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Background: Sweat plays a crucial role in maintaining skin homeostasis but is also considered a factor that exacerbates atopic dermatitis (AD). Patients with AD exhibit reduced sweat production and altered sweat composition, with impaired sweating function and psychological anxiety being implicated. However, few clinical studies with high-level evidence have investigated the effects of dupilumab treatment on sweating function and psychological anxiety.Methods: Seven patients with moderate-to-severe AD who received dupilumab treatment at Nagasaki University Hospital were evaluated at baseline, week 6, and week 24. Eczema severity was assessed using the Eczema Area and Severity Index (EASI) score and the Patients’ Oriented Eczema Measure (POEM). Sweating function was evaluated using the Quantitative Sudomotor Axon Reflex Test (QSART), and psychological anxiety was assessed using the State-Trait Anxiety Inventory (STAI).Results: EASI scores and POEM significantly improved at weeks 6 and 24. Sweat volume assessed by QSART increased at week 6 but showed a decreasing trend in some cases at week 24. Sweat latency shortened at week 6 but was prolonged again in some cases at week 24. State and trait anxiety scores of STAI decreased at week 6 but increased in some patients at week 24. Correlation analysis showed a negative correlation between sweat latency and state anxiety at baseline and a positive correlation between EASI and trait anxiety at week 6. No significant correlations were observed at week 24.Conclusion: Dupilumab improves skin symptoms in patients with AD and may temporarily enhance sweating function. It also affects psychological anxiety; however, its effects are inconsistent, suggesting individual variations in long-term changes.Keywords: dupilumab, atopic dermatitis, anxiety, sweat function, QSART
INTRODUCTION
Sweat plays an essential role in maintaining skin homeostasis by contributing to thermoregulation, antimicrobial defense, skin hydration, and barrier formation [1]. At the same time, sweat is also known as a factor that exacerbates atopic dermatitis (AD) [2]. Although no studies have evaluated the effectiveness of instructing AD patients to avoid sweating for symptom improvement, self-reported questionnaire surveys have shown that many patients perceive sweating as a factor that worsens their symptoms [3]. Additionally, they report that post-sweat care positively impacts symptom improvement. The mechanisms underlying sweat-induced worsening of AD symptoms include decreased sweat production, sweat leakage into extraglandular tissues, and abnormal sweat composition [4–6]. In patients with more severe AD, alterations in sweat composition—such as increased glucose concentration, decreased pH, and reduced salt concentration—have been shown to delay skin barrier recovery [5]. These findings suggest that sweat contributes to the exacerbation of AD symptoms.
Previous studies have reported that many AD patients exhibit reduced sweat production and prolonged sweat latency (the time required to initiate sweating) [4, 7]. Some cases of sweating dysfunction in AD patients improve with AD treatment, suggesting that inflammation is involved in sweating abnormalities. However, since no correlation has been observed between AD severity and the degree of sweating dysfunction, it is considered that the severity of inflammation does not directly determine sweating abnormalities. Additionally, sweat latency has been reported to be positively correlated with trait anxiety [4], indicating a possible involvement of psychological anxiety in sweating dysfunction.
Although there have been reports on the effects of dupilumab treatment on sweating function and psychological anxiety in AD patients with sweating dysfunction, none of the studies have evaluated both factors together, and the evidence level remains relatively low. In this study, we conducted an open-label interventional study to assess the effects of dupilumab treatment on sweating function (sweat volume and sweat latency) and psychological anxiety in patients with AD and report our findings.
MATERIALS AND METHODS
Participants and accumulated clinical data
From July 2020 to July 2021, we conducted a study at the Department of Dermatology, Nagasaki University Hospital, enrolling seven patients with moderate to severe AD who received dupilumab treatment. Evaluations and assessments were performed at baseline (before treatment initiation), 6 weeks after initiation, and 24 weeks after initiation. The severity of eczema was assessed using the Eczema Area and Severity Index (EASI) and Patients’ Oriented Eczema Measure (POEM). Sweating function was evaluated using the Quantitative Sudomotor Axon Reflex Test (QSART), while psychological anxiety was assessed using the State-Trait Anxiety Inventory (STAI). STAI is a self-administered questionnaire that evaluates two aspects of anxiety: state anxiety, which fluctuates significantly depending on situational factors, and trait anxiety, which reflects a relatively stable personality characteristic. One patient’s STAI assessment was incomplete and excluded from the analysis. This study was conducted with the approval of the Ethics Committee of Nagasaki University Hospital (Ethics Committee Approval Number: jRCT1071200016) and with informed consent obtained from all participants.
Quantitative sudomotor axon reflex test (QSART)
QSART induces sweating by delivering acetylcholine into the skin via iontophoresis, which stimulates sweat glands both directly and through activation of postganglionic sympathetic nerve fibers. Consequently, sweating dysfunction detected by QSART indicates a dysfunction of postganglionic sympathetic nerves or sweat glands [1]. In this study, QSART was performed on the forearm of all participants. Based on previous studies [4], the normal range for sweat volume in the forearm was set at ≥0.5 mg/cm2/5 min. While there is no established normal range for sweat latency, shorter latency indicates a faster response to acetylcholine, whereas longer latency suggests a delayed response.
