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ABSTRACT

Objective: To explore the association of asthma with serum levels of high-density lipoprotein (HDL), low-
density lipoprotein (LDL), total cholesterol, and triglyceride.

Methods: PubMed, Cochrane, and Embase databases were systematically searched through November
2015 using the following search terms: dyslipidemia, HDL, LDL, triglyceride, cholesterol, and asthma.
Eligible studies included randomized controlled trials (RCTs), retrospective, cohort, and cross-sectional
studies. Sensitivity analysis and publication bias were performed.

Results: Twenty studies were included in the analysis with a total 32,604 patients (3,458 in the asthma
group and 29,146 in the control group). The pooled analysis found that the mean difference between
groups was significantly higher in the asthma group for levels of LDL (6.026 mg/dL, 95%C|=2:696 to
9.356, P<.001) and total cholesterol (8.161 mg/dL, 95%CI=3.006 to 13.316, P=0.002) compared with the
control group. No association was observed between asthma and control groups for.levelsief HDL (mean
difference, -0.728, 95%Cl=-3.146 to 1.691, P=0.555) or triglycerides (mean difference, 1.436, 95%Cl=-
2.768 to 5.640, P=0.503).

Conclusions: Levels of LDL and total cholesterol were higher in patients with asthma than non-asthmatic
patients.

Keywords: asthma, high-density lipoproteins, low-density lipoproteins, triglycerides, total cholesterol

Sub-Title: Lipid profile and risk of asthma
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INTRODUCTION

A number of studies have demonstrated an association between asthma and metabolic syndrome [1].
Metabolic syndrome is a cluster of biochemical and physiological risk factors that include abdominal
obesity, dyslipidemia, raised blood pressure, insulin resistance with or without glucose intolerance,
proinflammatory state, and prothrombic state [2]. Metabolic syndrome has also been shown to increase
asthma severity [3, 4]. It is currently unclear if metabolic syndrome is a risk factor for asthma, or if one
or more of its components is the risk factor for the airway disease [5]. The underlying mechanisms of the
link between asthma and metabolic syndrome is unclear [6]. It is thought that the relationship may be
bidirectional between the two diseases [6].

Epidemiology studies have found a potential association of obesity and asthma, and obesity appears
to be a predisposition factor for the onset of asthma in both children and adults [6, 7, 8].In addition,
higher BMI has been found to increase the risk of asthma in non-atopic and atopic children,[9]. Obesity
is thought to increase the risk of Th2 inflammation and atopy; however, the findings have'been
inconsistent [6, 10, 11]. In support of the role for obesity in asthma, weight loss has been found to
substantially improve clinical status, lung function, symptoms, and overall asthma‘control in overweight
severe asthmatic patients [12, 13, 14]. Some clinical studies suggest thatiasthma in obese subjects may
differ from the classical phenotype of the disease[10]. The current guidelines indicate obesity as a factor
that impairs control of asthma symptoms and the lack of response totreatment [15, 16].

Asthma is also associated with other markers of metabolieisyndrome such as dyslipidemia,
hyperglycemia, and insulin resistance [5, 6]. Low levelsiof serdm high density lipoproteins (HDLs) have
been found to be associated with an increased risk.of asthma in adolescence [17] and high levels of low-
density lipoproteins (LDLs) and triglycerides have been implicated to be associated with wheezing in
adults [18].

A number of studies have evaluated the'relationship of asthma and blood lipid profiles with
inconsistent results. The objective of the'present’study was to investigate the association between
asthma and the serum levels of HDL,LDL, total cholesterol, and triglycerides.

METHODS

Search strategy

The study followed the'recommendations of the PRISMA guidelines. The following databases were
searched through Noevember 2015: PubMed, Cochrane Library, and Embase. The search was performed
using the search terms of lipid profile, dyslipidemia, HDL, LDL, triglyceride, cholesterol, and asthma.
Eligible studies included randomized controlled trials (RCTs), retrospective, cohort, and cross-sectional
studies. Patient population of included studies could have any type of asthma and a control group with
no asthma. Studies had to have evaluated lipid profiles of the patients (i.e., [HDL, LDL, triglyceride,
and/or total cholesterol. Eligible studies had to be published in English. Ineligible studies included letters,
editorials, reviews, commentaries, case reports, personal communications, and proceedings. Studies
that did not report quantitatively outcomes of interest were also excluded. Potential studies were
screened using a two-step process. First, the title and abstract of each article was examined and
citations not meeting the inclusion criteria were discarded. Second, the full-text of the remaining articles
were reviewed with respect to the inclusion/exclusion criteria. The reference lists of the relevant studies
were hand searched to identify other studies that met the inclusion criteria. Two independent reviewers
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identified the eligible studies. If any uncertainties existed regarding eligibility, a third reviewer was
consulted.

Data extraction

The following data was extracted from the included papers: name of first author, study design,
comparison groups, number of patients, age, body mass index (BMI), smoking history, treatment
protocol, and mean forced expiratory volume in one second/ forced vital capacity (FEV,/FVC). Outcomes
extracted included HDL, LDL, total cholesterol, and triglyceride levels. Two reviewers extracted the data
and a third reviewer was consulted to adjudicate any disagreements.

