigmentary disorders in general.25 

Indeed, melanogenesis can be stimulated with a suberythemogenic dose of solar radiation.45 A
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Differences in pigmentation are due to melanin production and type,46,47 melanosome stage, and 

melanin distribution in the epidermis.48,49 This becomes clinically relevant because an inverse 

relationship exists between constitutive pigmentation and UV-induced DNA damage.46,48 However, 

while clear differences in DNA repair have been demonstrated between Black and White skin, and even 

with Asian skin,46 to our knowledge, direct comparison of DNA repair comparing Asian and Caucasian 

individuals with the same skin color category or phototype has not been studied. It is conceivable that 

different racial groups within the same skin color category or phototype could have different DNA 

repair mechanisms or inflammatory reactions, perhaps being more severe or prolonged once a 

threshold is reached.50,51 This represents an appealing area for future investigation.

Outdoor studies can be difficult to standardize and are susceptible to many technical issues and 

weather conditions, but they help develop our understanding of photoprotection. This study was 

conducted on several days over a 3-week period, so there was some variation in conditions between 

subjects in terms of UV index, hygrometry etc, and some subjects (those with lighter skin color) 

received less exposure (2 hours rather than 3, to prevent severe sunburn); however, each subject 

served as their own control to try to reduce the effect of this variability. The study also provides some 

initial data on potential differences between Chinese and Caucasian groups, which could be used as a 

starting point for a larger study on this subject. Further studies could seek to prove or disprove 

potential differences between racial groups in response to solar exposure. This could help determine 

whether such population groups need the same level of UVB, UVA, and visible light protection, to 

provide a more personalized, effective protection.42,52

Conclusion

Under the conditions of this outdoor study, the proposed clinical model was able to discriminate and 

rank sunscreens of different protection categories based on clinical scoring of the key indicators of 

erythema and pigmentation and was supported with colorimetry. Larger studies are needed to analyze 

in more detail any potential differences in response to solar exposure between racial groups.
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Tables

Table 1. Characteristics of study participants

Characteristic Total N=63 Chinese subgroup 

N=53 

Caucasian subgroup 

N=10

Age, years, mean 

(min-max)

30 (21-45) 30 (21-45) 30 (25-45)

Sex 

Male 32 (51%) 31 (58%) 1 (10%)

Female 31 (49%) 22 (42%) 9 (90%)

Skin color category (ITA) 

ITA 42-55 “light” 26 (41%) 24 (45%) 2 (20%)

ITA 29-41 

“intermediate” 

26 (41%) 22 (42%) 4 (40%)

ITA 20-28 “tan”* 11 (17%) 7 (13%) 4 (40%)

ITA, mean±SD (min-max)

Total group 38±9 (21-53) 39±8 (21-53) 32±8 (22-46)

* The cutoff for this skin color category would be 11-28; however, this study used a lower cutoff of ITA 

20 for inclusion in the analysis.
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Figures 

  
 

 

Figure 1. Clinical erythema scores at 24 hours. A. Overall and Chinese and Caucasian 

subgroups; B. By skin color category. Light: 41<ITA°≤55; intermediate: 28<ITA°≤41, tan: ITA 

10<ITA°≤28. The height of the bars are the means and error bars indicate 95% confidence 

intervals (CI). Note: subjects with light skin had a shorter exposure time to minimize sunburn. 

Statistical test: Wilcoxon Signed Rank test with Bonferroni’s adjustment 

Abbreviations: SPF, sun protection factor 
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Figure 2. A, Percentage of subjects with no evidence of sunburn (erythema score 0) at 24 

hours; B, Percentage subjects with failure of photoprotection (score ≥2, unequivocal 

erythema) at 24 hours. 

Abbreviations: NTEZ, non-treated exposed zone  

  

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



  

 

Figure 3. Clinical pigmentation scores at 1 week. A. Overall and by Chinese and Caucasian 

subgroups; B By skin color category.  Light: 41<ITA°≤55; intermediate: 28<ITA°≤41, tan: ITA 

10<ITA°≤28. The height of the bars are the means and error bars indicate 95% CI. Note: 

subjects with light skin had a shorter exposure time to minimize sunburn. 

Statistical test: Wilcoxon signed rank test followed by Bonferroni’s adjustment 
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Figure 4. Colorimetry at 24 hours, expressed as percentage with respect to unexposed skin. 

Significant differences between adjacent protection levels for all parameters. A: a*parameter, 

higher values denote more erythematous skin; B: L*, lower values denote more pigmented 

skin.; C: ITA°, lower values denote darker skin.  

Statistical test: Paired samples t-test followed by Bonferroni’s adjustment 

 

 

  

  

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



  

 

 

 

Figure 5. Colorimetry at 1 week, percentage difference vs unexposed skin. A: a*parameter, 

higher values denote more erythematous skin; B: L*, lower values denote more pigmented 

skin.; C: ITA°, lower values denote darker skin.  

Statistical test: Paired samples t-test followed by Bonferroni’s adjustment 
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