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a b s t r a c t
Background:  Skin barrier function is crucial for maintaining homeostasis by protecting the body against external 
aggressors. Despite the widespread use of insect repellents, their effects on skin homeostasis remain insufficiently 
studied. This study aimed to evaluate the impact of insect repellents on skin barrier function. 
Methods:  A cross-sectional study was conducted to measure skin parameters on the volar forearm after the ap­
plication of water as a control, a plant-based repellent containing citronella, and a synthetic repellent containing 
DEET. 
Results:  A total of 52 individuals participated; 46% were female, and the mean age was 23.78 ± 2.77 years. 
Both repellents induced changes in skin barrier function. Citronella increased temperature (31.24 vs 30.86 ∘C; 
P < .0001) and erythema (201.98 vs 191.61 AU; P = .0282), and decreased transepidermal water loss (TEWL) 
(6.35 vs 8 g/m2/h; P = .0023) and R0 elasticity (0.33 vs 0.37 μm; P < .0001), among other effects. DEET in­
creased temperature (31.56 vs 30.86 ∘C; P < .0001) and stratum corneum hydration (SCH) (62.81 vs 55.39 AU; 
P = .0008), and decreased TEWL (5.69 vs 8 g/m2/h; P = .0005) and R0 elasticity (0.39 vs 0.37 μm; P = .0281). 
Comparisons between repellents showed that DEET produced significantly greater changes than citronella in skin 
barrier variables such as temperature, SCH, sebum, R0 elasticity, and TEWL. 
Conclusions:  Both repellents altered skin barrier function, with DEET having a greater impact than citronella.

Introduction

The skin is the largest organ of the human body1 and performs 
essential functions, such as regulating body temperature, defending 
against external aggressors, and preventing water loss.2 It also has 
immunological, endocrine, and metabolic roles that are crucial for 
maintaining homeostasis.3 Among its layers, the stratum corneum, the 
outermost layer of the epidermis, serves as the primary barrier,4 provid­
ing protection while maintaining selective permeability.5 This barrier 
function protects the skin from toxins, ultraviolet radiation, and mi­
croorganisms (Fig. 1) and is supported by the commensal microbiota, 
physical structure, and immune defenses.6 However, certain dermato­
logical conditions, such as psoriasis,7 atopic dermatitis,7 and obstructive 
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sleep apnea syndrome,8 as well as external agents such as water,9 tat­
toos,10 and sunscreen,11 can compromise this protective function.

Insect repellents are widely used topical products, particularly in 
tropical regions and during summer, to protect against mosquito bites 
and vector-borne diseases. These products can be categorized as 
synthetic compounds, such as N,N-diethyl-meta-toluamide (DEET), in­
troduced in 1956,12 and plant-derived formulations, such as citronella 
essential oil from Cymbopogon nardus. Both are effective insect repel­
lents, but their effects on skin barrier function remain underexplored. 
DEET is known for its high efficacy but has been associated with skin 
reactions, such as erythema and dermatitis, in some individuals.13 Cit­
ronella has historically been used with fewer adverse effects,14 although 
it generally has a milder efficacy profile.15

Individuals with preexisting skin conditions, such as atopic der­
matitis or psoriasis, may be more susceptible to alterations in skin 
homeostasis,16 potentially exacerbating symptoms or compromising 
barrier integrity. In addition, certain populations, such as children, 
older adults, and individuals with sensitive skin, may require alter­
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Fig. 1. Skin barrier function. The stratum corneum is essential for proper skin barrier function because it helps prevent penetration by external irritants and 
microorganisms, while reducing transepidermal water loss and maintaining skin hydration.

native formulations with minimal impact on skin health.17 Despite 
the widespread use of insect repellents, it remains unclear whether 
plant-based or synthetic formulations are more suitable for different 
population groups, particularly in terms of their effects on skin barrier 
function. Therefore, it is essential to establish a scientific basis for their 
impact, starting with healthy individuals before extending research to 
more vulnerable populations.