Quality assessment

The method of Hayden et al. was used to evaluate the quality of the included studies[19]. Thissmethod
evaluates six potential sources of bias which are related to study participation, study attrition,
prognostic factor measurement, confounding measurement and account, outcome measurement, and
analysis. The quality of the studies was appraised by two reviewers. Any disagreements were resolved
by a third reviewer.

Statistical analysis

The main outcomes of the study were the association of asthma with lipid profile (i.e., HDL, LDL, total
cholesterol, and triglyceride levels). Data were summarized as meanztstandard deviations (SD) or mean
with P value by group for each study. For studies reporting multiple asthma groups and/or control,
asthma data were combined into two comparison groups. Prior.to the pooled analysis, all data regarding
lipid profiles were transformed to mean + SD and whereinecessary converted to the same units (mg/dL).
The measure of effect size was defined as difference in means with 95% confidence interval (95% Cl) and
P value between asthma and control groups.

Study heterogeneity was evaluated using ax’-based Cochran’s Q statistic and I>. For the Q statistic, P
values <.10 were considered statistically significant.for heterogeneity. For the I” statistic, heterogeneity
was assessed as follows: no heterogeneity (I? =0< 25%), moderate heterogeneity (1> =25 - 50%), large
heterogeneity (I* = 50 - 75%), and extteme heterogeneity (I>= 75 - 100%). DerSimonian—Laird random-
effects model[20]was performedstoicalculate pooled estimates of difference in means among the
studies. A two-sided P value of <.05 was considered significant. Moreover, to identify whether any
covariates affected the effect.size, ameta-regression analysis was applied for continuous covariates
(mean age, mean BMI,/and percent males) and subgroup meta-analysis for categorical covariates
(regions and adultsws. nen-adults). Sensitivity analysis was conducted using a leave-one-out approach.
Publication bias was assessed by funnel plots, and the asymmetry of funnel plots was evaluated by
Egger’s test with one-tailed P-value. All statistical analyses were performed using the statistical software
Comprehensive Meta-Analysis, version 2.0 (Biostat, Englewood, NJ).

RESULTS

Search results

The literature search identified 397 potential studies of which 369 were excluded after the initial screen
for not being relevant (Figure 1). Thirty studies underwent full-text review, and 10 were eliminated for
not presenting outcomes of interest, not having relevant objectives, being non-English, not presenting
outcomes quantitatively, being a review, did not recruit patients with asthma, or asthma patients had
other comorbid diseases.
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Twenty studies were included in the analysis [17, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39], of which three were prospective, nine were case-control, seven were cross-sectional,
and one retrospective in design (Table 1). A total of 32,604 patients were included; 3,458 in the asthma
group (range, 24 to 1,123) and 29,146 in the control group (range, 20 to 15,418). The mean age ranged
from 6.5 to 50.5 years old, overall about half the patients were male (range, 36.9% to 84.0%), and the
mean BMI ranged from 16.1to 28.2kg/m’. The percent of patients who smoked ranged from 0% to
63.8% and those exposed to passive smoking ranged from 0% to 58.1%. Mean FEV,/FVC across the
studies ranged from 71 to 84.7.

The lipid profiles for the asthma and control groups are summarized in Table 2. Eighteen studies
reported data for HDL, 16 studies presented data for LDL, 17 studies reported results for total
cholesterol, and 15 reported data for triglycerides.

Meta-analysis

Heterogeneity of the data was observed for all the lipid profile outcomes (HDL: Q-value=146.13, df=17,
P<.001, 1’=88.37%; LDL: Q-value=114.29, df=15, P<.001, I’=86.88%; total cholesterol::Q-value=104.37,
df=16, P<.001, 1’=84.67%; triglyceride: Q-value=41.88, df=14. P<.001, 1°=66(57%) (Figure 2). The pooled
analysis found a significantly difference between asthma and control groups for'LDL and total
cholesterol. The pooled analysis found that the mean difference between groups was significantly higher
in the asthma group for the levels of LDL (6.026mg/dL, 95%Cl=2.696 te 9.356, P<.001) and total
cholesterol (8.161 mg/dL, 95%Cl=3.006 to 13.316, P=0.002) compared with control group (Figure 2B and
2C). No association was observed between asthma and control groups for levels of HDL (mean
difference, -0.728, 95%Cl=-3.146 to 1.691, P=0.555) or triglycerides mean difference, 1.436, 95%Cl=-
2.768 to 5.640, P=0.503) (Figure 2A and 2D).

Meta-regression analysis found the effect size of HDL and LDL were affected by age; levels
decreased increasing mean age (P values<.0003, respectively). In contrast, the effect size of TG rose with
greater mean age and mean BMI (P valués £0.0398). The effect size of HDL, LDL, and TC increased with
increase percentage of males (P values <.0001) (Supplemental Material, Table S1).

