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Abstract 37 

Introduction Prior studies investigating the effect of socio-economic status (SES) on asthma 38 

healthcare outcomes have been heterogeneous in their populations studied and methodologies 39 

employed. 40 

 41 

Objectives: To systematically synthesize evidence investigating the impact of SES on asthma 42 

healthcare utilization, exacerbations and mortality. 43 

 44 

Methods We searched Embase, Medline and Web of Science for studies reporting differences 45 

in primary care attendance, exacerbations, emergency department (ED) attendance, 46 

hospitalization, ventilation / intubation, readmission and asthma mortality by SES. Study 47 

quality was assessed using the Newcastle Ottawa Scale and meta-analyses conducted using 48 

random-effects models. We conducted several pre-specified subgroup analyses, including by 49 

healthcare system (insurance-based vs. universal government funded) and time-period (pre-50 

2010 vs. post-2010). 51 

 52 

Results 61 studies, comprising 1,145,704 patients, were included. Lower SES was consistently 53 

associated with increased secondary healthcare utilization including ED attendance (OR: 1.61; 54 

95%CI: 1.40-1.84), hospitalization (OR: 1.63; 95%CI 1.34-1.99) and readmission (OR: 1.31; 55 

95%CI 1.19-1.44). Substantial associations were also found between SES and ventilation / 56 

intubation (OR: 1.76; 95%CI: 1.13-2.73) although there was no association with primary care 57 

attendances (OR: 0.79; 95%CI: 0.51-1.24). We found evidence of borderline significance for 58 

increased exacerbations (OR: 1.18; 95%CI: 0.98-1.42) and mortality (OR: 1.12; 95%CI: 0.92-59 

1.37) among more deprived groups. There was no convincing evidence that disparities were 60 
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associated with country-level healthcare funding models, or that disparities have narrowed over 61 

time. 62 

 63 

Conclusions Patients with a lower SES have substantially increased secondary care healthcare 64 

utilization.  We found evidence suggestive of increased exacerbations and mortality risk 65 

although confidence intervals were wide. These disparities have been consistently reported 66 

worldwide, including within countries offering universally funded healthcare systems.  67 

 68 

Systematic review registration number CRD42020173544. 69 
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Capsule summary: Patients from lower socioeconomic backgrounds have substantially 70 

increased secondary healthcare utilization. It is unclear to what extent this is driven by an 71 

increased risk of exacerbations or the funding model of their local healthcare system. 72 

 73 

Key Messages: 74 

 Patients with a lower SES have substantially increased secondary healthcare utilization. 75 

 We found evidence suggestive of increased exacerbations and mortality risk although 76 

confidence intervals were wide. 77 

 These disparities have been consistently reported worldwide, including within countries 78 

offering universally funded healthcare systems. 79 

 80 

Keywords: asthma, socioeconomic status, disparities, inequalities 81 
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Abbreviations:  82 

ACT: American College Testing 83 

BMI: Body Mass Index 84 

DAG: Directed acyclic graph 85 

ED: Emergency department 86 

CI: Confidence interval 87 

COVID-19: Coronavirus disease  88 

EA: Enumeration area 89 

HMO: Health maintenance organization 90 

ICS: Inhaled corticosteroids 91 

IQR: Inter quartile range 92 

OCS: Oral corticosteroids 93 

OR: Odds ratio 94 

SES: Socio-economic status 95 

ZSDS: Zung Self-Rating Depression Scale  96 
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Introduction 97 

Asthma is a highly prevalent chronic condition affecting 3.6% of the global population [1]. It is 98 

neither curable nor preventable, with the economic burden of the disease primarily attributed 99 

to lifelong management of the condition, disease severity, emergency treatment following 100 

exacerbations, and indirect societal costs. It is estimated that the cost of asthma exceeds $80 101 

billion annually in the U.S.A [2] and $1.5 billion annually in the U.K. [3], with severe asthma 102 

patients contributing disproportionately to these costs.   Exacerbations are common in all 103 

severities of asthma [4] and are associated with short-term suffering and long-term functional 104 

decline [5]. 105 

 106 

Deprived communities are known to suffer increased morbidity across several chronic disease 107 

areas including respiratory and cardiovascular diseases [6-8]. In asthma, a broad literature has 108 

previously demonstrated poorer healthcare outcomes among deprived communities within 109 

