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Abstract: Background: Patch testing reactions can be difficult to interpret in patients with skin of color (higher
Fitzpatrick skin types [FSTs]) due to limited erythema or vesiculation. Missed reactions may lead to prolonged
allergic contact dermatitis duration and prevent disease clearance in this population.
Objective: To compare the frequency of borderline patch test reactions in patients with different FSTs (I, II, III, IV,

V, VI).
Methods: Retrospective study of 1899 patients comprehensively patch tested in a major metropolitan area

over a 4-year period. Borderline (doubtful, –) reaction frequency and patient FST were recorded and used for
analysis.
Results: There were statistically significant differences in the frequency of borderline reactions between FSTs I/II

and V/VI (P < 0.0001) and across all 6 FSTs (P < 0.0001). Patients with FST V or VI had 43% lower odds of having a
borderline reaction (OR: 0.57, 95% CI: 0.47–0.69) compared with patients with FST I or II. Patients with FST VI
showed the lowest proportion of borderline reactions.
Conclusions: Among patients with skin of color, borderline reactions are diagnosed less commonly and may be

missed. This has the potential to prolong dermatitis symptoms and prevent disease clearance.

Capsule SUMMARY

• Patients with skin of color are 43% less likely to have a bor-
derline reaction diagnosed by a patch testing dermatologist.

• Failing to identify a patch test reaction may impact an
allergen avoidance plan, and thus prevent clearance of
allergic contact dermatitis.

• Continued education on reading patch test reactions in
patients with skin of color is needed.

INTRODUCTION

The Fitzpatrick skin type (FST) classification system func-
tions to categorize 6 different skin types according to color

and response to UV light (Table 1). Patients with lighter skin
tones, who are classified into lower FSTs (I, II), have lower levels
of melanin pigment present in their skin and thus easily experi-
ence sunburn. In contrast, patients with darker skin tones, who
are classified into higher FSTs (V, VI), have higher levels of mel-
anin pigment present in their skin and rarely experience
sunburn.1

Several studies have discussed potential difficulty in read-
ing patch test reactions in patients with skin of color, particu-
larly for patients with FST V or VI. Specifically, in a review of
patch testing in this population, Burli et al. found that posi-
tive reactions frequently presented with lichenification and/or
hyperpigmentation rather than the hallmark erythema and
vesiculation. Furthermore, the authors reported that positive
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results in patients with higher FSTs had the potential to
appear violaceous or faint pink, as opposed to the characteris-
tic bright red manifestation often seen in lighter skin tones.2

In addition, Yu et al. concluded that a lack of erythema and/
or early papular response in patients with skin of color com-
plicates reaction interpretation.3

These differences in characterization are especially important
in the evaluation of borderline, or “doubtful,” reactions in these
populations, as they exhibit less visible and palpable skin mani-
festations than mild and strong reactions. For comparison, exam-
ples of borderline patch test reactions in patients with FST II and
FST V are displayed in Figure 1. It is important to note that bor-
derline reactions have been shown to have clinical relevance for
patients with allergic contact dermatitis, as demonstrated in
a recent study in which 79% of patch-tested patients
reported that their borderline reactions were relevant to
their dermatitis symptoms.4 Several authors have also rec-
ommended that borderline reactions be given similar con-
sideration to stronger reactions.5,6

The hallmarks of positive patch test results (erythema, vesicu-
lation, and the formation of papules) may be more apparent in
patients with lighter skin tones/lower FSTs. The subtle presenta-
tion of these findings in patients with skin of color may result in
missed reactions, which could have significant impacts on a

patient’s allergen avoidance plan. This would presumably pro-
long dermatitis duration and prevent disease clearance.7,8

In this study, we compared the frequency of borderline reac-
tions in patients with FST I/II versus FST V/VI. We also calcu-
lated the frequency of borderline reactions for all 6 FSTs (I, II,
III, IV, V, VI). Our primary goal was to address the following
question: Do patients with higher FSTs have lower rates of bor-
derline reactions compared to patients with lower FSTs? The
findings of our study imply a need for more in-depth education
and instruction on proper reading of reactions in patients with
skin of color.

METHODS

Data Collection

We conducted a retrospective analysis evaluating the frequency
of borderline reactions diagnosed during patch testing across
different FSTs. At our institution, each patient’s FST is assessed
and documented at their first visit. Deidentified data were col-
lected from patients who underwent patch testing at the Park
Nicollet Contact Dermatitis Clinic in Minneapolis, MN,
between July 2020 and September 2024. This research did not
meet human subjects research as determined by the Park Nicol-
let Institutional Review Board.

Patch Testing Procedure

In our specialized contact dermatitis clinic, patients undergo
comprehensive patch testing using the North American Contact
Dermatitis Group (NACDG) standard series, additional special-
ized series, and their own personal care products. Patches are
applied to unaffected skin on the back or thighs using Finn
Chambers (Smart Practice, USA) and are removed after
48 hours. Initial reactions are interpreted at 48 hours, and final
readings are completed at 96 or 144 hours. Reactions are graded
on a scale from borderline to very strong as outlined in Table 2.
This scale is adapted from the NACDG.

