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Canine atopic dermatitis (CAD) is a common skin disease in dogs. Various pathogenic factors contribute to CAD, with dust mites, environmental pathogens, and other substances being predominant. This research involved comprehensive statistical analysis and prediction of CAD in China, using data from 14 cities. A distributed lag nonlinear model (DLNM) was developed to evaluate the impact of environmental factors on CAD incidence. Additionally, a seasonal auto-regressive moving average (ARIMA) model was used to forecast the monthly number of CAD cases. The findings indicated that CAD mainly occurs during June, July, August, and September in China. There was a positive correlation found between CAD incidence and temperature and humidity, while a negative correlation was observed with CO, PM2.5, and other pollutants.
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1 Introduction

Canine atopic dermatitis (CAD) is a prevalent clinical syndrome worldwide, rather than a singular disease entity (1). It is increasingly recognized that CAD is a genetically predisposed, progressive, chronically relapsing, inflammatory, and pruritic skin disease with characteristic clinical features associated with immunoglobulin (Ig) E antibodies most commonly directed against environmental allergens (2). What was once simply presented as a type I hypersensitivity to inhaled environmental allergens is now viewed as a multifactorial and complex inflammatory syndrome that may or may not be associated with a demonstrable allergic response, and in which the skin is the main avenue of allergen exposure (3). According to the literature review, dust mites, environmental pathogens, dust, and other substances are the main pathogenic factors of CAD (4). Furthermore, epidemiological surveys showed that the incidence of CAD had a strong relationship with specific regional and climatic factors.

The most common characteristics of CAD are moderate to severe pruritus, often preceded and accompanied by erythema, papules, spontaneous hair loss, shedding, hyperpigmentation, and lichenification (5–7). However, due to the diversity of manifestations, clinical signs are not specific, so a preliminary examination cannot make a definitive diagnosis. This can lead to missed treatment and further skin damage. Moreover, due to the strong genetic tendency and breed specificity, the loss caused by CAD will be more serious (8).

A recent study conducted in Sweden focused on insured dogs, aiming to validate the diagnosis of chronic atopic dermatitis (CAD) in a comprehensive animal insurance database by comparing it with practice records (9). The reported clinical presentations were compared between individuals who were atopic only and dogs with a dual diagnosis of atopy and adverse food reactions. Thus, this comparison offers valuable insights for the early diagnosis of CAD. However, there is no systematic investigation on the pathogenesis of CAD in China.

Recently, the Distributed Lag Non-linear Model (DLNM) is used to assess the delayed impacts of various predictors on an outcome variable. This model effectively captures the intricate, nonlinear relationship between the outcome and its predictors. Based on the comprehensive national case data from XinRuipeng Pet Hospital, the incidence of CAD in dogs, sex, age of onset, clinical manifestations, area of onset, season and duration of onset, and related treatment research progress were demonstrated and predicted, in order to provide valuable insights for clinical diagnosis and treatment, academic research and disease prevention (10).



2 Materials and methods


2.1 Study population

All the medical data of CAD were obtained from the medical records of Xin Ruipeng hospitals, which include veterinary outpatient clinics throughout China. A diverse range of 14 cities, strategically chosen to represent various regions of the country, were included in the analysis. These 14 cities encompass Central China (Chengdu, Chongqing), North China (Beijing, Tianjin), East China (Shanghai, Nanjing), South China (Shenzhen, Guangzhou), Northwest China (Xi’an, Lanzhou), Southwest China (Changsha, Wuhan), and Northeast China (Shenyang, Changchun). All these data of confirmed dog cases were obtained from January 2021 to December 2022. Sex, age, main complaint, clinic diagnosis, city of treatment, date of hospital visit, and duration of incidence were included in the study (11).

Since CAD cannot be diagnosed by simple indicators, this study developed a screening process according to the Favrot principles recommended by the International Committee on Animal Allergic Diseases (12). For selection, the process was as follows: Pet type: dog; Pet age: over 6 months old. According to the guidelines for diagnosis and allergen identification of CAD, the main complaints should include behavioral characteristics such as rubbing, chewing, excessive grooming or licking, scooting, and/or head shaking (13). Clinic diagnosis should require specific conditions such as otitis, cheilitis, conjunctivitis, front feet dermatitis, pododermatitis, anal sacculitis, recurrent superficial pyoderma, Malassezia dermatitis, seasonal allergic dermatitis, or undiagnosed skin inflammation. Furthermore, dogs with infectious diseases, virus-related diseases, endocrine-related diseases, immune-mediated diseases, diseases caused by foreign bodies, diseases caused by physiological abnormalities, and tumor-related diseases were excluded based on physical examination, chief complaint information, and laboratory examination in the medical records within the subsequent three-month period. Cases with incomplete medical records and vague physician diagnoses were also excluded. Consequently, a total of 41,551 dog cases were included in the final analysis. The screening process is shown in Figure 1.
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FIGURE 1
 The flowchart for CAD screening.