This study aimed to evaluate the impact of DEET-based and 
citronella-based repellents on skin barrier function by analyzing skin 
homeostasis parameters, including transepidermal water loss (TEWL), 
temperature, erythema, sebum production, pH, stratum corneum hy­
dration (SCH), melanin levels, elasticity, and hardness. TEWL, a key 
parameter for assessing skin barrier integrity, was selected as the pri­
mary variable. The secondary objective was to compare differences in 
the effects of the two repellents on skin barrier function.

Materials and methods

Study design and population

We conducted a cross-sectional study was between February and 
April 2024 in the Área de Dermatología, Departamento de Medicina, Uni­
versidad de Granada (Granda, Spain). The study population consisted of 
healthy adults who met the following inclusion criteria:

1. Age 18 years or older.
2. No active skin disease in the measurement area.
3. Signed informed consent form.

The exclusion criteria were as follows:

1. Diagnosed skin conditions affecting the measurement area, such as 
atopic dermatitis or psoriasis.

2. Refusal to provide informed consent.
3. Withdrawal of consent at any stage of the study.

The study used a synthetic insect repellent (RELEC EXTRA STRONG 
SPRAY, PERRIGOr), a plant-based repellent (JAVA BIO OIL CIT­

Fig. 2. Data collection method. The study conditions were applied and left 
in place for 30 min before measurements of the different skin barrier function 
variables were obtained using the multiprobe adapter (MPA) equipment. P, 
plant-based repellent (citronella essential oil); S, synthetic repellent (Relec Extra 
Strength insect repellent); W, water control.

RONELLA, TERPENICr), and water as the control. The synthetic 
repellent contained 50% DEET, lavender oil, and geraniol oil. The plant-
based repellent contained whole-plant oil of Cymbopogon winterianus. 
Biophysical parameters related to epidermal barrier function were mea­
sured in a controlled environment after a 30-min adaptation period. All 
measurements were performed in 2.5 × 2.5-cm areas on the participants’ 
volar forearm and were taken 30 min after application of the compounds 
tested (Fig. 2).
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Variables

Skin homeostasis and epidermal barrier function were assessed using 
the following devices:

• SCH: Corneometerr CM 825• TEWL: Tewameterr TM 300• pH: Skin-pH-Meterr PH 905• Erythema and melanin index: Mexameterr MX 18• Skin temperature: Skin-Thermometer ST 500• Skin surface lipids: Sebumeterr SM 815• Elasticity: Cutometerr Dual MPA 580

All these parameters, except hardness, were measured with the mul­
tiprobe adapter (MPA; Courage + Khazaka Electronic GmbH, Cologne, 
Germany). Measurements were taken 10 times on the volar forearm of 
each participant. Sociodemographic variables, such as age, sex, occu­
pation, and skin care habits, were also collected.

Although TEWL was the primary variable of interest for assessing 
changes in skin barrier function, additional parameters were included 
to provide a comprehensive evaluation of skin homeostasis.

Sample size

Accepting an 𝛼 risk of 0.05 and a 𝛽 risk of 0.20 in a 2-sided test, a 
total of 52 participants were required to detect a difference of at least 5 
units in the main variable, TEWL, assuming a common SD of 6.

Statistical analysis

Descriptive analyses were conducted for all variables. Qualitative 
variables were expressed as proportions, whereas quantitative variables 
were presented as means and SDs. Data normality was assessed using 
the Kolmogorov–Smirnov and Shapiro–Wilk tests. Depending on homo­
geneity of variance, evaluated using the Levene test, the Student t test 
or the Welch test was applied to compare continuous variables between 
groups. The Pearson correlation coefficient was used to examine rela­
tionships between normally distributed continuous variables. Statistical 
significance was set at P < .05. Data analysis was performed using SPSS, 
version 24.0.

Ethics committee

The study adhered to the Declaration of Helsinki and complied with 
relevant data protection laws and patient rights regulations. Approval 
was obtained from the Ethics Committee of Hospital Universitario Vir­
gen de las Nieves (approval code: TFG-HomeostasisCutanea; approval 
date: April 5, 2024). Written informed consent was obtained from all 
participants before their involvement in the study.

Results

Sample characteristics

The study included a total of 52 participants, comprising 28 men 
(54%) and 24 women (46%), with a mean age of 23.78 ± 2.77 years. Of 
these participants, 12 of 52 (23%) reported usual use of insect repellents, 
mostly synthetic repellents (n = 10) and, to a lesser extent, both types 
of repellents (n = 2) (Table 1).

