

[image: image1]
Association Between Atopic Dermatitis, Asthma, and Serum Lipids: A UK Biobank Based Observational Study and Mendelian Randomization Analysis












	
	ORIGINAL RESEARCH
published: 21 February 2022
doi: 10.3389/fmed.2022.810092






[image: image2]

Association Between Atopic Dermatitis, Asthma, and Serum Lipids: A UK Biobank Based Observational Study and Mendelian Randomization Analysis

Zhenwei Tang1,2,3, Minxue Shen1,2,3,4*, Yi Xiao1,2,3, Hong Liu1,2,3* and Xiang Chen1,2,3*


1Department of Dermatology, Xiangya Hospital, Central South University, Changsha, China

2Hunan Key Laboratory of Skin Cancer and Psoriasis, Changsha, China

3Hunan Engineering Research Center of Skin Health and Disease, Central South University, Changsha, China

4Department of Social Medicine and Health Management, Xiangya School of Public Health, Central South University, Changsha, China

Edited by:
Ivan V. Litvinov, McGill University, Canada

Reviewed by:
Richie Jeremian, McGill University Health Centre, Canada
 Pingxing Xie, McGill University Health Centre, Canada

*Correspondence: Minxue Shen, shenmx1988@csu.edu.cn
 Xiang Chen, chenxiangck@126.com
 Hong Liu, hongliu1014@csu.edu.cn

Specialty section: This article was submitted to Dermatology, a section of the journal Frontiers in Medicine

Received: 02 December 2021
 Accepted: 13 January 2022
 Published: 21 February 2022

Citation: Tang Z, Shen M, Xiao Y, Liu H and Chen X (2022) Association Between Atopic Dermatitis, Asthma, and Serum Lipids: A UK Biobank Based Observational Study and Mendelian Randomization Analysis. Front. Med. 9:810092. doi: 10.3389/fmed.2022.810092



Background: Both atopic diseases and dysregulation of serum lipids (SLs) add to significant health burden, but evidences about their association are inconsistent.

Objective: This work is to evaluate the association between asthma/atopic dermatitis (AD) and SLs and investigate the potential causal relationship.

Methods: A large-scale cross-sectional study based on the UK Biobank (UKB) and then examined the casual relationships between SLs with asthma/AD based on a Mendelian randomization (MR) analysis.

Results: A total of 502,505 participants were included in analysis. After full adjustment, AD was associated with lower TG (β = −0.006; 95%CI, −0.010 to −0.002; P = 0.006), lower LDL (β = −0.004; 95%CI, −0.006 to −0.002, P < 0.001), and lower TC (β = −0.004; 95%CI, −0.005 to −0.002; P < 0.001) but insignificantly correlated to HDL (P = 0.794). Asthma was also inversely correlated to TG (β = −0.005; 95%CI, = −0.007 to −0.003; < 0.001), LDL (β = −0.003; 95%CI, −0.004 to −0.002; P < 0.001), and TC (β = −0.002; 95%CI, −0.003 to −0.002; P < 0.001), but was positively correlated to HDL (β = 0.004; 95%CI, 0.003 to 0.005; P < 0.001), respectively. In subsequent MR analysis, both allergic diseases and asthma showed a protective effect on TC. Allergic diseases, asthma, and AD all showed a negative effect on LDL.

Conclusion: Collectively, we identify a protective causal effect of allergic diseases on serum lipids, as well as a potentially positive association of HDL with asthma. Owing to the largest sample size and the application of IVs in causal inference, this study will provide a robust evidence for the management of asthma and AD and the prevention of dyslipidemia.
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INTRODUCTION

Atopic diseases, including atopic dermatitis (AD), asthma and allergic rhinitis remain a great challenge worldwide. Allergic diseases affect ~10–30% population in developed countries and their global prevalence is still increasing (1, 2). Worse yet, the constant impact of atopic diseases often contributes to the onset of other comorbidities (3–5). To investigate the relationships between allergic diseases and their comorbidities are vital, since it may guide the treatment and management. Also, in some cases, observations on the atopic diseases and their comorbidities can lead to novel findings of the pathophysiology (4).