2.2 Meteorological data


2.2.1 Subjects

The meteorological data and air pollution indicators were obtained from the monitoring and analysis platform1 of air quality, specifically the monthly average data of the aforementioned 14 cities, covering the period from 2021 to 2022. This encompassed the monthly average (both maximum and minimum) temperature, average humidity, as well as the monthly average concentrations of PM2.5, PM10, CO, NO2, SO2, and O3 (Supplementary Table S2).



2.2.2 Statistical analysis

In this study, the meteorological data, including temperature, humidity, and air pollutants, were presented as mean with standard deviation (SD). Age was presented as median values with interquartile ranges (IQR). The epidemiological characteristics of CAD, categorized by sex, main complaint, clinic diagnosis, city of treatment, and the year and month of the visit, were presented as number with proportion and were compared by the chi-square test or Fisher’s exact test if necessary. The relationship between the incidence of CAD and meteorological data was analyzed by the Spearman correlation. Furthermore, a Distributed Lag Nonlinear Model (DLNM) was constructed to estimate the effects of ambient temperature, humidity, and air pollutants on CAD using the package “dlnm.” This model is widely used to explore the relations of environmental and health factors. It can effectively capture and evaluate the complex and non-linear relationships between environmental factors and CAD, as well as their delayed effects. The outcome variable was the incidence rate of CAD. The DLNM model was fitted through a cross-basis function simultaneously describing the effect of the monthly mean temperature and its lag structure with maximum lag l on the expected incidence. Each monthly mean ozone concentration of ambient temperature, humidity, and air pollutants were individually input into the model to observe its effects. The seasonal auto-regressive moving average (ARIMA) model was then used to predict the trend of the total number of CAD cases per month using the package “forecast” (14). All these statistical analyses were performed by R version 4.2.2 (R Project for Statistical Computing), and the statistical significance was set at p < 0.05.





3 Results


3.1 Distribution of CAD in 14 cities

The data were collected from 14 cities from January 2021 to December 2022. These datasets encompassed a vast number of 2,438,587 canine cases, with a specific focus on 89,869 instances of pruritus. Out of these, a total of 41,551 dogs were definitively diagnosed with CAD and were subsequently included in the study, accounting for 46.24% of pruritus cases. The median age of these 41,551 cases was 39.0 months, with an interquartile range (IQR) of 19.0–69.0 months, while 23,249 (56.0%) dogs were male (Table 1).



TABLE 1 The prevalence of CAD in China from Jan 2021 to Dec 2022.
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The number of CAD cases in dogs over 6 months old in China were mainly in Beijing (9,673) and Shanghai (7,398), which are the political and economic centers of China, respectively, followed by Shenzhen (4,500) and Nanjing (4,330). Conversely, Changsha (272 cases) and Lanzhou (153 cases), situated in the southwest and northwest regions of China, respectively, exhibit the lowest number of CAD cases. Notably, the cities where CAD prevalence exceeds 2% among dogs older than 6 months include Shanghai, Tianjin, Nanjing, Chengdu, Guangzhou, Shenyang, Shenzhen, and Beijing (Table 2).



TABLE 2 The incidence of CAD in different cities of China.
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The leading sites of CAD occurred mainly on the ventral side (34,208, 82.33%). The following high-frequency sites were ears (3,336, 8.03%), paws (2,536, 6.10%), eyelids (1,102, 2.65%), and the peri-anal region (369, 0.89%). These data are summarized in Table 2.

Given that the median age of CAD patients was 39.0 months, we categorized the CAD cases into two groups. The results showed that the CAD cases in 2022, during the fourth quarter of the year, or in South or North China were older (all p values were < 0.001). Additionally, a higher proportion of female CAD patients was observed in the first quarter of the year (44.79%), with the largest percentage of female CAD patients reported in Central China (49.81%). However, there was no statistically significant difference in the distribution of CAD cases across different years (Table 3).



TABLE 3 The distribution of CAD in different genders and ages in different regions and seasons.
[image: Table3]



3.2 Relationship between CAD and environment

From January 2021 to December 2022, the median monthly maximum temperature, minimum temperature and humidity were 22°C, 13°C and 70%, respectively. The median monthly concentrations of PM2.5, PM10, CO, NO2, SO2, and O3 were 27 (IQR: 20, 32) μg/m3, 51 (IQR: 38, 54) μg/m3, 0.672 (IQR: 0.589, 0.707) mg/m3, 30 (IQR: 23, 31) μg/m3, 7 (IQR: 5, 8) μg/m3, and 92.0 (IQR: 66.8, 92.2) μg/m3, respectively (Supplementary Table S2).