Changes in skin barrier function after repellent application compared 
with control

Skin barrier function parameters were significantly altered after ap­
plication of the plant-based insect repellent containing citronella and 

Table 1
Demographic and descriptive characteristics of the study population.

 Demographic variable  Study population (n = 52)
 Age, mean (SD), y  23.78 (2.77)

 Sex, No. (%)
 Male  28 (54)
 Female  24 (46)

 Skin phototype, No. (%)
 I  1 (2)
 II  19 (37)
 III  27 (52)
 IV  5 (10)

 Current occupation, No. (%)
 Employed  9 (17)
 Unemployed  43 (83)

 Marital status, No. (%)
 Single  45 (87)
 Cohabiting  5 (10)
 Married  2 (4)

 Educational level, No. (%)
 Secondary education  1 (2)
 High school  2 (4)
 University degree  40 (77)
 Master’s degree  9 (17)

 Body mass index, mean (SD), kg/m2  22.86 (2.42)

 Personal dermatological history, No. (%)
 Yes  19 (37)
 No  33 (63)

 Family dermatological history, No. (%)
 Yes  18 (35)
 No  34 (65)

 Current smokers, No. (%)  11 (21)
 Cigarettes per day, mean (SD)  0.85 (2.23)
 Ex-smokers, No. (%)  1 (2)
 Smoking duration, y  10
 Smoking-free duration, y  2
 Alcohol consumption, No. (%)  38 (73)
 Standard drinks per week, mean (SD)  1.23 (0.96)
 Body moisturizer use, No. (%)  21 (40)
 Body moisturizer use, mean (SD), d/wk  1.48 (2.38)
 Antiaging moisturizer use, No. (%)  3 (6)
 Sun exposure, No. (%)  38 (73)
 Sun exposure, mean (SD), h/d  1.30 (1.00)
 Sunscreen use, No. (%)  29 (56)
 Sunscreen use, mean (SD), d/wk  2.48 (2.67)
 Organic solvent exposure, No. (%)  4 (8)

 Insect repellent use, No. (%)
 None  40 (77)
 Synthetic repellent  10 (19)
 Both synthetic and plant-based repellents  2 (4)
 Insect repellent use, mean (SD), d/wk  0.88 (1.78)
 Seasonal use in summer, No. (%)  12 (23)

Values are expressed as mean (SD) or No. (%), unless otherwise indicated.

the synthetic insect repellent containing DEET compared with control 
(Table 2 and Fig. 3).

Citronella resulted in significant increases in temperature (31.24 vs 
30.86 ∘C; P < .0001), melanin index (154.00 vs 138.74 AU; P = .0011), 
erythema (201.98 vs 191.61 AU; P = .0282), and sebum level (213.25 
vs 119.76 AU; P < .0001), and significant decreases in pH (5.47 vs 5.63; 
P = .0021), TEWL (6.35 vs 8.00 g/m2/h; P = .0023), and R0 elasticity 
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Table 2
Differences in skin barrier function between water control, plant-based repellent, and synthetic repellent.

 Variable  Control  Citronella  DEET  P1  P2  P3

 Temperature, mean (SD), ∘C 30.86 (SD, 1.23) 31.24 (SD, 1.10) 31.56 (SD, 1.03) <.0001 <.0001 <.0001
 Melanin index, mean (SD), AU 138.74 (SD, 41.47) 154.00 (SD, 32.06) 183.40 (SD, 145.25) .0011 .0243 .1338
 Erythema, mean (SD), AU 191.61 (SD, 55.74) 201.98 (SD, 52.18) 202.72 (SD, 53.47) .0282 <.0001 .8688
 pH, mean (SD) 5.63 (SD, 0.49) 5.47 (SD, 0.41) 5.57 (SD, 0.36) .0021 .3160 .0080
 TEWL, mean (SD), g/m2/h 8.00 (SD, 4.25) 6.35 (SD, 3.37) 5.69 (SD, 3.71) .0023 .0005 .0093
 SCH, mean (SD), AU 55.39 (SD, 17.08) 56.22 (SD, 12.65) 62.81 (SD, 9.19) .5552 .0008 <.0001
 Sebum level, mean (SD), AU 119.76 (SD, 105.74) 213.25 (SD, 100.32) 241.65 (SD, 76.02) <.0001 <.0001 .0281
 Hardness, mean (SD), shore 6.39 (SD, 5.60) 5.67 (SD, 3.23) 5.06 (SD, 2.72) .3398 .1148 .1067