Serum lipids (SLs), including cholesterol, triglyceride, low density lipoprotein (LDL), high density lipoprotein (HDL), serve as an essential part of the energy supply of the whole body. On the other hand, the alteration of their concentration can lead to chronic vascular inflammation (6). Epidemiologically, unfavorable concentrations of SLs have been well clarified as a major risk factor for cardiovascular diseases (CVD), a leading cause of death worldwide. According to a previous estimation, over 50% global incidence of coronary artery disease (CAD) could be attributable to the dysregulation of SLs (7). More importantly, the association between dysregulated SLs and chronic diseases, such as psoriasis, psoriatic arthritis, diabetes, systemic lupus erythematosus, has been clarified apart from CVD (8–11). However, the association between atopic diseases and SLs remains greatly controversial. A meta-analysis of ten observational studies in 2017 suggested that the association between SLs and asthma was significant, but the effect varied from childhood to adulthood (12). On the other hand, a recent cohort study suggested that SLs might be associated with the diagnosis of asthma but not with its severity (13). More recently, an analysis of the cross-sectional data from the National Health and Nutrition Examination Survey (NHANES) in the U.S. revealed an insignificant association between SLs and asthma in children and adolescents (14). As for AD, only a few studies reported the potential association (15, 16). More evidences are needed to validate the casual relationship between atopic diseases and SLs and the underlying mechanisms.

Considering that previous inconsistent findings may be due to the sample size, age of the participants, and their incapability for causal inference, we herein conducted a large-scale cross-sectional study based on the UK Biobank (UKB) and then examined the casual relationships between SLs with asthma and AD based on a Mendelian randomization (MR) analysis.



METHODS


Study Design and Participants

UKB is a large population-based study with over 500,000 participants, recruited during 2006 and 2010 from across England, Scotland, and Wales. The volunteers were aged between 40 and 70 at the time of recruitment, and provided data from touchscreen questionnaires, physical measurements, genotyping, and longitudinal follow-up, with further data continuing to be added (17). Because the SLs data was collected from all participants at baseline but was not repeatedly measured for most subjects during the follow-up period, we conducted a cross-sectional study rather than a longitudinal cohort study.



Measurements and Definitions

Sociodemographic information, including age, sex, ethnicity, education, smoking status, alcohol consumption, household income, was obtained via face-to-face interviews or self-administered touchscreen questionnaires conducted at the baseline assessment center. Body height and weight were measured by research nurses, and body mass index (BMI) was then calculated. For asthma and AD, we used a variable that incorporated both self-reported history and medical diagnosis from inpatient or primary health care records.

Blood collection procedures are described in detail elsewhere and information on assay performance can be found on the UK Biobank website (18). SLs measured included total cholesterol (TC), LDL-C, HDL-C, and triglycerides (TG). Other biomarkers including fasting blood glucose (FBG), HbA1c, testosterone, and sex hormone-binding globulin (SHBG) were included as potential confounders. For the history of taking lipid-controlling agents (LCAs), we extracted related information based on the treatment/medication quires via verbal interview. Data fields of UKB used in this study were listed in Supplementary Table 1.



Observational Study

We performed a cross-sectional analysis to test the association SLs of asthma/AD with SLs. First, concentrations of four SLs including TC, TG, LDL, and HDL were processed via testosterone logarithmic transformations owing to skewed distributions. Next, multivariable linear regression models were performed to estimate the associations of asthma/AD with different SLs. Based on previous studies about risks factors of SLs concentration (6, 19–21), we set the following models with adjustments for potential confounders: model 1 only included asthma and AD; model 2 further included age, sex, race, BMI, smoking status, alcohol intake, and household income in addition to model 1; and model 3 further included laboratory parameters including FBG, HbA1c, testosterone, and SHBG in addition to model 2. Since 4 parameters of SLs were involved, a P-value < (0.05/4) was considered statistically significant.