The subgroup analysis found.that theseffect size of TG significantly differed by geographical regions
and between adults versus. non-adults (P value <0.0399) (Supplemental Material, Table S2). Subgroup
meta-analysis for regions and.adults'was also performed separately (Supplemental Material, Tables S3
and S4). The combined/effect for geographic regions significantly differed between the control and
asthma groups withrin HDL for India (diff in means=-6.20, P=0.002), LDL for Asia, Europe, and India (diff
in means=11.58, 11.98,/10.24; P values <0.032), TC for Asia and India (diff in means=7.72, 21.68; P-
values £0.012), andiTG for India and US (diff in means=13.16 and -2.016; P values <.001). For adults, the
combined effect significantly differed between control and asthma in LDL, TC, and TG for adults (diff in
means=8.177, 10.897, and 7.092, respectively; P values <0.036,). The combined effect in LDL also
significantly differed for non-adults (diff in means=5.067, P=0.003). (Table S4)

Sensitivity analysis

Sensitivity analyses were performed for all the outcomes using a leave-one-out approach (Figure 3). The
direction and magnitude of the combined estimates for the four outcomes did not markedly differ with
the removal of any one study, indicating that the meta-analysis had good reliability and that the data
was not overly influenced by any given study.
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Publication bias analysis

Publication bias was assessed by funnel plots with Egger’s test (Figure 4). Results of testing asymmetry
of funnel plots revealed that publication bias might exist LDL findings (t = 3.06, df = 15, P =.004), but not
the other outcomes.

Quality assessment

Overall, little bias was observed across the studies (Figure 5). High risk of bias for outcome measurement
and confounding measurement and account were present in three [25, 28, 35] and six [22, 24, 26, 27, 31,
38], respectively. Overall the studies were moderate to high in quality.

Discussion

Several studies have indicated an association of asthma with metabolic syndrome. It.iSicurrently unclear
if all or only a subset of risk factors for metabolic syndrome may impact asthma. The \purpose of this
study was to evaluate if blood lipid levels were associated with the presence of asthma. The pooled
analysis found that higher levels of LDL and total cholesterol were associatéd with-asthma, but no
apparent association was observed for HDL and triglycerides.

A recent meta-analysis also assessed the association between asthma and serum levels of LDL and
HDL [40]. Ten studies were included in the analysis. The analysis was subdivided by age and separately
evaluated children (<18 years of age) and adults (218 years of'age). They found that children with
asthma had lower HDL levels (weighted mean difference, -3:44; P=.005) compared with non-asthma
controls. They saw no difference between children with"and without asthma with respect to LDL levels
(weighted mean difference, 0.71; P=.82). However, the study found that in adults, higher LDL levels
were associated with asthma (weight mean difference, 8.95; P=.001) and there was no difference
between the asthma and non-asthma groups with respect to HDL levels (-2.01; P=.15). Our findings are
consistent with those observed in adults, but'not children. The difference between our study and the
prior meta-analysis may reflect differences in the studies included and that our population consisted of
both children and adults; we did'hot perform subgroup analysis by age group.

A number of other factors'fmay impact levels of the blood lipids and hence, their association with
asthma, including gender, race;lifestyle, diet, BMI, smoking, and disease severity [5, 6]. However,
several studies havesindicated that the association of blood lipid profile with asthma is independent of
BM, age, sex, socioeconomic status, and serum high-sensitivity C-reactive protein [33, 39, 41]. The
different blood lipids may also be associated with specific characteristics of asthma. Vinding et al. (2016)
investigated whether lipid profile was associated with concurrent asthma, altered lung function, and
allergic sensitization in children [41]. They found that high levels of LDL were associated with concurrent
asthma (P=.03) and airway obstruction (P=.01) and specific airway resistance (P=.05). In the study of
Vinding et al., high levels of HDL were associated with improved specific airway resistance, reduced
bronchial hyperresponsiveness, and lower risk of aeroallergen sensitization (P values <.05). They also
found that high triglyceride levels were associated with aeroallergen sensitization (P=.02) and a trend of
increase exhaled nitric oxide (FeNO) (P=.08).

The type of LDL present may also impact the relationship with asthma. Scichilone et al. (2013)
evaluated whether LDL subclasses were associated with the occurrence and severity of asthma [36]. Low
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density lipoproteins can be divided into seven subclasses based on density of size as determined by
ultracentrifugation, and each class’s influence on inflammation differ [17, 42]. Scichilone et al. found
that in mild asthmatics, LDLs with low inflammatory activity (LDL-1 and LDL-2) are lower in persons with
asthma than in healthy subjects [36]. In contrast, LDLs with the most proinflammatory activity (LDL-3
and LDL-4) are higher in asthmatic subjects compared with non-asthmatic subjects. LDL-3 was also
found to be negatively associated with lung function, suggesting a contribution of LDL-3 to inflammatory
changes in the airways [6, 36].

The relationship of LDL and triglycerides with asthma has led to the idea of the use of statins in
reducing asthma symptoms [6]. This idea is supported by a systematic review that evaluated whether
statins showed benefit in treating asthma [43]. The systematic review did not find evidence that statins
would improve lung function in subjects with asthma, but did find they may reduce airway inflammation.
The systematic review did not evaluate different types of statins which are known to have different
therapeutic effects [43].

The current study has several limitations. The analysis did not stratify by disease severity. In addition,
the methods for assessing serum lipids varied across the studies, which may have'confounded the
results. Moreover, the findings for LDL may be confounded by the presence of publication bias.

In conclusion, this meta-analysis found a significant association between asthma and the serum
levels of LDL and total cholesterol. Additional well-designed studies are required to further evaluate the
roles of blood lipids, including subclasses of LDLs, in asthma_ and toiunderstand the potential underlying
mechanism on the impact of blood lipids on the development and“progression of asthma.
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Table 1.Summary of basic characteristics of selected studies for meta-analysis.