 Elasticity, mean (SD), 𝜇m
 R0 0.37 (SD, 0.08) 0.33 (SD, 0.06) 0.39 (SD, 0.07) <.0001 .0281 <.0001
 R2 0.84 (SD, 0.09) 0.86 (SD, 0.08) 0.84 (SD, 0.10) .2924 .9755 .3373
 R7 0.70 (SD, 0.10) 0.69 (SD, 0.14) 0.71 (SD, 0.14) .5172 .4325 .1823

AU, arbitrary units; DEET, N,N-diethyl-meta-toluamide; SCH, stratum corneum hydration; TEWL, transepidermal water loss.
Values are expressed as mean (SD). The control condition consisted of water application. The plant-based repellent contained citronella, and the synthetic repellent 
contained DEET. P values were calculated using the paired-sample Student t test. Control vs citronella compares epidermal barrier function parameters after water 
application and after citronella repellent application. Control vs DEET compares epidermal barrier function parameters after water application and after DEET 
repellent application. Citronella vs DEET compares epidermal barrier function parameters after citronella repellent application and after DEET repellent application.
Superscript numbers indicate statistically significant pairwise comparisons: 1 Control vs Citronella; 2 Control vs DEET; 3 Citronella vs DEET.

(0.33 vs 0.37 μm; P < .0001), compared with control. SCH, hardness, 
and R2 and R7 elasticity showed no significant changes.

The application of DEET resulted in significant increases in tem­
perature (31.56 vs 30.86 ∘C; P < .0001), melanin index (183.40 vs 
138.74 AU; P = .0243), SCH (62.81 vs 55.39 AU; P = .0008), and sebum 
level (241.65 vs 199.76 AU; P < .0001), along with significant decreases 
in TEWL (5.69 vs 8.00 g/m2/h; P = .0005) and R0 elasticity (0.39 vs 
0.37 μm; P = .0281), compared with control. Erythema, pH, hardness, 
and R2 and R7 elasticity showed no significant differences.

Lastly, DEET produced greater increases than citronella in tempera­
ture (31.56 vs 31.24 ∘C; P < .0001), pH (5.57 vs 5.47; P = .0080), SCH 
(62.81 vs 56.22 AU; P < .0001), sebum level (241.65 vs 213.25 AU; 
P = .0281), and R0 elasticity (0.39 vs 0.33 μm; P < .0001), and a greater 
decrease in TEWL (5.69 vs 6.35 g/m2/h; P = .0093). Melanin index, 
erythema, hardness, and R2 and R7 elasticity did not differ significantly.

Impact of the exposome on barrier function after insect repellent 
application

The exposome refers to the totality of environmental factors and 
lifestyle influences, such as sun exposure, alcohol consumption, smok­
ing, and skin care habits, that affect an individual’s skin health. 
Statistically significant correlations were found between changes in skin 
barrier function after repellent use and exposome variables (Figs. 4–6).

Impact of the exposome on barrier function after water application
Even in the absence of active ingredients, the application of water 

alone induced measurable changes in skin barrier function, with sun 
exposure being the most influential exposome factor, followed by smok­
ing, age, and BMI. Higher sun exposure was associated with greater 
increases in skin temperature (P = .0166) and erythema (P = .0093) 
(Fig. 4A and B), whereas smoking, age, and sun exposure contributed to 
increased skin hardness (P = .0002, P = .0062, and P = .0001, respec­
tively) (Fig. 4C–E). Elasticity decreased more markedly in individuals 
with higher sun exposure (P = .0498) and higher BMI (P = .0215), sug­
gesting that preexisting skin characteristics significantly influence the 
skin response to external stimuli (Fig. 4F and G).