Europe and the U.S.A. [9, 10], and investigation into the interaction between socioeconomic 110 

factors and asthma has recently been highlighted as a key research priority [11]. Several 111 

mechanisms have been proposed as potential contributors to socioeconomic disparities in 112 

asthma including higher smoking rates, poor housing conditions and less effective self-113 

management. Studies have previously linked lower socio-economic status (SES) to inadequate 114 

health literacy [12, 13], which could mediate the relationship with poor asthma outcomes through 115 

lower levels of asthma control [14], increased emergency department (ED) utilization [15], 116 

improper inhaler technique [16], and poor adherence to medications [17].  117 

 118 

Whilst several studies have previously investigated the effect of SES on asthma healthcare 119 

outcomes, these have been heterogeneous in their study populations, countries, healthcare 120 

systems and methodologies. This review systematically brings together the relevant evidence-121 
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base, providing an overview of the impact of SES on asthma healthcare utilization, 122 

exacerbations and mortality across a variety of exposures and populations. It also explores 123 

heterogeneity between studies in an effort to identify specific populations where disparities are 124 

largest, and interventions might be prioritized. 125 
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Methods 126 

2.1 Protocol and registration 127 

A detailed protocol for this review was developed in conjunction with the search strategy and 128 

subsequently registered with the International Prospective Register of Systematic Reviews 129 

(PROSPERO; www.crd.york.ac.uk/prospero/, reference CRD42020173544), prior to data 130 

extraction.  131 

2.2 Search strategy and study selection 132 

Searches were conducted in Web of Science, Embase and Medline from inception to November 133 

2019 (Figure E1). Our search included terms for asthma, those related to SES including income, 134 

poverty, education, employment status and healthcare insurance coverage. Our specific 135 

outcomes of interest were primary care attendance, exacerbations, ED attendance, 136 

hospitalization, ventilation / intubation, hospital readmission, and asthma mortality. Studies 137 

were eligible if they were reported in English language peer-reviewed journals and all 138 

participants had either self- or clinician-diagnosed asthma. We excluded ecological studies as 139 

these are open to the ecological fallacy [18]. Title and abstract screening were conducted in 140 

duplicate by two independent reviewers (CR and AA). Decisions from both reviewers were 141 

compared, with any disagreements resolved through consensus, or referred to the third 142 

independent reviewer (JB).  143 

2.3 Data extraction and quality assessment 144 

Data extraction was performed independently and in duplicate by two reviewers (CR and AA) 145 

using a bespoke data extraction form (Table E1). Data extracted included study location, data 146 

collection period and setting, sample size, and study population demographic characteristics. 147 
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Study quality was assessed using an adapted version of the Newcastle Ottawa Scale for case-148 

control, cohort and cross-sectional studies [19, 20]. Studies were scored across three domains: 149 

selection of participants, comparability, and ascertainment or assessment of the exposure and 150 

outcome. Domain scores were totaled, and each exposure-outcome pairing was awarded an 151 

overall quality rating (poor, fair, good).  152 

2.4 Data synthesis and statistical methods 153 

Crude and adjusted odds ratios (with 95% confidence intervals) were extracted from each 154 

study. Only one estimate from each study was presented in a meta-analysis to preserve 155 

statistical independence. To achieve this we applied a hierarchy of exposures: SES, insurance 156 

coverage and education/employment status. Therefore, in a study reporting differences by both 157 

SES and insurance coverage, only the SES estimate was displayed.  For all studies, estimates 158 

reflect the comparison between the highest and lowest SES group (Table E2). Our approach of 159 

combining data on multiple facets of SES, and of comparing the lowest vs. highest SES groups 160 

has been widely implemented in other reviews including of childhood inflammation, chronic 161 

kidney disease, adiposity and dental carries’ [21-24]. 162 

 163 

Meta-analyses were conducted using DerSimonian-Laird random-effects models with the 164 

statistical heterogeneity evaluated using the I2 statistic [25] and interpreted using the thresholds 165 

defined by the Cochrane Handbook [26]. Hazard ratios and relative risks were treated as odds 166 

ratios to facilitate the pooling of estimates. We conducted sensitivity analysis restricting our 167 

analysis to studies deemed good quality and investigated if any single study was having 168 

substantial influence on our pooled estimates using a ‘leave-one-out’ analysis. Additionally, 169 

we performed several pre-specified subgroup analyses to investigate heterogeneity including 170 

by specific exposure (SES, education/employment status, insurance coverage), healthcare 171 
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financing (public vs. private), patient age (pediatric vs. adult), study timeframe (pre- vs. post- 172 