Other medication

FEV1/FVC such as lipid-

modifying
medications or
corticosteroids

Study name Study design Region of ~ Comparison Number Patients’ Mean Male Mean Smoking Passive Treatment Mean
1* AU (year) study Groups of population age (%) BMI (kg/m’) (%) smoking protocol
(State) patients (yr) (%)
Barochia (2015) Cross- United Asthma 159 Adult 375 37.1% 28.2 71
sectional states (US)
Control 154 32.2 40.9% 25.6 84.5
Rastogi (2015) Cross- United Asthma 84 Adolescence 15.7 52.4% 27.7 56.1% Inhaled steroids - 79.6
sectional states (US) 25%
Leukotriene
antagonists ©
24.2%
Long-acting B-
agonists +inhaled
corticosteroid
combination -
11.9%
Control 84 16.3 36.9% 26.7 17.9% 84.7
Vinding(2015) Prospective  Denmark Asthma 43 Children 6.5 50.7% 16.1 36.7% inhaled beta 2-
(Europe) agonist; inhaled
corticosteroids
Control 253
Yiallouros (2014) Case-control Cyprus Asthma 191 Childhood  17.0 42.9% z-score=0.32 28.8% 58.1%
(Middle and for active
east) Adolescence asthmatics
z-score=0.25
for current
wheezers
only
Control 660 17.0 43.0% z-score=0.37 13.8% 46.4%
Acay (2013) Case-control  Turkey Asthma 80 Adult 50.5 65.0% 63.8% 0.0% 72.8
(Middle
east)
Control 20 44.3 84.0% 0.0%
Chen (2013) Cross- Taiwan Asthma 237 Children 12.8 68.8% 20.1 39.2%
sectional (Asia)
Control 225 13.6 47.5% 20.5 58.2%
Scichilone (2013) Case-control Italy Asthma 24 Adult 49.0 45.8% 25.0 38.0% 74
(Europe)
Control 24 50.0 45.8% 26.0 42.0%
Ramaraju (2013) Case-control India (India) Asthma 40 Adult 31.8 53.1% 23.5 0.0% Steroidnaive, or on
inhaled steroid
doses not
exceeding 400 ug
of budesonide or
equivalent per day
Control 40 29.9 46.9% 24.8 0.0%
Yiallouros (2011) Prospective  Cyprus Asthma 191 Children 11.4 44.6% 19.0 11.4% 52.4%
(Middle
east)
Control 3791

Corticosteroids

corticosteroids:46
(19%)
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Del-Rio-Navarro Cross-

(2010) sectional

Fessler (2009) Cross-
sectional

Cakmak (2009)  Prospective

Case-control

Gulcan (2009)

Al-Shawwa
(2006)

Retrospective

Ekmekci (2006)  Case-control

Ford (2004) Cross-

sectional

Schafer(2003) Nested case-
control
Picado (1999) Case-control
Mishra (1996) Cohort
Yagupsky (1992) Cross-
sectional

Mexico
(Latin)

United
states (US)

Turkey
(Middle
east)

Turkey
(Middle
east)

Midwestern
United
States (US)

Turkey
(Middle
east)

United
states (US)

Germany
(Europe)

Spain
(Europe)

India (India)

Israel
(Middle
east)

Asthma

Control

Asthma

Control

Asthma

Control

Asthma

Control

Asthma

Control
Asthma

Control
Asthma

Control
Asthma

Control

Asthma

Control
Asthma
Control
Asthma

Control

174

269
623

6382
42

32
51

40
50

138
30

28
1123

15418
120

1417
118

121
30
30
48

20

Adolescence 12.6

12.8
Adult 40.0
Children 9.0

9.4
Adult 40.3

39.5

Children and 10.8
adolescents

98
Adult 36.0
36.0
Adult 44.6
44.7
Adult 50.5
Adult 41.6
38.8
Adult 41.6
38.4

Children 7.3

7.0

49.0%

47.6%

31.3%
37.3%

37.5%
64.0%

54.3%

45.5%

47.8%

40.7%

37.2%
76.6%
73.3%
54.2%

70.0%

25.3

27.4
27.2

0.8

0.6
26.7

26.0
22.6

20.3
25.0

24.0
27.4

26.4

24.2

24.3

213% 21.4%
25.5%
22.5%
30.0%
8.7%
72
84
33.5%
27.9%

Corticosteroids
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Table 2.Summary of outcomes of selected studies for meta-analysis.