Impact of the exposome on barrier function after citronella application
After application of the citronella repellent, alcohol consumption and 

sun exposure were the main exposome factors influencing skin bar­
rier function, with phototype, BMI, and age also playing a role. Skin 

temperature and TEWL increased more markedly in alcohol consumers 
(P = .0177 and P = .023, respectively) (Fig. 5A and B), whereas ery­
thema was greater in individuals with higher sun exposure and higher 
skin phototypes (P = .0235 and P = .0079, respectively) (Fig. 5C and D). 
Skin pH decreased more markedly in individuals with higher skin pho­
totypes (P = .0414), and elasticity increased in individuals with higher 
BMI (P = .0383) but decreased in older participants (P = .0486) (Fig. 5H 
and I).

Impact of the exposome on barrier function after DEET application
After DEET application, sun exposure and alcohol consumption re­

mained the most influential exposome factors affecting skin barrier 
function. Skin temperature and TEWL increased more markedly in 
individuals with higher sun exposure (P = .0065 and P = .0106, re­
spectively) and in those with alcohol consumption (P = .0050 and 
P = .0203, respectively) (Fig. 6A–D), whereas erythema was greater in 
individuals with higher sun exposure (P = .0063) but lower in sunscreen 
users (P = .0299) (Fig. 6E and F). Skin elasticity decreased, especially 
in individuals who consumed alcohol (P = .0300) (Fig. 6H).

Discussion

This study is, to our knowledge, the first to evaluate the effects of 
plant-based and synthetic insect repellents on skin barrier function. The 
parameters evaluated showed that both repellents affected skin barrier 
function. Between the 2 repellents, the synthetic repellent produced 
more pronounced changes, although these changes were not necessarily 
associated with harmful effects.

Temperature is an important parameter when assessing skin bar­
rier function, as shown by Denda et al.18 In the present study, skin 
temperature was significantly higher after the application of both repel­
lents, especially after application of the synthetic repellent. In contrast, 
Kenefick et al. found no differences in temperature, thermoregulation, 
or thermal sensation after application of a DEET-based insect repel­
lent.19 Regarding erythema, values were significantly higher only after 
application of the plant-based repellent compared with control. A sim­
ilar finding was reported by de Andrade et al., who observed increased 
erythema after citronella oil application.20 An increase in erythema may 
indicate altered skin homeostasis,21 suggesting that citronella oil may 
act as a potential skin irritant.

Melanin levels were significantly higher after application of both 
repellents compared with control, with the greatest increase observed 
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Fig. 3. Skin barrier function parameters. (A) Temperature after use of water control, plant-based repellent containing citronella, and synthetic repellent containing 
DEET. (B) Erythema after use of water, citronella, and DEET. (C) Transepidermal water loss (TEWL) after use of water, citronella, and DEET. (D) Stratum corneum 
hydration (SCH) after use of water, citronella, and DEET. (E) Melanin index after use of water, citronella, and DEET. (F) pH after use of water, citronella, and DEET. 
(G) Sebum level after use of water, citronella, and DEET. (H) Elasticity after use of water, citronella, and DEET.

after DEET application. This increase may indicate a skin stress 
response to the repellents,22 potentially leading to hyperpigmenta­
tion or uneven dark spots. However, the formulations themselves 
may also have contributed to the observed changes. For ex­
ample, the chromatic properties of the synthetic repellent, which 
contained lavender and geraniol oils, could have affected measure­
ments taken shortly after application. The lower variability observed 
in the citronella group may reflect differences in how each formu­

lation interacts with individual skin types or is absorbed by the
skin.

Skin pH was significantly lower after application of the plant-based 
repellent than after control or synthetic repellent application. Citronella 
is an essential oil that contains compounds such as citronellal, geraniol, 
and citronellol, which are slightly acidic.23 When applied to the skin, 
these compounds can lower surface pH because the skin acid mantle is 
naturally acidic, with an approximate pH of 4.5–5.5.
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The application of both plant-based and synthetic insect repellents 
led to a decrease in TEWL. Similarly, de Andrade et al. found de­
creased TEWL after citronella application.20 This effect may be due to 
compounds present in the repellents that help counteract potential skin 
barrier damage. Many insect repellents, especially those containing oily 
or emollient ingredients, may form a thin layer on the skin surface, act­
ing as a barrier that retains moisture and prevents water from escaping 
through the epidermis. This protective layer may reduce TEWL by mini­
mizing water evaporation from the outermost skin layer. In some cases, 
repellents may contain substances that help maintain stratum corneum 
integrity and thereby enhance barrier function. For instance, natural 
oils in citronella may have moisturizing properties, whereas DEET may 
create a film that reduces TEWL.