2010), and data collection setting. The association between pooled effect estimates (by country) 173 

and their corresponding Gini coefficients were tested using Spearman’s rank correlation for 174 

studies with evidence from at least five countries. The Gini coefficient is a commonly used 175 

measure of relative inequality with a higher number representing a greater degree of income 176 

inequality [27].  Publication bias was considered for each meta-analysis with at least 10 studies 177 

[28], through visual inspection of funnel plots and the application of Egger’s tests. Data analysis 178 

was performed in STATA (version 14) [29]. 179 
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Results 180 

Our electronic search returned 8,559 records after removal of duplicates (Figure 1). Full texts 181 

were retrieved for 288 records, with 227 excluded due to not reporting a relevant 182 

outcome/exposure (n=160, 44%), including non-asthmatics (n=59, 26%), or not being 183 

published in English (n=8, 4%). This left 61 studies, comprising 1,145,704 patients, meeting 184 

the inclusion criteria. Two studies presented only narrative results [30, 31], meaning that 59 185 

studies were included in the meta-analysis.  186 

3.1 Quality assessment and small study effects 187 

Overall, 41 (35%) of the estimates extracted during the study were rated as good quality, one 188 

(1%) as fair and 75 (64%) as poor (Table E3). The primary reason for a ‘poor’ rating was lack 189 

of adjustment for at least age and sex, which occurred in all 75 of the poor-quality estimates. 190 

Within the cohort studies, we also observed potential issues with outcome ascertainment due 191 

to patient self-report (n=28, 37%), while in cross-sectional studies there was frequently a lack 192 

of detail on non-responders (n=26, 81%). In general, studies varied substantially in the level of 193 

case-mix adjustment. Of those that performed some case-mix adjustment, most (68%) adjusted 194 

for age and sex while several others accounted for additional factors including ethnicity/race 195 

(34%) or lifestyle factors (23%) (Table E4).  There was no evidence of small study effects for 196 

ED visits (p=0.698) or readmission (p=0.621), although some asymmetry was noted for 197 

hospitalizations (p=0.012) (Figures E2 to E4). 198 

3.2 Study characteristics 199 

The majority of studies were from the U.S.A. (n=40, 66%), with Canada (n=5), U.K. (n=4) and 200 

Australia (n=3) the only other countries contributing more than one study (Table 1). Single 201 

studies were included from each of Brazil, China, Colombia, France, Poland, Saudi Arabia, 202 
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South Africa, Sweden, and Thailand.  The median number of participants was 804 (IQR: 251, 203 

2919) although this ranged from 60 in a Canadian study [32], to 760,418 in a study exploring in-204 

hospital mortality within the USA [33].  The median age of study populations was 27.9 years 205 

(IQR: 7.9, 40.8), with 22 reporting on pediatric patients only. Studies were conducted in a 206 

variety of settings, with general population surveys (n=15; 25%), hospitalization records 207 

(n=14; 23%) and ED records (n=9; 15%) most common. Thirty (49%) studies reported 208 

differences by SES, 26 (43%) by employment or education, and 29 (48%) by insurance status. 209 

The most frequently reported outcomes were ED visits (n=25; 41%), hospitalization (n=22; 210 

36%), and hospital readmission (n=10; 16%). Fewer studies investigated differences in 211 

exacerbations (n=7; 11%), ventilation / intubation (n=7; 11%), mortality (n=5; 8%) and 212 

primary care attendance (n=5; 8%). 213 

 214 

3.3 The effect of SES on healthcare utilization 215 

There was no clear evidence of differences in primary care attendances among SES groups 216 

(OR: 0.79; 95% CI: 0.51, 1.24: I2=95.1%) (Table 2, Figure E5). However, lower levels of SES 217 

were consistently associated with increased asthma secondary healthcare utilization (Table 2). 218 

The odds of ED attendance were increased by 1.61 (95% CI 1.40, 1.84) among the lowest SES 219 

group when compared to the highest (Figure 2). Findings of higher ED attendances were 220 

consistent across 88% of individual studies, however substantial heterogeneity existed 221 