Statistical analysis
We examined changes in skin symptoms and sweat function, anxiety on seven consenting patients. Changes from baseline in EASI score and POEM at 6 and 24 weeks, respectively, were detected using paired-samples t-tests. Correlations between evaluation parameters were examined in the Pearson correlation coefficients and P-values at 0, 6, 24 weeks respectively.
RESULTS
Baseline characteristics of participants
Table 1 summarizes the baseline characteristics of the participants. The male-to-female ratio was 2:1, with a predominance of male participants. The mean (±SD) values for each parameter were as follows: age, 33.78 ± 8.393 years; disease duration, 29.67 ± 7.314 years; EASI score, 24.7 ± 8.777; POEM score, 16.39 ± 6.382; TARC levels, 502 ± 10,136 pg/mL; total IgE levels, 5,000 ± 10,1336 IU/mL; state anxiety, 48.56 ± 11.74; trait anxiety, 45.33 ± 9.579. Regarding the QSART assessments, the axon reflex sweat volume was 0.7017 ± 0.5675 mg/5 min/cm2, and sweat latency was 71.5 ± 54.73 s.
TABLE 1 | Baseline assessments, disease severity, and evaluation results of all.
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The EASI score showed a significant decrease at both 6 weeks and 24 weeks compared to baseline (p < 1 × 10−4, p = 3.7 × 10−4, respectively) (Figure 1A). The proportion of patients achieving EASI75 was 71% at both 6 weeks and 24 weeks (data not shown).
[image: Figure 1]FIGURE 1 | The longitudinal changes in each evaluation parameter. (A) Changes in EASI, indicating rash severity. (B) POEM. (C) TARC. (D) Changes in sweat volume measured by QSART. (E) Sweat latency measured by QSART. (F) State anxiety (STAI). (G) Trait anxiety (STAI).**p < 0.01, ***p < 0.001, ****p < 0.0001.
The POEM score also showed a significant decrease in all cases at 6 weeks and 24 weeks compared to baseline (p = 3.4 × 10−3, p = 3.0 × 10−3, respectively) (Figure 1B).
Serum TARC levels did not show a statistically significant change at either 6 weeks or 24 weeks, including cases where blood samples were not obtained due to lack of consent (Figure 1C).
Regarding sweat volume, four participants had sweat volumes below the normal threshold of 0.5 mg/cm2/5 min at baseline. All of these participants exhibited an increase in sweat volume at 6 weeks, but the values declined again at 24 weeks (Figure 1D). In contrast, the remaining three participants, whose baseline sweat volume was ≥0.5 mg/cm2/5 min, showed a temporary decrease at 6 weeks, followed by an increase at 24 weeks, returning to levels comparable to or exceeding baseline.
Regarding sweat latency, six participants exhibited shorter latency at 6 weeks; however, three of these participants showed prolonged latency again at 24 weeks (Figure 1E).
There was no consistent trend in changes in sweating function according to the season of evaluation (Supplementary Figure S1).
For STAI state anxiety, five participants showed a reduction at 6 weeks, but three of them exhibited an increase again at 24 weeks, while one case was missing (Figure 1F). STAI trait anxiety decreased in five participants at 6 weeks, but two of them showed an increase again at 24 weeks (Figure 1G).
Correlations between evaluation parameters
Table 2 presents the Pearson correlation coefficients and p-values between evaluation parameters at 0, 6, and 24 weeks.
TABLE 2 | A table evaluating the correlation between various assessment values at weeks 0, 6, and 24 of treatment with dupilumab.
[image: Table 2]At baseline (0 weeks), a significant negative correlation was observed between sweat latency and STAI state anxiety. A positive correlation trend was noted between STAI state anxiety and EASI score (p = 0.0737), but no other significant correlations were found.
At 6 weeks, the correlations observed at 0 weeks were no longer significant. However, a significant positive correlation was detected between EASI score and STAI trait anxiety. Additionally, a positive correlation trend was noted between STAI trait anxiety and STAI state anxiety, as well as between sweat volume and sweat latency (p = 0.0525, p = 0.016, respectively).
At 24 weeks, no statistically significant correlations were found between the evaluated parameters. However, a positive correlation trend was observed between state anxiety and trait anxiety (p = 0.0508), while sweat volume and sweat latency showed a negative correlation trend (p = 0.0605).
No evaluation parameters demonstrated a consistent correlation across all time points. After dupilumab administration, state anxiety and trait anxiety showed a positive correlation trend. Additionally, the correlation between sweat volume and latency changed over time: there was no correlation at baseline, a positive correlation at 6 weeks, and a negative correlation at 24 weeks.