TABLE 1. Fitzpatrick Skin Type (FST) according
to Skin Color and UV Light Response

Fitzpatrick
Skin Type Skin Features UV Light Response

I Pale white skin Always burns, never tans
II Light skin Burns easily, rarely tans
III Darker white skin Tans after initial burn
IV Light brown skin Burns minimally, tans easily
V Brown skin Rarely burns, tans darkly easily
VI Dark brown or

black skin
Never burns, always tans darkly

FST, Fitzpatrick skin type.

Figure 1. Comparison of borderline reactions in patients with different FSTs patch tested at our clinic. (Left) Borderline reaction with
erythema in a patient with FST II. (Right) Borderline reaction with a violaceous hue in a patient with FST V. FST, Fitzpatrick skin type.
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Statistical Analysis

Patients’ FSTs and reaction strengths were obtained from our
clinic database and analyzed using GraphPad PRISM (version
9.5.1). To determine statistical significance in the frequency of
borderline reactions between patients with darker skin tones
(FST V and VI) compared with those with lighter skin tones
(FST I and II), a chi-square test was performed comparing the
number of borderline and nonborderline reactions (1, 2, or 3+)
for each group (Table 3). To further evaluate the pattern of bor-
derline reaction frequency across all FSTs, a separate chi-square
test for trend was performed on the number of borderline and
nonborderline reactions for each of the 6 skin types (Table 4).

RESULTS

There were a total of 1899 patients amounting to 11,954 reac-
tions. The most common FSTs were I and II (Table 5).

Comparison of Borderline Reaction Frequency
Between FST I/II & FST V/VI

A chi-square test used to compare the number of borderline
reactions between patients with lighter skin tones (FST I/II) and
patients with darker skin tones (FST V/VI) showed a statistically
significant difference between the 2 groups (P < 0.0001). Patients
with FST V or VI had approximately 43% lower odds of having
a borderline reaction noted on patch testing compared to
patients with FST I or II (OR: 0.57, 95% CI: 0.47–0.69).

Trend in Borderline Reaction Frequency
Across FSTs

A chi-square test for trend was performed to further describe
the frequency of borderline reactions recorded for patients
across each FST. This analysis also showed a statistically signifi-
cant difference in the number of borderline reactions diagnosed
in patients of each FST (P < 0.0001), with patients of FST VI
showing the lowest proportion of reactions described as border-
line. The proportions of borderline reactions across skin types
are listed in Table 4 and visualized in Figure 2.

DISCUSSION

This study investigated the frequency of borderline reactions
among patch-tested patients with different FSTs. We focused

specifically on borderline reactions as they present with subtle
findings and are thus easiest to miss by the reading dermatolo-
gist. Our results showed a statistically significant decline in the
rate of borderline reactions amongst patients with higher FSTs.
Previous studies have discussed possibilities for missing patch
testing reactions in patients with skin of color, which include a
lack of erythema, vesiculation, and papule formation during
patch testing.2,3

Patients with skin of color have been historically underrepre-
sented in patch-testing clinics. According to Nguyen et al., Black
individuals account for about 13.6% of the United States popula-
tion;9 however, reviews of patch testing data in North America
have shown incongruent proportions, with 4.8% of patch tested-
patients being Black.10 This underrepresentation could lead to a
lack of experience in diagnosing allergic contact dermatitis in
patients with skin of color. Furthermore, while the literature
boasts ample educational images regarding patch testing in
patients with lighter skin tones, similar resources for patients
with skin of color are scarce. To combat this issue, a number of
authors have recently published patch testing images of patients
with darker skin tones.9,11,12

Dermatologic training, including in residency programs, per-
taining to the diagnosis and management of patients with skin
of color and allergic contact dermatitis is also vital. Many aca-
demic institutions and organizations, including the American
Academy of Dermatology, have recently incorporated general
skin of color training modules and/or curricula into their cour-
sework.13 However, few provide extensive training in allergic
contact dermatitis, showcasing a gap with potential to be filled.

Several authors have suggested strategies to target the potential
difficulty in reading patch test reactions in patients with skin of
color. Both Scott and Yu recommend the use of multiple lighting
angles when reading patch test reactions, which may help reveal

TABLE 2. Patch Test Reaction Grading Scale Used by the Study Institution as Adapted from NACDG

Reaction Score Reaction Severity Skin Manifestations

± Borderline or Doubtful Macular erythema
1+ Mild Macular erythema (nearly filling the whole disc) + papules
2+ Strong Discrete vesicles or edema/infiltration of the whole disc
3+ Very Strong Coalescing vesicles/bullae or spreading of the reaction beyond the disc site

NACDG, North American Contact Dermatitis Group.