The results of Spearman correlation analysis between temperature, humidity, and air pollutants and the incidence of CAD cases are presented in Figure 2. The incidence of CAD is positively correlated with temperature, humidity, and O3, while it is negatively correlated with the concentration of PM2.5, PM10, CO, NO2, and SO2, and all these correlations are statistically significant (p < 0.0001). The correlation between air pollutants, temperature, and the number of CAD cases in each city was shown in Supplementary Table S1.
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FIGURE 2
 The correlations between temperature, humidity and air pollutants, and the incidence of CAD cases. The lower left part represented the R value of spearman correlation; In the upper right part, red signifies a positive correlation, while blue represents a negative correlation. The intensity of the color corresponds to the magnitude of the correlation. Asterisks (*, **, ***) indicate statistical significance at the 0.05, 0.01, and 0.0001 levels, respectively.


According to Table 4, there was a relationship between the incidence of CAD and temperature, humidity, and air pollutants estimated by the DLMN model. Nine environmental factors were incorporated into the single-pollution model to analyze the delayed impact on incidence of CAD. Statistically significant associations were observed between the incidence of CAD and maximum temperature, minimum temperature, humidity and the concentrations of PM2.5, PM10, CO, NO2, SO2, and O3. The peak effects occurred with lags of 1, 1, 1, 1, 1, 0, 1, 1, and 1 month, respectively. The coefficients for the increase in these 9 Nine environmental factors were determined to be 0.78 (0.45 ~ 1.11), 0.68 (0.42 ~ 0.94), 0.47 (0.22 ~ 0.71), −0.90 (−1.14 ~ −0.66), −1.10 (−1.3 ~ −0.89), 0.54 (0.11 ~ 0.97), −0.81 (−1.01 ~ −0.62), −0.52 (−0.74 ~ −0.30), and 0.55 (0.38 ~ 0.72), respectively. The effects of maximum temperature, minimum temperature, and humidity on the incidence of CAD were all positive and statistically significant. On the other hand, the effects of air pollutants PM2.5, PM10, NO2, and SO2 on the incidence of CAD were all negative and statistically significant. However, the effects of CO and O3 on the incidence of CAD were both positive.



TABLE 4 Effects of different climatic factors on the incidence of CAD.
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3.3 Prediction of CAD in different cities

We used the time series method to analyze the number of CAD cases per month. The time series plot is shown in Figure 3A. As the p value was 0.072 in the Augmented Dickey-Fuller test, the seasonal ARIMA model was used to build the prediction model. Referring to the autocorrelation function (ACF) and partial autocorrelation function (PACF) figures (Figures 3B,C) of the original series and difference series, the SARIMA model was fitted using the auto-arima function, which automatically selects the model’s parameters and returns the SARIMA model with the minimum AIC value. The SARIMA (4,0,0) model was finally constructed (Figure 3D) with model AICc = 348.5. The result of the Kolmogorov–Smirnov nonparametric test showed that D = 0.142 and p = 0.670 with the normally distributed residuals of the model. The predicted number of cases in 2023 is shown in Table 5.
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FIGURE 3
 Time series was used to analyze and predict the incidence of CAD. (A) CAD quantity outcomes were predicted using time series. (B) Analysis of the original sequence. (C) Differential sequence analysis. (D) SARIMA (4,0,0) model.




TABLE 5 Estimated number of CAD cases in 2023.
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4 Discussion

In this study, a comprehensive survey was conducted across pet stores in 14 cities in China to gain insights into the incidence of Canine Atopic Dermatitis (CAD) among pet dogs in the country. Additionally, the DLNM model was employed to investigate the influence of nine environmental factors, including temperature, humidity, and air pollutants, on the incidence of CAD. Furthermore, the SARIMA model was utilized to anticipate the future occurrence of CAD in pet dogs. These findings aim to offer valuable insights to subsequent pet medical institutions.


4.1 The influence of air pollutants on the incidence of CAD


4.1.1 Effect of PM2.5 on the incidence of CAD

PM2.5, which refers to fine particulate matter with a diameter of 2.5 microns or less, is an air pollutant (15). When PM2.5 levels rise, it usually has a negative impact on human health, such as respiratory diseases, cardiovascular diseases, and even cancer. However, the above data suggest that for dogs, elevated PM2.5 levels may actually reduce the incidence of skin diseases such as CAD.