In fact, DEET application resulted in a significant increase in SCH 
and R0 elasticity, probably because of these occlusive properties. Both 
parameters are fundamental for assessing skin barrier function.24,25 In 
this study, the repellents did not appear to be harmful; rather, they 
increased hydration and decreased water loss, thereby improving cer­
tain skin barrier parameters. Sebum, another important parameter for 
assessing barrier function, was higher after application of both repel­
lents. Sebum production is generally beneficial because it generates a 

mechanical layer that protects against external noxae; however, dispro­
portionate sebum production could favor colonization by Cutibacterium 
acnes or Malassezia yeasts.25 In this study, sebum increased considerably 
after DEET application, doubling preapplication values.

The protection time provided by citronella oil is shorter than that 
provided by DEET.26 Studies have shown that DEET-based repellents 
can provide protection for 6–8 h, whereas citronella-based formulations 
offer a much shorter duration, often approximately 1.9 h or less.27 Con­
sequently, citronella requires more frequent reapplication to maintain 
effectiveness, which may increase exposure to its components and po­
tential interactions with the skin barrier.28 In contrast, although DEET 
induced more pronounced changes in skin barrier parameters, its pro­
longed efficacy reduces the need for frequent reapplication, thereby 
minimizing prolonged exposure to potential irritants and occlusive 
agents present in the formulation. This may explain why, despite 
causing initial changes in skin barrier parameters such as TEWL, these 
alterations do not necessarily translate into clinically significant adverse 
effects.

Finally, our findings highlight the significant influence of exposome 
factors on changes in skin barrier function, regardless of the applied 
condition: water, citronella-based repellent, or DEET-based repellent. 

Fig. 4. Bivariate analysis of the control group. Bivariate analysis showing the relationship between skin barrier function parameters after water application as the 
control condition on the y-axis and exposome variables on the x-axis. The red line represents the linear trend of the data, and the marginal histograms illustrate the 
distributions of each variable. (A) Temperature after water application as a function of sun exposure; P = .0166. (B) Erythema after water application as a function 
of sun exposure; P = .0093. (C) Hardness after water application as a function of tobacco use; P = .0002. (D) Hardness after water application as a function of age; 
P = .0062. (E) Hardness after water application as a function of sun exposure; P = .0001. (F) R0 elasticity after water application as a function of sun exposure; 
P = .0498. (G) R7 elasticity after water application as a function of BMI; P = .0215.
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Fig. 4.  (Continued)

Although specific alterations varied depending on the substance, certain 
exposome factors, particularly sun exposure and alcohol consumption, 
consistently emerged as the most influential across all conditions.29,30 
Under the control condition, sun exposure was the primary factor af­
fecting skin temperature, erythema, elasticity, and hardness, followed 
by smoking, age, and BMI.31 This suggests that baseline skin char­
acteristics, shaped by chronic environmental and lifestyle exposures, 
significantly influence skin reactivity even in the absence of active
ingredients.

After application of the DEET-based repellent, sun exposure and 
alcohol consumption were again the dominant factors influencing tem­
perature, TEWL,32 erythema,33 and elasticity.34 These findings suggest 
that preexisting skin barrier alterations associated with these factors 
may increase susceptibility to further disruption after DEET exposure. 
In contrast, the response to citronella-based repellent was influenced not 
only by sun exposure and alcohol consumption but also by skin photo­
type, BMI, and age. Individuals with higher skin phototypes showed 
greater erythema and a decrease in pH, whereas those with higher BMI 
showed an increase in elasticity. These results indicate that certain 
natural skin characteristics may modulate responses to botanical repel­
lents differently than responses to synthetic repellents.35 Overall, our 
findings underscore that skin barrier function is affected not only by 
topical applications but also by exposome factors. This highlights the 
importance of considering individual exposome profiles when evaluat­

ing dermatological responses to external agents and reinforces the need 
for personalized skin care and protection strategies.