(I2=83.1), with the largest estimate from a Saudi-Arabian study which reported 50% of patients 222 

in the lowest SES group attended ED compared to only 7.6% in the highest SES group (OR: 223 

9.0; 95% CI: 3.0, 26) [34]. The odds of hospitalization (OR: 1.63; 95% CI: 1.34, 1.99; I2=78.4%) 224 

(Figure 3) were also elevated among the lowest SES groups, as were the odds of ventilation / 225 

intubation (OR: 1.76: 95% CI: 1.13, 2.73; I2=82.5%) (Figure E6), although there was 226 
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substantial heterogeneity between studies in both cases. Again, there was consistent evidence 227 

of higher utilization in the lowest SES groups for readmission (OR: 1.31; 95% CI: 1.19, 1.44; 228 

I2=45.3%) (Figure 4), although the magnitude of this differed between studies.  229 

 230 

3.4 The effect of SES on asthma exacerbations and mortality  231 

Fewer studies investigated the association between SES and asthma exacerbations or mortality 232 

(Table 2). There was evidence suggestive of increased exacerbation rates (OR: 1.18; 95% CI: 233 

0.98, 1.42; I2=70.8%) (Figure E7) and mortality (OR: 1.12; 95% CI: 0.92, 1.37; I2=64.2%) 234 

(Figure E8) among the lowest SES group when compared to the highest, although confidence 235 

intervals were wide. Of the studies investigating mortality, 4 (80%) reported an increased risk 236 

of death associated with lower SES, with the largest effect estimate reported by an Australian 237 

study (OR: 1.94; 95% CI: 0.70, 5.38) [35]. Conversely, one large study from the U.S.A. reported 238 

slightly reduced in-hospital mortality among patients residing in the poorest quartile of areas 239 

(OR: 0.94; 95% CI: 0.84, 1.05)[33].  240 

 241 

3.5 Sensitivity and Subgroup Analysis 242 

Our overall conclusions were unchanged in sensitivity analysis when restricted to studies 243 

deemed good quality (Table 2). The pooled estimate for hospitalizations was substantially 244 

attenuated for good quality studies (OR: 1.19; 95% CI: 1.06, 1.34: I2=0%), although a moderate 245 

attenuation was also observed for other outcomes including ED attendances and readmissions.  246 

Importantly, we found little evidence of heterogeneity among studies investigating differences 247 

in ED attendances, hospital admissions and readmissions when restricting to good quality 248 

studies despite substantial heterogeneity in the unrestricted analyses (Table 2). The finding of 249 

marginally higher exacerbations and mortality among the lowest SES group remained when 250 
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restricting to good quality studies (Table 2). Of note, none of the seven studies investigating 251 

differences in ventilation / intubation were deemed good quality. The leave-one-out analysis 252 

demonstrated that no single study had undue influence on our pooled estimate, although 253 

significantly increased exacerbations (OR: 1.24; 95% CI: 1.05, 1.46) and mortality (OR: 1.24; 254 

95% CI: 1.07, 1.44) were observed among the lowest SES group when leaving out the study 255 

with the lowest estimated effect (Table E5). 256 

 257 

There was little evidence of differential effects by exposure type, with relatively consistent 258 

pooled estimates observed when separately combining studies investigating differences in SES, 259 

employment/education and insurance status, although heterogeneity was reduced in some cases 260 

(Figures 2 to 4 & E5 to E8). There was some inconsistent evidence of a temporal reduction in 261 

SES disparities in our review, with a notable reduction observed among studies conducted post-262 

2010 compared to pre-2010 for hospitalizations (1.33 vs 1.85, p<0.001) (Table 3, Table E6). 263 

Although the estimated SES effect was slightly reduced among pediatric studies for ED visits 264 

(1.54 vs 1.69, p<0.001), it was elevated for readmissions (1.37 vs 0.99, p=0.027). 265 

 266 

Of note, there was no compelling evidence that SES disparities were elevated in countries with 267 

an insurance-based healthcare system when compared to those with a universal government 268 

funded system, although a moderate increase in disparities was observed for hospital 269 

readmissions (1.35 vs. 1.00, p=0.023) (Table 3). We were unable to assess the correlation 270 

between SES disparities and the Gini coefficient for most outcomes due to studies being set 271 

within a limited pool of countries; however, we did not find any evidence of an association for 272 

hospitalizations (rho=0.00, p=1.000) (Figure E9). 273 
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Discussion 274 