We believe that the reason for this difference may be that when the content of PM2.5 in the air increases, the water vapor content in the air will relatively decrease, making the air drier. A dry environment can breed certain canine skin diseases, thus reducing the incidence of CAD. In addition, there is another hypothesis for this phenomenon. Literature has shown that when the content of air pollutants increases, people’s outdoor activities will decrease (16). Therefore, it can be speculated that when the content of PM2.5 increases, people’s outdoor activities will decrease, which will lead to the reduction of outdoor activities of pet dogs, thus reducing the skin exposure to air pollutants such as PM2.5. As a result, the incidence of CAD is reduced. At the same time, some studies have shown that the increase of air pollutants such as PM2.5 will also make the animal body surface drier, thereby reducing the infection of some pathogens (17). However, some studies have also shown that PM2.5 will increase the incidence of CAD in dogs and humans alike, and the study also mentioned that the PM2.5 content in the homes of dogs with CAD was higher than that of dogs without CAD (15). We think this may be related to the different dog-raising habits in different regions and the different attitudes of pet owners toward air pollution. The specific mechanism of PM2.5’s effect on CAD requires further research.



4.1.2 Effect of O3 on the incidence of CAD

In general, elevated ozone concentrations have a negative impact on dog skin health and may lead to an increased incidence of canine dermatitis for the following reasons: O3 damages skin tissues (18): High levels of O3 can damage a dog’s skin and reduce its immunity, which increases the incidence of dermatitis. O3 stimulates inflammation: O3 can cause inflammation, which can increase the incidence of existing skin diseases. High temperature and humidity make skin more vulnerable: In high temperature and humidity, O3 molecules can irritate skin cells and damage the integrity of skin cell membranes, making skin more vulnerable to damage and irritation (19–21). In conclusion, although O3 is a gas that is harmful to the health of dogs, its association with skin diseases needs to be further studied and explored as its effects may be influenced by many other factors.




4.2 The impact of geographical location of living environment on the incidence of CAD

The differences in the geographical environment of the dogs are caused by the different geographical locations in China. As can be seen from Figure 4, the incidence of CAD varies significantly with time and temperature in different regions. Taking Beijing and Guangzhou as an example, it can be seen from the figure that the temperature change trend of Beijing and Guangzhou is similar, but the time curves of CAD incidence are quite different. There was a one-month lag between the CAD incidence curve and the temperature curve in Beijing, but not in Guangzhou Therefore, it can be seen that the incidence of CAD is indeed affected by geographical location factors.
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FIGURE 4
 Plot of CAD incidence versus temperature in different cities. The red line represents the change of CAD incidence, and the blue line represents the change of temperature. (A) Graph of the relationship between Beijing temperature and the number of CAD cases. (B) Graph of the relationship between Guangzhou temperature and the number of CAD cases.


In addition, due to the differences in economic development in different cities, the treatments of pet owners after the onset of the disease, the total number of pet dogs, and the distribution of pet hospitals will have an impact on the incidence of CAD shown in the data (22). Therefore, it can be speculated that the impact of geographical location on the incidence of CAD is a complex process, and its influencing factors are also diverse. However, through this survey on the number of CAD cases, the trend of the incidence of CAD in a specific city with time can be preliminarily obtained, so as to effectively infer the incidence of CAD in the future (23).



4.3 Influence of canine gender on CAD

In this survey, we found that the incidence of CAD in male dogs is higher than that in female dogs nationwide, and this situation has not changed over time. Therefore, although there is no clear evidence that the incidence of CAD is directly related to gender, we can infer that the incidence of CAD in male dogs is slightly higher than that in female dogs. This is similar to the results of a Hungarian survey of canine atopic dermatitis (23). However, in another report earlier (24), it was also inferred that CAD is more common in females than in males, so this investigation can only prove that the incidence of CAD in males is higher than that in females in the treated dogs in the above areas, and the specific reason needs to be proved by further experiments.



4.4 Main onset time of CAD in China

In addition, as shown in Figure 2, the incidence of CAD peaks in June, July, August, and September, which is also a high-risk period for parasitic infections, fungal infections, and other skin diseases, as shown by other studies (25). Therefore, pet dogs should strengthen cleaning measures during this period, reduce exposure to air pollutants, keep their body surface clean and dry, and undergo regular checkups, so as to reduce the incidence of CAD and other skin diseases.