Strengths and limitations

One strength of this study is its novelty, because the effects of insect 
repellents on skin barrier function have not been extensively studied. 
In addition, the study focused on 2 types of insect repellents commonly 
used by the general population, making the findings clinically relevant 
and applicable.

This study also has limitations. The tested formulations included in­
gredients with potential emollient or moisturizing properties, such as 
natural oils in the citronella repellent and lavender and geraniol oils 
in the DEET repellent. These components may have influenced the 
observed changes in skin barrier function. Future studies should dis­
tinguish the effects of individual compounds from those of the complete 
formulation. Increasing the sample size and conducting studies across 
different regions would further strengthen the findings and enhance 
their generalizability.

Conclusions

This study provides important insights into the effects of plant-based 
and synthetic insect repellents on skin barrier function, focusing on key 
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Fig. 5. Bivariate analysis of the plant-based repellent group. Bivariate analysis showing the relationship between skin barrier function parameters after application 
of the plant-based repellent containing citronella on the y-axis and exposome variables on the x-axis. The red line represents the linear trend of the data, and 
the marginal histograms illustrate the distributions of each variable. (A) Temperature after citronella application as a function of alcohol use; P = .0177. (B) 
Transepidermal water loss (TEWL) after citronella application as a function of alcohol use; P = .023. (C) Erythema after citronella application as a function of sun 
exposure; P = .0235. (D) Erythema after citronella application as a function of skin phototype; P = .0079. (E) Stratum corneum hydration (SCH) after citronella 
application as a function of skin phototype; P = .0257. (F) SCH after citronella application as a function of alcohol use; P = .0457. (G) pH after citronella application 
as a function of skin phototype; P = .0414. (H) Elasticity after citronella application as a function of BMI; P = .0383. (I) Elasticity after citronella application as a 
function of age; P = .0486.
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Fig. 5.  (Continued)

parameters such as TEWL, SCH, elasticity, and sebum production. The 
findings show that both repellents significantly altered several skin pa­
rameters, although the overall effects remained within the normal range 
for skin barrier function. Citronella significantly decreased TEWL and 
pH while increasing SCH and sebum levels. Similarly, DEET reduced 
TEWL and increased SCH, elasticity, and skin temperature. When the 
effects of both repellents on skin barrier function were compared, DEET 
produced greater changes in variables such as temperature, TEWL, and 
elasticity. However, DEET provides a longer duration of protection, 
which reduces the need for product reapplication.

These findings show that insect repellents can alter skin barrier 
function and underscore the need for careful use of these products, 
particularly in individuals with sensitive skin or preexisting skin condi­
tions. Although the observed changes remained within the normal 
range for skin barrier function, caution is warranted when these prod­
ucts are used in vulnerable populations. Therefore, while insect 
repellents play a crucial role in preventing insect bites and insect-
borne diseases, particularly in tropical regions, they should be used 
with care, especially by individuals with compromised skin barrier
integrity.
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Fig. 6. Bivariate analysis of the synthetic repellent group. Bivariate analysis showing the relationship between skin barrier function parameters after application of 
the synthetic repellent containing DEET on the y-axis and exposome variables on the x-axis. The red line represents the linear trend of the data, and the marginal 
histograms illustrate the distributions of each variable. (A) Temperature after DEET application as a function of sun exposure; P = .0065. (B) Temperature after 
DEET application as a function of alcohol use; P = .0050. (C) Transepidermal water loss (TEWL) after DEET application as a function of sun exposure; P = .0106. (D) 
TEWL after DEET application as a function of alcohol use; P = .0203. (E) Erythema after DEET application as a function of sunscreen use; P = .0299. (F) Erythema 
after DEET application as a function of sun exposure; P = .0063. (G) Stratum corneum hydration (SCH) after DEET application as a function of alcohol use; P = .072. 
(H) R2 elasticity after DEET application as a function of alcohol use; P = .0300.
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