Mendelian Randomization Analysis

We conducted a two-sample MR analysis based on a previous method (22). We used published summary statistic datasets from GWAS studies available on OpenGWAS database API (https://gwas.mrcieu.ac.uk/) (23), and only data from participants of European ancestry was included for the current analysis., we chose two datasets from the latest GWAS studies for TC, LDL, and HDL, and one dataset for TG. We chose one dataset for atopic diseases (including asthma, atopic dermatitis and hay fever), one for asthma, one for asthma with childhood/adulthood onset, and one for AD. Detailed information about the datasets we used is listed in Supplementary Table 2. Inverse-variance weighted (IVW) two-sample MR was performed using the R package “TwoSampleMR”, following the guidelines provided by the developers (https://mrcieu.github.io/TwoSampleMR), and in-house developed R scripts. Single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) were carefully selected for association (P < 5 × 10−8) and processed for linkage disequilibrium (LD) removal (r2 > 0.05) via the clump data function in this package. The IVs used in this study were listed in Supplementary Table 3. Moreover, to test if this association was bi-directional, a reverse MR analysis, where the exposure and outcome were exchanged, was also conducted.




RESULTS


Observational Study Based on UKB

A total of 502,505 participants were included in analysis. The sociodemographic information and related laboratory information are shown in Table 1. Generally, the mean age was 56.5 years, 52.7% were females, and 81.5% were Caucasian. Among the total participants, 13,822 participants were categorized as the AD group and 67,896 as the asthma group, with 3,071 participants overlapped in both groups. Most variables were significantly associated with AD/asthma (P < 0.05).


Table 1. Characteristics of participants by atopic dermatitis and asthma.
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First, we examined the association between SLs and asthma/AD by model 1 and found that serum concentrations of TC, TG and LDL were significantly associated with asthma and AD (P < 0.00125) (Table 2). In model 3 with full adjustment, AD was associated with lower TG (β = −0.006; 95%CI, −0.010 to −0.002; P = 0.006), lower LDL (β = −0.004; 95%CI, −0.006 to −0.002, P < 0.001), and lower TC (β = −0.004; 95%CI, −0.005 to −0.002; P < 0.001) but insignificantly correlated to HDL (P = 0.794) (Table 2). Asthma was also inversely correlated to TG (β = −0.005; 95%CI, = −0.007 to −0.003; P < 0.001), LDL (β = −0.003; 95%CI, −0.004 to −0.002; P < 0.001), and TC (β = −0.002; 95%CI, −0.003 to −0.002; P < 0.001), but was positively correlated to HDL (β = 0.004; 95%CI, 0.003–0.005; P < 0.001), respectively (Table 2).


Table 2. Associations of atopic dermatitis and asthma with serum lipids.
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In sensitivity analysis, we checked whether the association was modified by the administration of LCAs or genetic background. We extracted the participants without a history of taking LCAs and those of Caucasian origin, respectively (Table 1). The associations SLs retained significant with minor alterations in effect size among those reporting no history of taking LCAs (Table 2).



Mendelian Randomization

In order to illustrate the potential causal relationship, we further conducted two-sample MR analyses. After removal of LD and harmonization, different numbers of IVs were included in the final analysis (Figure 1). Despite that the associations were not statistically significant in some datasets, both allergic diseases and asthma showed a protective effect on TC. In contrast, the association of TG with atopic diseases was not significant (P > 0.05). Allergic diseases, asthma, and AD all showed a negative effect on LDL. The effect on HDL, however, exhibited a high inconsistency among different outcomes.


[image: Figure 1]
FIGURE 1. The summary of MR.


To test the horizontal pleiotropy of our analysis, we conducted the MR-Egger regression of each MR pair, and the results indicated no significant pleiotropy (Supplementary Tables 4–7). Besides, to reveal whether SLs could have a causal effect of asthma/AD, the reverse MR analysis was also performed, and no significance was found (Supplementary Tables 4–7).