Asthma group

Control group

Study name Methods used to assess serum Whether the
1" AU (year) lipids studies utilized Total X X Total . .
fasti HDL LDL holesterol Triglyceride HDL (mg/dL) LDL holesterol Triglyceride
asting or non- cholestero mg cholestero
mg/dL mg/dL mg/dL mg/dL mg/dL
fasting serum lipid (mg/dL)  (me/dL) (mg/dL) (meg/dL) (mg/db) (mg/dL) (mg/db)
levels.
HDL, TC and TG were carried out in Fasting
fasting serum by enzymatic
immunoassay. TG and TC were
measured by direct enzymatic
. measurements, while HDL was 473+ 834+ 78.95 79.94
Rastogi (2015) ) NA 51+10.41 NA 74.56 +38.82
separately measured using two 10.98 20.83 44,31 25.98
reagent homogenous systems with
selective detergents to
homogenize the lipoprotein of
interest
X NA NA 1914 + 108 101.09 175.02 ¢ 101.66 *
Barochia (2015) 53.8+17.1 112.3+32 48.64 £16.81
35.7 14.167 +30.3 35.05 13.77
o Cobas Integra 400 nonfasting 59.07 + 86.87 83.34 79.54 £
Vinding (2015) NA 60.62 £ 12.36 NA 80.07
11.58 16.22 (p=0.630) 21.62
. ILab 600 analyzer using ILab 12 hours of fasting 58.32 95.51+ 167.38+ 68.45+ 92.2+
Yiallouros (2014) ) 59.7+125 165.7 £ 28.7 69.3 +37
chemistry systems 12.09 27.47 30.32 27.82 25.3
NA 12-14 hours of 52.09 = 122.16+ 189.9% 116.59 + 137.84 146.74
Acay (2013) A 42.84+9.48 210 +53.44
fasting 10.15 36.28 41.26 50.38 +40.07 89.33
TG, LDL, and HDLwere measured 8 hours of 54.05 + 92.66.& 16216 ¢ 79.65 + 81.08+ 154.44 +
Chen (2013) ] ) , 54.05 +11.58 79.65 +44.25
by a biochemistry analyzer. fasting 11.58 27.03 27.03 44.25 23.17 27.03
i TCwas estimated by enzymatic 8-10 hours of 176.45 163.33
Ramaraju (2013) K NA NA NA NA NA NA
method. fasting 30.77 26.38
Scichilone (2013) LipoPrint? System fasting 50£13  108+25 184+31 119%62 53113 79+22 151428  95+38
TC and TG were estimated by 12 hours of fasting
§ enzymatic method and HDL was 164.6 + 919+
Yiallouros (2011) ) 57.5+12.6 93.1+22.4 713+33.6 59.9+124 165.6 +29.6 69.3 +36.7
measured with a non- 26.6 25.5
immunological enzymatic reaction.
Del-Rio-Navarro TC, TG, and HDL was determined 12 hours of fasting 45.65 + 169.25 + 123.96 + 167.07 +
. K NA 46.61 + 15.55 NA 137.9+87.01
(2010) by the photocolorimetric method. 15.93 34.68 71.27 47.41
For TC, coupled enzymatic LDL: 8.5 hours of
reactions were used. HDL fasting
. 545+ 188.5+ 1922+
Fessler (2009) measurement was by the T€ and HDL:fasting 2246 NA 3494 NA 54.5+23.97 NA 5592 NA
Roche/Boehringer-Mannheim and nonfasting ’ ' ’
Diagnostics direct HDL method.
Automated chemistry Fasting overnight 90.2 +
Cakmak (2009) ] \ ¢ 40.1+9.2 85.2+26.4150.7+27 1143+59.3 54.5+159 153.8+24.7 117.9+31.9
analyserusing commercial kits: 17.2
12 hours of fasting 104
Gulcan (2009) NA 43+8 121+36 191+43 130+ 69 48 +10 30 177 £37 130+ 72
Al-Shawwa NA NA 176.7 £
NA NA NA NA NA 162.9+12.8 NA
(2006) 39.8
TCand TG were measured by an Fasting overnight
enzymatic, colorimetric, end-point
X 120+ 108 £ 116 + 188 +
Ekmekci (2006) assay. HDL was measured by the 50 +82.16 194 + 216 49 +42.33 109 + 328.073
L ) 147.89 251.952 158.75 216.95
phosphotungstic acid—-magnesium
chloride precipitation method.
TC and HDL were measured Fasting overnight
) ) ] ) 50.07 £ 153.62 + 153.28
Ford (2004) enzymatically with a Hitachi 704 NA NA 50.58 + 47.01 NA NA
23.17 2.87 +0.77
analyzer.
Schafer (2003) ~ TC and HDLwere measured 55.7 142.2 230.1 NA 55 137.8 2273 NA
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Picado (1999)

Mishra (1996)

Yagupsky (1992)

byCHODPAP method. (p=0.270) (p=0.290) (p=0.540)
NA 12 hours of fasting 137+ 214 + 132+

60 +76.37 80+195.53 59*165 208 +473 77 £ 165
173.95 510.55 418
NA 12884+ 2246+ 118.6 +
46.68+7.7 119.3+16.6 52.88+7.8 194.2+24.8 106.14+12.1
14.68 26.42 18.22
TG was determined by the 12 hours of fasting
enzymatic- colorimetric method.
. X 78.09 = 153.48 + 70.27+ 13552+
TC and lipoprotein cholesterol 4495 +2.6 70.03 £5.38 36.29+2.32 74.34 £ 8.85
4.56 9.67 3.86 5.79

contents were determined by the
enzymatic-colorimetric method.

Data were representedasmeanSD except for mean with p-value for TG of Vinding (2015) study, and
lipid profiles of Schafer (2003) study.

HDL, high-density lipoprotein, LDL, low-density lipoprotein, TC, total cholesterol, TG, triglyceride.
NA, not assessed.
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Figure legends

Figure 1. Flow diagram of study selection

Figure 2. Meta-analysis for association between asthma and (A) high-density lipoproteins (HDL), (B) low-
density lipoproteins (LDL), (C) total cholesterol, and (D) triglycerides. Abbreviations: Diff, difference;
95%Cl, 95% confidence intervals.