5 Conclusion

Based on the case data compiled by Xin Ruipeng Hospitals, CAD predominantly manifests during June, July, August, and September in China. Temperature and humidity were positively correlated with the incidence of CAD, while most of these common air pollutants, such as PM2.5, PM10, NO2, and SO2, were negatively correlated. The effects of these environmental factors except CO were delayed for about 1 month. However, relevant studies have shown that exposure to PM2.5 in animals can cause skin barrier damage and lead to the development and deterioration of CAD (26–29), which is contrary to the results obtained from the survey data. Therefore, it is speculated that there are other social and environmental factors affecting the results in China. It is imperative for pet dogs to enhance hygiene measures during these months, minimize exposure to atmospheric pollutants, maintain cleanliness and dryness of their coats, and undergo periodic health screenings. By adhering to these preventive measures, the likelihood of CAD and other skin disorders can be reduced.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

YD: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Resources, Writing – review & editing. LW: Formal analysis, Writing – original draft, Writing – review & editing. KZ: Data curation, Formal analysis, Methodology, Resources, Writing – review & editing. HZ: Conceptualization, Project administration, Supervision, Writing – original draft. DG: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Fundamental Research Funds for the Central Universities (KYCXJC2024002 & YDZX2023006) and a project funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD).



Conflict of interest

YD was employed by New Ruipeng Pet Healthcare Group Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1428805/full#supplementary-material



Footnotes

1   
http://tianqihoubao.com/




References

 1. Marsella, R
. Advances in our understanding of canine atopic dermatitis. Vet Dermatol. (2021) 32:547–7. doi: 10.1111/vde.12965


 2. Halliwell, R
. Revised nomenclature for veterinary allergy. Vet Immunol Immunopathol. (2006) 114:207–8. doi: 10.1016/j.vetimm.2006.08.013 

 3. Trikamjee, T, Basera, W, Botha, M, Facey-Thomas, HE, Gaunt, B, Genuneit, J , et al. Associations between environmental dust composition and atopic dermatitis in urban and rural settings. Pediatr Allergy Immunol. (2021) 32:1013–21. doi: 10.1111/pai.13476 

 4. Lu, Yu. (2010) A brief discussion on atopic dermatitis in dogs. In 2010 academic annual meeting of Chinese Association of Animal Husbandry and Veterinary Medicine -- the second Chinese veterinary clinical congress, Changchun, Jilin, China. (2010)


 5. Bizikova, P, Santoro, D, Marsella, R, Nuttall, T, Eisenschenk, MN, and Pucheu-Haston, CM. Review: clinical and histological manifestations of canine atopic dermatitis. Vet Dermatol. (2015) 26:79–9. doi: 10.1111/vde.12196


 6. Hensel, P, Santoro, D, Favrot, C, Hill, P, and Griffin, C. Canine atopic dermatitis: detailed guidelines for diagnosis and allergen identification. BMC Vet Res. (2015) 11:196. doi: 10.1186/s12917-015-0515-5


 7. Favrot, C, Steffan, J, Seewald, W, and Picco, F. A prospective study on the clinical features of chronic canine atopic dermatitis and its diagnosis. Vet Dermatol. (2010) 21:23–31. doi: 10.1111/j.1365-3164.2009.00758.x 

 8. Gedon, N, and Mueller, RS. Atopic dermatitis in cats and dogs: a difficult disease for animals and owners. Clin Transl Allergy. (2018) 8:41. doi: 10.1186/s13601-018-0228-5 

 9. Picco, F, Zini, E, Nett, C, Naegeli, C, Bigler, B, Rufenacht, S , et al. A prospective study on canine atopic dermatitis and food-induced allergic dermatitis in Switzerland. Vet Dermatol. (2008) 19:150–5. doi: 10.1111/j.1365-3164.2008.00669.x 

 10. Guo, CY, Huang, XY, Kuo, PC, and Chen, YH. Extensions of the distributed lag non-linear model (DLNM) to account for cumulative mortality. Environ Sci Pollut Res Int. (2021) 28:38679–88. doi: 10.1007/s11356-021-13124-0 

 11. Williams, HC, Burney, PG, Strachan, D, and Hay, RJ. The U.K. working party’s diagnostic criteria for atopic dermatitis. II. Observer variation of clinical diagnosis and signs of atopic dermatitis. Br J Dermatol. (1994) 131:397–405. doi: 10.1111/j.1365-2133.1994.tb08531.x


 12. Terada, Y, Nagata, M, Murayama, N, Nanko, H, and Furue, M. Clinical comparison of human and canine atopic dermatitis using human diagnostic criteria (Japanese Dermatological Association): proposal of provisional diagnostic criteria for canine atopic dermatitis. J Dermatol. (2011) 38:784–90. doi: 10.1111/j.1346-8138.2010.01136.x 

 13. Williams, HC
. Clinical practice. Atopic dermatitis. N Engl J Med. (2005) 352:2314–24. doi: 10.1056/NEJMcp042803


 14. Peng, Z, Bao, C, Zhao, Y, Yi, H, Tang, S, Yu, H , et al. ARIMA model and its application in predicting the incidence of infectious diseases. Journal of Mathematical Statistics and Management. (2008) 2:362–8. doi: 10.13860/j.cnki.sltj.2008.02.009