TABLE 3. Frequency of Borderline and Non-
Borderline Reactions among Patients with FST I/II
and FST V/VI

FST

Number of
Borderline
Reactions

Number of
Nonborderline

Reactions

FST I & II 4119 4640
FST V & VI 156 311

FST, Fitzpatrick skin type.

Weber et al � Patch Testing Reactions in Skin of Color 149

Copyright ª 2025 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.



faint erythema.3,14 The authors have also suggested diligent pal-
pation for adequate identification of papule or vesicle forma-
tion.14 Nazarian additionally recommends that patch-testing
dermatologists learn to recognize the variations of erythema that
can present in patients with skin of color, including red-brown,
violaceous, and gray hues.12 Another useful strategy to better
interpret variations in erythema is to recruit patients’ partners or
family members to assess borderline reactions if they are present
at the time of patch test reading, as they may be better able to
appreciate subtle changes in comparison to the patient’s baseline.

Many widely adopted grading scales provided by allergen com-
panies and found in textbooks do not highlight these differences,
unveiling another potential area for further improvement. Exam-
ples of 2 grading scales supplied to our clinic are shown in Figure 3,
notably devoid of skin of color representation. Altogether, the
potential under-calling of reactions showcased in our study sup-
ports the need for each of the previously described interventions to
work toward an improved standard of care for these patients.

Because our study examined the frequency of borderline reac-
tions, it is important to discuss the effects of missing these reac-
tions when performing patch testing. Several studies have
evaluated the relevance of borderline reactions. One such study
involved a survey that was distributed to 407 patients who
underwent patch testing; 79% self-reported that their borderline
reactions were relevant to their symptoms months to years after
their testing was completed.4 Additional studies have further
supported the relevance of borderline reactions, recommending
they be analyzed with similar caution to stronger reactions.5,6 In

contrast, a recent retrospective study performed at our clinic
showed that borderline reactions may not be quite as impactful
as is presented in the above literature, as patients often have
additional, stronger reactions to cross-reacting allergens that
effectively capture allergy. However, this study noted that bor-
derline reactions to methylisothiazolinone and cocamidopropyl

TABLE 4. Frequency of Borderline and Non-
borderline Reactions among Patients of Each FST
(I, II, III, IV, V, VI) and Proportion of Borderline
Reactions

Fst

Number of
Borderline
Reactions

Number of
Nonborderline

Reactions

Proportion of
Reactions
Borderline

I 1007 1175 0.46
II 3112 3465 0.47
III 812 908 0.47
IV 297 447 0.40
V 132 252 0.34
VI 24 59 0.29

TABLE 5. Distribution of Study Population by
Fitzpatrick Skin Type

Fst Number of Patients

I 333
II 1063
III 281
IV 116
V 91
VI 15

Figure 2. Proportion of borderline reactions across each FST
(I, II, III, IV, V, VI). FST, Fitzpatrick skin type.

Figure 3. Examples of patch test reaction grading scales pro-
vided by antigen manufacturers, which are notably devoid of skin
of color.
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betaine may have relevant potential, as they were most fre-
quently not supported by additional reactions.8

Despite varying degrees of uncertainty regarding their rele-
vance, it is possible that missing a borderline reaction could
have implications for a patient’s disease course. In our contact
dermatitis clinic, we include borderline reactions when entering
contact allergies into a patient’s medical chart, and we incorpo-
rate these reactions into their initial allergen avoidance plan. It
is clear that equity demands all patients’ reactions be interpreted
in a consistent manner.

Finally, it is crucial to discuss the differences in overall patch
test reaction data between patients with lighter and darker skin
tones (i.e., the number of total reactions). Historically, it was
thought that patients with darker skin tones have fewer positive
reactions due to differences in cultural skin care practices and
exposures. However, as referenced in the American Contact
Dermatitis Society position statement on dermatitis and skin of
color, recent studies have shown similar incidence of contact
dermatitis in Black and White patients.15 In addition, a 2022 ret-
rospective review conducted by Garg et al. found the total num-
ber of reactions among African American and White patients to
be similar when calculated proportionally.16 Therefore, the
decreased frequency of borderline reactions in patients with
skin of color in this study is particularly concerning, as it sug-
gests that patch test reactions are underrecognized in this
population.

Limitations

The number of patients with FST V and VI is small (106), espe-
cially by comparison with those of FST I and II (1396). Addi-
tional studies are needed to corroborate or confirm the results
presented in this article.

CONCLUSIONS

We present a comparison of borderline reaction frequency
across FSTs I–VI. Our findings show significantly fewer border-
line reactions diagnosed in patients with skin of color (higher
FSTs). This is likely due to difficulty recognizing subtle ery-
thema and other skin changes. These results suggest that patch
test reactions may be missed in patients with skin of color,
potentially leading to prolonged dermatitis duration and pre-
vention of disease clearance. Increased awareness and continued

education on interpreting patch test reactions in patients with
skin of color is crucial.
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