Figure 3. Leave-one-out sensitivity-analysis for association between asthma and (A) high-density
lipoproteins (HDL), (B) low-density lipoproteins (LDL), (C) total cholesterol, and (D) triglycerides.
Abbreviations: Diff, difference; 95% Cl, 95% confidence intervals.

Figure 4. Funnel plot for publication bias of (A) high-density lipoproteins (HDL), (B) low-density
lipoproteins (LDL), (C) total cholesterol, and (D) triglycerides. The Egger’s test was shown as (A) t=1.55,
1-tailed P=0.070; (B) t=3.06, 1-tailed P=0.004; (C) t=0.85, 1-tailed P=0.205, and (D) t=0.31; 1-tailed
P=0.380.

Figure 5. Quality Assessment
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Figure 1

Records identified through database
search and screened for relevance
(n=397)

A

A 4

Full-text articles assessed for eligibility
(n=30)

Not relevant studies excluded

(n=369)

v

Studies excluded (n = 10)

¢ Different outcome presentation as we expected

2
Studies included in meta-analysis @
(n=20) * Different objectives as we requested (1)

* Non-English articles (1)

* No interesting outcome (1)

* Review (1)

* No patients without asthma were recruit (2)

* Patients with asthma mixed with other types of

diseases (2)
(A)
Study name Diff in Std L?w.er U-pp_er Zovatue Cpvalue Diff in means and 95%CTl. Relz.mve
1st authour (year) means  error limit limit weight
Rastogi (2015) -3.700 1.651 -6.936 -0.464 -2.241 0.025 6.29
Barochia (2015) 5160 1917 1402 8.918 2,691  0.007 5 6.05
Vinding (2015) -1.550 2.021 -5.511 2.411 -0.767 0.443 5.96
Yiallouros (2014) -1.380 1.020 -3.378 0.618 -1.353 0.176 6.76
Acay (2013) 9250  2.506 4339 14161 3.691) % 0.000 - 5.49
Chen (2013) 0.000 1.078 -2.113 2113 0.000 1.000 6.73
Scichilone (2013) -3.000 3.753 -10.355 4.355 -0.799 0.424 4.28
Yiallouros (2011) -2.400 0.920 -4.204 -0.596 -2.608 0.009 6.82
Del-Rio-Navarro (2010) -0.960 1.527 -3.954 2.034 -0.629 0.530 6.40
Fessler (2009) 0.000 1.001 -1961 1.961 0.000 1.000 6.77
Cakmak (2009) -14.400 2941 <20.163 -8.637 -4.897 0.000 —— 5.06
Gulcan (2009) -5.000  1.886 -8.697 -1.303 -2.651 0.008 L = 6.08
Ekmekei (2006) 1.000 17.350" =33.005 35.005 0.058 0.954 0.47
Ford (2004) -0.510 1.466 -3.382 2.362 -0.348 0.728 6.45
Schafer (2003) 0.700 0.634 -0.543 1.943 1.103 0.270 6.96
Picado (1999) 1.000 16.702°7°-31.734 33.734 0.060 0.952 0.51
Mishra (1996) -6.200 2.001 -10.122 -2.278 -3.098 0.002 - 5.98
Yagupsky (1992) 8.660 0.671 7.344 9.976 12.899 0.000 | 6.95
Combined effect -0.728 1.234 -3.146 1.691 -0.590 0.555
-50 25 0 25 50
Control group Asthma group

Heterogeneity test: Q-value= 146.13, df=17 p-value<.001

, I-squared value=88.37%
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(B)

Study name Diff in Std L?w‘er U-pp_er Z-value  p-value Diff in means and 95%CI. Relz.\tive
1st authour (year) means error limit limit weight
Rastogi (2015) 3460 3.633  -3.661 10.581 0952 0341 - 7.25
Barochia (2015) 11.210  3.525 4.302 18.118 3.180 0.001 —i— 7.40
Vinding (2015) 7.330 3.453 0.562 14.098 2,123 0.034 —il— 7.49
Yiallouros (2014) 3.310 2.120 -0.845 7.465 1.561 0.118 HIll- 9.28
Acay (2013) -15.680  9.261 -33.832 2.472 -1.693 0.090 = 2.57
Chen (2013) 11.580 2.348 6.978 16.182 4.932 0.000 - 8.99
Scichilone (2013) 29.000  6.798 15.677 42.323 4.266 0.000 —— 3.96
Yiallouros (2011) 1.200 1.881 -2.486 4.886 0.638 0.523 E o 9.57
Cakmak (2009) -5.000 5373 -15.530 5.530 -0.931 0.352 - 5.20
Gulcan (2009) 17.000  7.076 3.131 30.869 2.402 0.016 —— 3.76
Ekmekei (2006) 4.000 40.262 -74.912 82.912 0.099 0.921 L 0.18
Ford (2004) 0.340 0.034 0.274 0.406 10.102 0.000 [ ] 10.85
Schafer (2003) 4.400 4.157 -3.747 12.547 1.058 0.290 -+ 6.58
Picado (1999) 5.000  41.604  -76.543 86.543 0.120 0.904 = 0.16
Mishra (1996) 10.240 4.272 1.867 18.613 2397 0.017 —i— 6.43
Yagupsky (1992) 7.820 1.163 5.540 10.100 6.724 0.000 | ] 10.32
Combined effect 6.026 1.699 2.696 9.356 3.547 0.000 <> .