 15. Lee, JH, Kang, BT, and Kim, HJ. Effect of indoor air pollution on atopic dermatitis in dogs. Allergy. (2023) 78:862–4. doi: 10.1111/all.15521


 16. Binbin, Y, Jing, S, Yarong, W, and Ruo-peng, A. The effects of air pollution on physical activity in China were analyzed by a systematic review. Chin J Public Health. (2020) 36:1116–20. doi: 10.11847/zgggws1122698


 17. Hendricks, AJ, Eichenfield, LF, and Shi, VY. The impact of airborne pollution on atopic dermatitis: a literature review. Br J Dermatol. (2020) 183:16–23. doi: 10.1111/bjd.18781 

 18. Weber, SU, Thiele, JJ, Cross, CE, and Packer, L. Vitamin C, uric acid, and glutathione gradients in murine stratum corneum and their susceptibility to ozone exposure. J Invest Dermatol. (1999) 113:1128–32. doi: 10.1046/j.1523-1747.1999.00789.x 

 19. Niwa, Y, Sumi, H, Kawahira, K, Terashima, T, Nakamura, T, and Akamatsu, H. Protein oxidative damage in the stratum corneum: evidence for a link between environmental oxidants and the changing prevalence and nature of atopic dermatitis in Japan. Br J Dermatol. (2003) 149:248–54. doi: 10.1046/j.1365-2133.2003.05417.x 

 20. Penning, TM
. Dihydrodiol dehydrogenase and its role in polycyclic aromatic hydrocarbon metabolism. Chem Biol Interact. (1993) 89:1–34. doi: 10.1016/0009-2797(93)03203-7 

 21. Thiele, JJ, Traber, MG, Podda, M, Tsang, K, Cross, CE, and Packer, L. Ozone depletes tocopherols and tocotrienols topically applied to murine skin. FEBS Lett. (1997) 401:167–70. doi: 10.1016/S0014-5793(96)01463-9 

 22. iResearch Consulting
. China pet consumption trend white paper. (2023). Available at: https://re-port.iresearch.cn/report_pdf.aspx?id=4140 (Accessed April 20, 2024).


 23. Tarpataki, N, Papa, K, Reiczigel, J, Vajdovich, P, and Vorosi, K. Prevalence and features of canine atopic dermatitis in Hungary. Acta Vet Hung. (2006) 54:353–66. doi: 10.1556/avet.54.2006.3.6


 24. Linder, KE
. Skin biopsy site selection in small animal dermatology with an introduction to histologic pattern-analysis of inflammatory skin lesions. Clin Tech Small Anim Pract. (2001) 16:207–13. doi: 10.1053/svms.2001.27595 

 25. Wang, Y
. Epidemiological survey of skin diseases in pet dogs. Hubei Anim Husband Vet Med. (2021) 42:8–10. doi: 10.16733/j.cnki.issn1007-273x.2021.08.002


 26. Kim, BE, Kim, J, Goleva, E, Berdyshev, E, Lee, J, Vang, KA , et al. Particulate matter causes skin barrier dysfunction. JCI Insight. (2021) 6:e145185. doi: 10.1172/jci.insight.145185


 27. Jin, SP, Li, Z, Choi, EK, Lee, S, Kim, YK, Seo, EY , et al. Urban particulate matter in air pollution penetrates into the barrier-disrupted skin and produces ROS-dependent cutaneous inflammatory response in vivo. J Dermatol Sci. (2018) 91:175–83. doi: 10.1016/j.jdermsci.2018.04.015 

 28. Kabashima, K, Otsuka, A, and Nomura, T. Linking air pollution to atopic dermatitis. Nat Immunol. (2016) 18:5–6. doi: 10.1038/ni.3615


 29. Kim, BE, and Leung, D. Significance of skin barrier dysfunction in atopic dermatitis. Allergy Asthma Immunol Res. (2018) 10:207–15. doi: 10.4168/aair.2018.10.3.207 


Copyright
 © 2024 Dong, Wang, Zhang, Zhang and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prevalence and association with environmental factors and establishment of prediction model of atopic dermatitis in pet dogs in China



		1 Introduction



		2 Materials and methods



		2.1 Study population



		2.2 Meteorological data



		2.2.1 Subjects



		2.2.2 Statistical analysis















		3 Results



		3.1 Distribution of CAD in 14 cities



		3.2 Relationship between CAD and environment



		3.3 Prediction of CAD in different cities









		4 Discussion



		4.1 The influence of air pollutants on the incidence of CAD



		4.1.1 Effect of PM2.5 on the incidence of CAD



		4.1.2 Effect of O3 on the incidence of CAD









		4.2 The impact of geographical location of living environment on the incidence of CAD



		4.3 Influence of canine gender on CAD



		4.4 Main onset time of CAD in China









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Prevalence and association with
environmental factors and
establishment of prediction
model of atopic dermatitis in pet
dogs in China