DISCUSSION
In patients with AD, changes in sweat composition and decreased sweating function have been reported [1]. Possible causes include obstruction of sweat pores by horny plugs, leakage of sweat outside the sweat glands [1], autonomic nerve dysfunction, and reduced postganglionic axon reflex response [8]. Dupilumab, a human monoclonal antibody targeting the IL-4/IL-13 receptor, has been recommended as a treatment option for moderate-to-severe AD in clinical guidelines since 2018. Mizukawa et al. [9] evaluated the sweating function of seven AD patients treated with dupilumab using a quantitative sweat measurement method and reported that, at 16 weeks, the average number of sweat droplets recovered to a level close to that of healthy controls. Furthermore, their report suggested that the improvement in sweating dysfunction did not necessarily correlate with clinical symptoms, indicating that the recovery of sweating function was not merely a result of improved skin symptoms.
In our study, skin symptoms improved in all cases by week 6 and remained improved at week 24. However, the changes in sweating volume and latency did not necessarily correlate with the changes in skin symptoms. Previous studies have reported that sweating function in AD patients improved to a level comparable to that of healthy individuals. However, our analysis did not show a consistent trend in the longitudinal changes of sweating volume and sweating latency. This discrepancy may be due to differences in the methods used for sweat induction and measurement—Mizukawa et al. assessed sweat function using skin replicas after thermally induced sweating, whereas we quantitatively measured axon reflex sweating induced by acetylcholine.
In our QSART measurements, four cases exhibited decreased sweating at baseline, with sweat volume below the reference threshold of 0.5 mg/cm2/5 min. All four cases showed an increase in sweat volume and a shortening of sweating latency at 6 weeks (Figures 1D,E). However, by week 24, sweat volume in these four cases had declined, with two cases falling below the reference threshold, and sweating latency was prolonged. Sweating latency reflects the reactivity of the postganglionic axon reflex induced by acetylcholine. These findings suggest that abnormal responsiveness to acetylcholine is a factor in the QSART-measured reduction in sweat volume in AD. Dupilumab may temporarily improve this acetylcholine responsiveness, but its effect diminishes after 6 months of treatment.
These changes were not related to the longitudinal changes in AD severity, implying that AD patients have an intrinsic abnormality in acetylcholine responsiveness, possibly due to underlying neurological dysfunction, including autonomic nervous system involvement. Our study also found a significant negative correlation between baseline state anxiety and sweating latency, and a trend toward a positive correlation between EASI and sweating latency (Table 2).
Kijima et al. [4] reported a significant positive correlation between trait anxiety and sweating latency in both lesional and non-lesional areas in AD patients, but no correlation between SCORAD and sweating latency [4]. Moreover, their study showed a positive correlation between state anxiety and sweating latency in lesional areas (r = 0.3628, p = 0.097), which contradicts our findings. This discrepancy may be attributed to differences in sample size. While our study aimed to track the longitudinal changes in sweating function under dupilumab treatment, future studies should carefully consider the impact of sample size when conducting similar investigations.
Several reports have discussed the relationship between acetylcholine and anxiety. It has been suggested that dysregulation of nicotinic acetylcholine receptors is involved in depression [10], that endogenous acetylcholine levels are elevated in patients with depression, leading to reduced nicotinic receptor activity [11], and that antimuscarinic drugs exert antidepressant effects [12]. It is also known that the skin of AD patients accumulates high concentrations of acetylcholine [13], which may contribute to the link between sweating dysfunction and anxiety.
In our clinical study, dupilumab initially improved sweating function at 6 weeks, but this improvement reverted by week 24. However, there is currently no clear scientific evidence to explain this phenomenon. Seasonal variations may have contributed to this effect. Although sweating volume and latency were analyzed by baseline season (Supplementary Figure S1), no significant trends were identified. IL-4 is a cytokine with neuroimmune activity that directly affects nerves [14]. Peripheral nerves exposed to IL-4 may experience some form of axon reflex impairment, leading to decreased sweating function. Alternatively, a study has reported that long-term dupilumab treatment results in the accumulation of IL-13 in the skin of AD patients. IL-13 receptor, which is composed of IL-13Rα1 and the IL-4 receptor α chain, has been reported to be expressed in sweat glands [15]. If dupilumab initially inhibits IL-13, leading to improved sweating function, but prolonged administration shifts the skin environment to an IL-13-dominant state, causing sweating function to decline again, IL-13 could be considered a key cytokine in sweating inhibition. Nevertheless, these hypotheses remain speculative. Now that anti-IL-13 biologics are available for clinical use, evaluating sweating function in patients treated with anti-IL-13 agents may provide answers.
The major limitations of our study include its small sample size, single-group open-label design, and missing data, which limit the statistical robustness of our interpretations. However, our study is significant in that we evaluated the effects of dupilumab on sweating function over 24 weeks, demonstrated the dissociation between clinical severity and sweating function, and revealed that sweating function exhibited unexpected temporal changes. These findings provide valuable data that can be utilized in future clinical studies assessing the recovery of sweating function in AD patients.
If the relationship between sweat function and physiological and psychological effects during dupilumab treatment can be demonstrated in future case series, it may be possible to influence clinical decision-making.
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