-50 225 0 25 50

Control group Asthma group

Heterogeneity test: Q-value=114.29 df=15 p-value<.001 , I-squared value=86.88%
©
Study name Diff in Std L?w.er U-pp_er Zvalue  p-value Diff in mMeans and95%CI. Relz.\tive
1st authour (year) means error limit limit weight
Barochia (2015) 16.380 4.000 8.540 24.220 4.095 0.000 —m— 7.28
Yiallouros (2014) 1.680 2.389 -3.001 6.361 0.703 0.482 —L— 8.17
Acay (2013) -20.100 10972 -41.604 1.404 -1.832 0.067 = 3.47
Chen (2013) 7.720 2.516 2.789 12.651 3.068 0.002 - 8.11
Ramaraju (2013) 13.120  6.408 0.560 25.680 2.047 0.041 - 5.76
Scichilone (2013) 33.000 8.527 16.288 49.712 3.870 0.000 L 4.56
Yiallouros (2011) -1.000  2.185 -5.282 3.282 -0.458 0.647 : 8.26
Del-Rio-Navarro (2010) 2.180 4.171 -5.994 10.354 0.523 0.601 7.18
Fessler (2009) -3.700  2.283 -8.174 0.774 -1.621 0.105 - 8.21
Cakmak (2009) -3.100 6.109 -15.073 8.873 -0.507 0.612 —— 5.95
Gulcan (2009) 14.000  8.550 -2.757 30.757 1.637 0.102 ot 4.55
Al-Shawwa (2006) 13.800 3.829 6.296 21.304 3.604 0.000 —— 7.39
Ekmekci (2006) 6.000 56879 -105480 117.480 0.105 0916 = 0.21
Schafer (2003) 2.800  4.568 -6.153 11.753 06135, 0.540 — 6.93
Picado (1999) 6.000  63.641 -118.734  130.734 0.094 0.925 L 0.17
Mishra (1996) 30400  6.616 17.433 43367 4.595 0.000 — 5.63
Yagupsky (1992) 17.960  2.324 13.405 22.515 7.728 0.000 - 8.20
Combined effect 8.161 2.630 3.006 13316 3.103 0.002 -

-50 -25 0 25 50

Control group Asthma group

Heterogeneity test: Q-value=104.37, df=16 p-value<.00l, I-squared value=84.67%
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(D)

Study name Diff in Std L?w‘er U-pp_er Z-value  p-value Diff in means and 95%CI. Relz.\tive
1st authour (year) means error limit limit weight
Rastogi (2015) 4390  6.428 -8.208 16.988 0.683 0.495 6.48
Barochia (2015) 6.340 1.580 3.244 9.436 4.013 0.000 B 14.30
Vinding (2015) 3.270 6.781 -10.020 16.560 0.482 0.630 6.08
Yiallouros (2014) -0.850 2.888 -6.511 4.811 -0.294 0.769 12.10
Acay (2013) -30.150 14986  -59.522 -0.778 <2012 0.044 1.81
Chen (2013) 0.000 4.119 -8.073 8.073 0.000 1.000 —+— 9.86
Scichilone (2013) 24,000  14.844  -5.093 53.093 1.617 0.106 = 1.84
Yiallouros (2011) 2.000 2.711 -3.314 7.314 0.738 0.461 —h— 12.43
Del-Rio-Navarro (2010) -13.940  7.900  -29.423 1.543 -1.765 0.078 = 5.00
Cakmak (2009) -3.600 11592 -26.320 19.120 -0.311 0.756 - 2.80
Gulcan (2009) 0.000 14854 -29.114 29.114 0.000 1.000 L g 1.84
Ekmekci (2006) -1.000  76.505 -150.947  148.947 -0.013 0.990 0.08
Picado (1999) 3.000 23.381 -42.826 48.826 0.128 0.898 L 0.80
Mishra (1996) 13.160  3.750 5.809 20.511 3.509  0.000 —— 10.52
Yagupsky (1992) -4.310 1.748 -1.737 -0.883 -2.465 0.014 . 3 14.06
Combined effect 1.436 2.145 -2.768 5.640 0.670 0.503 ’
-50 25 0 25 50
Control group Asthma group,
Heterogeneity test: Q-value=41.88, df=14 p-value<.001, I-squared value=66.57%
(A)
Staitistics with study removed

Removed study name Diff in Lower Upper Z-value p-value Ditfin means and 95%CI.
1st authour (year) means limit limit with study removed
Rastogi (2015) -0.529 -3.032 1.974 -0.414 0.679
Barochia (2015) -1.109 -3.619 1.401 -0.866 0.386
Vinding (2015) -0.679 -3.200 1.841 -0.528 0.597
Yiallouros (2014) -0.693 -3.287 1.901 -0.524 0:600
Acay (2013) -1.300 -3.757 1.156 -1.038 0.299
Chen (2013) -0.794 -3.405 1.816 -0.597% 0551
Scichilone (2013) -0.627 -3.107 1.853 -0.496 0:620
Yiallouros (2011) -0.615 -3.182 1.953 -0.469 0.639
Del-Rio-Navarro (2010) -0.719 -3.267 1.829 -0.553 0.580
Fessler (2009) -0.797 -3.423 1.830 -0.595 0.552
Cakmak (2009) 0.004 -2.347 2.356 0.004 0.997
Gulcan (2009) -0.449 -2.928 2.031 =0:355 0.723
Ekmekei (2006) -0.737 -3.166 1.693 -0.594 0.552
Ford (2004) -0.751 -3.307 1.806 -0.575 0.565
Schafer (2003) -0.868 -3.666 1.930 -0.608 0.543
Picado (1999) -0.737 -30167 1.693 -0.595 0.552
Mishra (1996) -0.375 -2.834 2.084 -0.299 0.765
Yagupsky (1992) -1.306 =2.914 0.302 -1.592 0.111
Combined effect -0.728 -3.146 1.691 -0.590 0.555

-50 -25 0 25 50

Control group

Asthma group
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(B)

Removed study name

Staitistics with study removed

Diff in

Lower

Upper

Diff in means and 95%CI.