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






OPS/images/fvets-11-1428805-t001.jpg
Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Jan Feb Mar
Total 257966 | 212441 188293
Canidae 91,239 | 81436 77145
Age(6mouth) | 70,159 63248 59881
Chief complaints 2,493 2,114 1967
screening
Diagnostic 1,008 815 851
screening

219,139

95,761
75,719

2,586

1131

283,274

120791

97,005

3,668

1,758

224457

91,340
72,883

3,809

1,861

285,253

111,584

89,225

4,938

2463

312,363

115,007

90,280

5072

2491

297,321

108775

85,103

4614

2,208

305,254

112520

88,917

4424

2,054

278,608
102,637
80,973

3,756

1,609

290,028
104,004
81,841

3430

1416

Total 279,889

236,710 275,244
Canidae 101,830 87,530 107,321
Age (>6 mouth) 80,729 69,133 83,491
Chief complaints 3,090 2,638 3235
screening
Diagnostic L8 105 126

screening

248,912
100,505
79,057

3,249

1321

257,037
102597
81,202

3,847

1,802

295,528
119,033
96,249

5443

2,850

309,551
120,047
95,813

5716

3,034

290,268
109,139
85,607

5321

2,690

281,091
103,852
80920

4591

2262

301,272
107,789
83,363

4275

2010

243,618
87,367
66,447

3,085

1362

225,045
79,338
59,808

2,508

1,039





OPS/images/fvets-11-1428805-t002.jpg
Number of  Number of Number of Site of CAD

dogsover  cases with ﬁgﬁg: dogs with .

6months CAD > male CAD Ventral  Peri- .

old from  (Percentage mugd's]n (Percentage Ear e anal  Eyelid Plaw

pet clinics %) region
Beijing 477,495 9,673 (2.03) 440(20760) | S743(937) | 93OS 75418 | US(L19)  282(292)  LIZ8(12.18)
Chengdu 166352 3,704 223) 350(180-610) | 1840(4968) | 263(71)  3211(8669) 25067 | 63(17) | 142(383)
Guangzhou 196,671 4202 (2.14) 440(220-740) | 2388(5683) | 333(792)  3487(8298)  41(098) LS8  223(531)
Lanzhou 271 153 (1.36) 33.0(160-59.0) 73 (47.71) 1901242)  129(843) 10065 | 2(131) 2(1.31)
Nanjing 192166 4330 (225) 280(150-600)  2414(5575)  329(76) | 3663(3464) 36(083)  135(312)  165(381)
Shanghai 262590 7,398 (282) 390(190-710) | 4186(3658) | 591(7.99)  6234(8427)  60(081) | 203(274)  310(4.19)
Shenzhen 220,184 4,500 (2.04) 4300107200 | 2589(5753) | 325(722)  3820(8489)  37(082)  100(222)  218(484)
Shenyang 54,768 1,127 (2.06) 320(17.0-55.0) 592 (52.53) 89(79) | 9I8(8146) 706  39(46)  74(657)
Tianjin 38,807 907 (234) 39.0 (19.0-68.0) 535 (5899) 69 (761)  736(8115) 11021 28(3.09)  63(695)
Wuhan 74,283 1,360 (1.83) 40.0 (18.0-69.0) 693 (50.96) 102(75)  1193(8772)  12088) | 28(200)  25(189)
Xian 50207 986 (1.96) 320 (160-60.0) 516(52.33) 85(862)  S02(8134)  8(081) 2828  63(639)
Changchun 13,904 272(1.96) 320(17.0-52.5) 156 (57.35) 2072 23619 3(L) | 18(662) | 7(257)
Changsha 65,222 1,255 (1.92) 360 (180-55.0) 676 (53.86) 95(757) | 1083(8629)  7(056) | 30(239)  40(3.19)
Chongging 93,133 1,684 (181) 360 (18.0-62.0) 848 (50.36) 92(558) 15329296 6(036) | 28(17)  26(158)
Total 1,917,053 A1551(217) | 390(190-690) | 23,249 (56.0%) 3336 34208 369(089) 1002 2536(61)

(8.03) (8233) (2.65)





OPS/images/fvets-11-1428805-g003.jpg
Time series graph of the number of CAD.