This systematic review and meta-analysis investigating the effect of SES on asthma healthcare 275 

utilization, exacerbations and mortality found that patients with a lower SES had substantially 276 

increased secondary healthcare utilization, with evidence suggestive of increased risk of 277 

exacerbations and mortality. There was substantial heterogeneity in our estimates, however this 278 

was largely negated when restricting to high-quality studies.  There was inconsistent evidence 279 

of a reduction in SES disparities over time, but notably there was no convincing evidence of a 280 

difference between countries with a universally funded healthcare system compared to those 281 

based on private insurance coverage. 282 

 283 

We did not investigate the drivers of SES disparities, however several mechanisms are possible 284 

that could lead to poorer asthma control and health outcomes among more deprived groups. 285 

Previous studies have shown poor adherence to maintenance medications among lower SES 286 

groups [36-38], which has been prospectively linked with increased asthma morbidity and health 287 

care utilization [17]. Worse living conditions among more deprived communities may also play 288 

an important role possibly due to increased aeroallergen exposure [39, 40]. Lifestyle factors also 289 

contribute to the development and severity of asthma symptoms experienced, with smoking [41] 290 

and obesity [42] more prevalent among deprived populations [43]. Our findings that wide 291 

socioeconomic disparities in secondary healthcare utilization persist despite only moderate 292 

differences in exacerbations, and no evidence of increased primary care attendances, suggests 293 

that differences in healthcare seeking behavior may be an important factor.  Others have noted 294 

an increased propensity for patients from more deprived areas to favor emergency care [44-46], 295 

which could be related to lower levels of health literacy within this patient group [47-49], or a 296 

perception of higher-quality and more accessible care within hospitals (50) However, the root of 297 

socioeconomic inequalities remains uncertain, and solutions are unlikely to be straightforward.  298 
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 299 

Few interventions aiming to improve medication adherence have been shown to be cost-300 

effective despite this being frequently suggested as a potential lever to tackle inequalities [51]. 301 

A nascent literature exploring interventions to improve health literacy has demonstrated their 302 

promise as a means to reduce disparities, however, further consideration of the costs of 303 

providing these interventions, and an exploration on their impact on healthcare outcomes is 304 

required [52]. Other issues such as poorer housing conditions are likely to require far-reaching 305 

and costly public health interventions to resolve. Recent evidence from the U.S.A. suggests 306 

that the childhood SES status of a parent had an effect on their children’s asthma outcomes 307 

independent of their current economic circumstances [53], suggesting that the time-scales 308 

required to fully address inequalities are likely to be generational. There is clearly scope and 309 

opportunity for novel interventions, with an established literature supporting the possible 310 

components of an integrated intervention, such as Episodic Future Thinking [54] and framing 311 

and commitment devices [55]. However, public health practitioners trying to improve the 312 

outcomes for people with a chronic disease like asthma must also recognize that upstream 313 

determinants such poverty and disadvantage also affect behavioral economic traits and 314 

decision-making agency. Thus “personalized prevention” must be balanced with whole 315 

population approaches to mitigate increasing inequalities [56].       316 

 317 

There was some inconsistent evidence that SES disparities may have decreased over time 318 

although understanding the causes of this is difficult due to the complex landscape of multiple 319 

intertwining public health interventions acting in each country at any time. This finding should 320 

be interpreted with caution as it is open to temporal confounding due to changes in 321 

methodology and study populations, particularly as other studies have reported widening SES 322 

disparities in mortality over time [57, 58]. It was perhaps surprising that SES disparities were 323 
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similar within the U.S.A. healthcare system, which is often criticized for entrenching inequality 324 

[59], and other countries such as the U.K. and Canada which offer universal healthcare systems 325 

to all residents regardless of ability to pay. Typically, financial barriers to accessing healthcare 326 

for chronic conditions are perceived as an obvious mechanism for worse outcomes [60, 61]. 327 