DISCUSSION

To our knowledge, this study was based on the largest sample size and the first MR analysis to describe the relationships between SLs and asthma/AD. We found that both asthma/AD were negatively associated with TC, TG, and LDL. Subsequent MR analysis revealed a genetical casual effect of asthma on TC and LDL.

So far, both atopic diseases and SLs dysregulation have raised public concern. Evidences about their association, however, are highly heterogenous. A meta-analysis in 2017 suggested that HDL was significantly lower in asthmatic children and LDL was significantly higher in asthmatic adults (12). But the evidences included in this meta-analysis seemed highly heterogenous. Even based on the same data resource, results can be inconsistent. For instance, Fessler et al. and Lu et al. investigated the association between SLs and asthma using data from NHANES from 2005 to 2006 and from 1999 to 2012, respectively (14, 24). The former study revealed that TC and non-HDL-C are inversely correlated to asthma. The latter, however, claimed that there was no significant association between SLs and asthma, suggesting a need for expanded study. Besides, atopic diseases usually occur early during childhood, while the dysregulation of SLs are often observed in middle aged or even later. Majority of previous studies were based on younger populations such as children or adolescence, which are not considered to be representative for dyslipidemia research. In this study, we identified a negative association between TC/LDL and asthma/AD using a mid-aged population. The result was inconsistent with the previous studies, and we suspected that this was resulted from the differences in the age of participants and sample size (12–14).

Concerning the casual relationships between SLs and atopic diseases, most evidences were from cross-sectional studies and cannot indicate a causal relationship. Due to the beneficial role of calorie-restriction on atopic diseases, more attention was paid on investigating whether SLs dysregulation can contribute to the onset of atopic diseases (12, 16, 25–27), which may leave a bias on investigating the casual relationships between SLs and atopic diseases. Therefore, we explored the causal relationships through MR analyses, which showed consistent results with the observational study, supporting the protective effect of asthma/AD on lowering TC/LDL. The reverse MR further indicated that the casual effect of asthma/AD on SLs was unidirectional, indicating a non-existence of casual effect for SLs on allergic diseases. Taken together, our findings challenged the previous concepts that atopic diseases might contribute to dyslipidemia and on the contrary, proposed that atopic diseases might be intrinsically protective for dyslipidemia.

Our study also shed light on basic research. Inspired by the findings from MR analysis, we suspected that the lowering of SLs concentration might attributed to the genetic background of allergic population. Variations in human leukocyte antigen region (HLA) have been well-clarified to be associated with allergic diseases by numerous GWAS studies (28). One small-scaled study proposed an inverse correlation between HLA-DR expression and serum triglycerides concentrations (29). Results from another observational study indicated that variation in HLA-DQB1 were positively associated with lipid homeostasis and human longevity (30). Unfortunately, these studies merely revealed the association but did not provided further functional evidence, and future effort should be taken on the mechanical role of allergy-associated variation in dyslipidemia and CVD. On the other hand, allergic diseases are often featured or by an enhancement of Th2 cell-mediated responses. As the major and direct consequence of dyslipidemia, atherosclerosis can be attenuated by Th2-associated cytokines, such as IL-5 and IL-13, according to previous studies (31). Although the debate remains, studies also suggested that a higher proportion of Th2 cells among peripheral blood lymphocytes is positively correlated with lower subclinical atherosclerosis burden, and IL-4, another critical cytokine related to allergy, also inversely correlates with clinical atherosclerosis (31–33). Whether the protective role of Th2-associated cytokines is mediated by lipid metabolism, remain to be explored in the future.

Collectively, we identify a protective causal effect of allergic diseases on serum lipids. Owing to the largest sample size and the application of IVs in causal inference, this study will provide a robust evidence for the management of asthma and AD and the prevention of dyslipidemia.
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