08 04 02 00 02 o4 06 08

04

02 00 02 04 o8 o8

20218






OPS/images/fvets-11-1428805-g004.jpg
20

50

200

150

2021

2023

20

10

20

i





OPS/images/fvets-11-1428805-t005.jpg
Estimated 95%Cl of

number estimated
number
Jan 995 504-1487
Feb 1077 406-1,748
Mar 1422 686-3,258
Apr 1,863 1,095-2,632
May 2217 1,447-2,986
Jun 2436 1,622-3,251
Jul 2445 1,559-3,332
Aug 2238 1,280-3,196
Sep 1,908 915-2,901
Oct 1,554 558-2,550
Nov 1,280 278-2,283

Dec 1171 135-2,207





OPS/images/fvets-11-1428805-t003.jpg
Year
2021 (%)

2022 (%)

Period

Jan~ Mar (%)
Apr~Jun (%)
Jul~Sep (%)
Oct~Dec (%)
Region of China
Central (%)
East (%)

North (%)
Northeast (%)
Northwest (%)

South (%)

10,268 (522)

10,446 (47.74)

3,189 (51.53)
5,438 (50.71)
7,617 (50.28)

4,470 (47.1)

2,953 (54.81)
6,303 (53.74)
4776 (45.14)
818 (58.47)
670 (58.82)

3,829 (44.00)

9,401 (47.8)

11,436 (52.26)

3,000 (48.47)
5,285 (49.29)
7,531 (49.72)

5,021 (52.9)

2,435 (45.19)
5,425 (46.26)
5,804 (54.86)
581 (41.53)
469 (41.18)

4,873 (56.00)

82.465

40.068

42098

p-value

<0.001

<0.001

<0.001

11,065 (56.79)

12,184 (56.17)

3,389 (55.21)
6,095 (57.35)
8,497 (56.61)

5,268 (56.04)

2,688 (50.19)

6,600 (57.27)

6,278 (59.58)
748 (53.66)
589 (52.40)

4,977 (57.47)

Gender

male

8,420 (43.21)

9,507 (43.83)

2,749 (44.79)
4,533 (42.65)
6,513 (43.39)

4,132 (43.96)

2668 (49.81)
4925 (42.73)
4259 (40.42)
646 (46.34)
535 (47.60)
3,683 (4253)

1562

8.095

15824

0211

0.044

<0.001





OPS/images/fvets-11-1428805-t004.jpg
Maximum temperature
Minimum temperature
Humidity (%)

PM2.5 (pg/m’)

PMIO (hg/m’)

€O (mg/m?)

NO, (ug/m’)

SO, (ng/m’)

O, (ug/m’)

ag0

0.62(0.09~1.15)*
070 0.23~ 117)**
~0.08 (~0.54~037)
0.17(=0.12~0.45)
0.04(~0.22~0.30)
0.54(0.11~097)*
0,06 (~0.23~0.36)
0.13(=0.09~0.35)

~0.31 (<061 ~-001)*

*Represented as p<0.05, **represented as p<0.01, ***represented as p<0.0001.

Lagl
0.78 (045~ L11)***
0.68 (0.42~0.94)*+*
047 0.22~071)%*
~0.90 (~1.14~~0.66)***

—110 (1.

0.89)%+*
~0.30 (~062~0.02)

~0.81 (=101~ =0.62)***

~0.52 (=074~ ~0.30)***

055 (038~ 0.72)%**

ag2
0.03(-0.52~0.59)
0.25(~0.26~0.76)
0.04(-0.46~0.54)
0.10(=0.50~0.71)
0.12(=0.37~0.61)
~0.22(~0.88~0.44)
~0.19 (~0.64~0.27)
~0.36 (~0.81~0.09)
0.19(~0.20~0.58)





OPS/images/fvets-11-1428805-g001.jpg
All pets from 14 cities
between January 2021 and
December 2022
(6,398,562)

A 4

All Canine companion
(2,438,587)

A J

All Canine companion over
6 months old
(1,917,053)

l._

The remaining Canine
companion
(89,869)

Filter by main complaints
behavioral characteristics such

as rubbing, chewing, excessive
grooming or licking, scooting, and/or
head shaking

Canine atopic dermatitis
(41,551)

specific conditions such as otitis, cheilitis,
conjunctivitis, interdigital dermatitis,
pododermatitis, anal sacculitis, recurrent
superficial pyoderma, malassezia dermatitis,
seasonal allergic dermatitis, or undiagnosed
skin inflammation






OPS/images/fvets-11-1428805-g002.jpg
PM25

PM10

s02

03

CAD ratio

CAD

Total Number

Humidity

Min_temp.

Max_temp

0.78 0.53 091 1.00

-0.57 -0.43 -0.53

~0.46-0.35|~0.49

-0.43(-0.39|-0.38

-0.33(-0.34(-0.29

0.50 | 0.59 0.38| 0.46| 1.00 s

-0.46

-0.52|-0.38

-0.47|-0.72

-0.38|-0.69

=0.49|-0.36

°

-0.2

-0.4