1st authour (year) means limit limit Z-value p-value with study removed
Rastogi (2015) 6.240 2.726 9.755 3.480 0.001 . 3
Barochia (2015) 5.599 2.196 9.002 3.224 0.001 By
Vinding (2015) 5.925 2.444 9.405 3.336 0.001 »
Yiallouros (2014) 6.334 2.686 9.982 3.403 0.001 r
Acay (2013) 6.590 3.234 9.946 3.849 0.000 0
Chen (2013) 5.422 2.109 8.734 3.208 0.001 .
Scichilone (2013) 5.086 1.898 8.274 3.127 0.002 1
Yiallouros (2011) 6.573 2.845 10.300 3.456 0.001 IF
Cakmak (2009) 6.640 3.195 10.084 3.778 0.000 . 3
Gulcan (2009) 5.592 2243 8.942 3.272 0.001 It
Ekmekci (2006) 6.032 2.687 9.378 3.534 0.000 L 3
Ford (2004) 6.683 3.491 9.874 4.104 0.000 B
Schafer (2003) 6.150 2,664 9.637 3.457 0.001 Lt
Picado (1999) 6.031 2.685 9.376 3.533 0.000 T
Mishra (1996) 5.732 2.309 9.156 3.282 0.001 : 3
Yagupsky (1992) 5.813 2317 9.309 3.259 0.001 i
Combined effect 6.026 2.696 9.356 3.547 0.000 <
-50 -25 0 25 50
Control group Asthma group
© _
Staitistics with study removed
Removed study name Diff in Lower Upper Zvalue Noiue Diff in means and 95%CI.
1st authour (year) means limit limit with study removed
Barochia (2015) 7.512 2.180 12.844 2.761 0.006 - =
Yiallouros (2014) 8.770 3.098 14.443 3.030 0.002 -
Acay (2013) 9.142 3.992 14.292 3.479 0.001 -+
Chen (2013) 8.250 2.530 13.970 2.827 0.005 -/
Ramaraju (2013) 7.864 2.509 13.220 2.878 0.004 -
Scichilone (2013) 6.974 1.896 12.052 2.692 0.007 - -
Yiallouros (2011) 8.998 3.491 14.506 3202 0.001 —-
Del-Rio-Navarro (2010) 8.643 3.166 14.119 3.093 0.002 —-
Fessler (2009) 9.207 3.989 14.426 3.458 0.001 —-
Cakmak (2009) 8.879 3.537 14.221 3.257 0.001 —i-
Gulean (2009) 7.887 20579 137195 2912 0.004 -
Al-Shawwa (2006) 7.722 2.306 13.138 2.794 0.005 -
Ekmekei (2006) 8.170 2.985 13354 3.089 0.002 -
Schafer (2003) 8.578 3420 14.036 3.080 0.002 -
Picado (1999) 8u169 2,986 13.352 3.089 0.002 -
Mishra (1996) 6.815 1.786 11.844 2.656 0.008 -
Yagupsky (1992) 7.156 2257 12.056 2.863 0.004 -
Combined effect 8.161 3.006 13316  3.103 0.002 -
-50 -25 0 25 50
— D —————_—
Control group Asthma group
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(D)

Staitistics with study removed

Removed study name Diff in Lower Upper Zo-value value Diff in means and 95%CI.
1st authour (year) means limit limit P with study removed
Rastogi (2015) 1.206 -3.233 5.645 0.533 0.594
Barochia (2015) 0.630 -3.775 5.035 0.280 0.779
Vinding (2015) 1.293 -3.138 5.724 0.572 0.567
Yiallouros (2014) 1.682 -3.041 6.405 0.698 0.485
Acay (2013) 2.019 -2.041 6.080 0.975 0.330
Chen (2013) 1.554 -3.034 6.141 0.664 0.507
Scichilone (2013) 1.036 -3.151 5.222 0.485 0.628
Yiallouros (2011) 1.274 -3.541 6.089 0.519 0.604
Del-Rio-Navarro (2010) 2.249 -1.929 6.427 1.055 0.291
Cakmak (2009) 1.571 -2.747 5.890 0.713 0.476
Gulcan (2009) 1.450 -2.852 5.751 0.660 0.509
Ekmekci (2006) 1.426 -2.829 5.682 0.657 0.511
Picado (1999) 1.410 -2.864 5.685 0.647 0.518
Mishra (1996) 0.156 -3.892 4.205 0.076 0.940
Yagupsky (1992) 2.651 -1.317 6.619 1.309 0.190
Combined effect 1.436 -2.768 5.640 0.670 0.503
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