However, our findings may suggest that the provision of chronic disease management, 328 

mediated through acute healthcare contacts and the organizational integration of the healthcare 329 

system itself [62, 63], may be a more important driver of disparities [64]. It is also recognized that 330 

even in universal healthcare systems, poor engagement with healthcare systems and lack of 331 

adherence with treatment is common across lower SES groups [65], suggesting that the 332 

mechanisms for worse outcomes are not simply economic, but also incorporate the influence 333 

of social and cultural factors [64].  334 

 335 

We found that the studies included within our review took a varying approach to statistical 336 

adjustment, which made it difficult to compare their results. Some studies eschewed any 337 

adjustment which could lead to spurious SES differences driven by unmodifiable factors such 338 

as variation in age or sex. Conversely, other studies adjusted for a broad range of covariates 339 

such as asthma severity, smoking status and medication adherence which could plausibly lie 340 

on the causal pathway between SES and asthma outcomes. Adjusting for these factors could 341 

lead to over-adjustment bias and serve to conceal important inequalities [66].  Future studies 342 

should carefully consider their analytical strategy and ensure their statistical models are based 343 

upon a robust conceptual framework [67] separating potential confounders and mediators of the 344 

direct SES effect. Recently Jackson has provided an elegant framework for this and highlighted 345 

the need to distinguish between ‘allowable’ (essentially those related to need) and ‘non-346 

allowable’ factors (those perceived to be unjust determinants of outcomes) within a plausible 347 

directed acyclic graph (DAG) [68].  348 
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 349 

The main strength of this review was in summarizing a diverse literature of primary research 350 

investigating the effect of SES on asthma healthcare utilization and healthcare outcomes, which 351 

provides an at-a-glance overview for policymakers, clinicians and researchers.  We 352 

implemented a broad search strategy and included studies, which investigated proxies of SES 353 

such as employment/education and insurance status. Pooled estimates for all three domains of 354 

SES were similar, suggesting that combining these exposures was a valid approach, although 355 

the suitability of such proxies has been questioned elsewhere [69].  Our review also facilitated a 356 

novel investigation of SES disparities over time and between patient subgroups, which was not 357 

undertaken in any single study previously.  358 

 359 

We also acknowledge several potential weaknesses in our study. We did not aim to capture 360 

data on potential pathways to healthcare utilization, in particular medication prescribing and 361 

adherence data, or the effect of health literacy in mediating the relationship between SES and 362 

health disparities, as other reviews have previously investigated the effect of SES in these areas 363 

[49, 51]. In concordance with similar reviews investigating SES disparities [65, 70], there was 364 

substantial heterogeneity in our primary analysis which could be related to differences in 365 

outcome classification, exposure definition, methodology (e.g. type of effect estimate) or study 366 

definition and may hinder the interpretability of our results. However, this was largely 367 

mitigated when restricting to high-quality studies and our overall conclusions of increased 368 

secondary healthcare utilization among low SES groups was unchanged. The majority of the 369 

studies included in this review were based in the U.S.A. which may limit the external validity 370 

of our findings. We believe that this is an important finding in itself and may suggest a lack of 371 

research into the magnitude and drivers of asthma SES disparities within many countries. This 372 

is particularly important as our results indicate that SES disparities in asthma healthcare 373 
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outcomes are far from a solely U.S.A.-based phenomenon. For pragmatic reasons we limited 374 

our search to English language studies, it is possible that eligible studies published in other 375 

languages were excluded. Similarly, our finding of potential small-study effects among the 376 

studies investigating disparities in hospitalizations could possibly suggest publication bias. 377 

 378 

In conclusion, patients with a lower SES have substantially increased asthma healthcare 379 

utilization, with evidence suggestive of increased exacerbations and mortality.  These 380 

socioeconomic disparities have been consistently reported worldwide, including within 381 

countries offering universally funded healthcare systems, and are entrenched over several 382 

decades. Further research is required to understand the mechanisms underlying these 383 

disparities.   384 

Acknowledgments: We thank the Department for the Economy, Northern Ireland and Health 385 

Data Research UK (Grant Number: JHR1157-100/1230) for the support of Authors C. 386 

Redmond and A. Akinoso-Imran.387 

Jo
urn

al 
Pre-

pro
of



Redmond, 21 
 

 
 

References  388 

1. Soriano JB, Kendrick PJ, Paulson KR, Gupta V, Vos T, Abrams EM, et al. Prevalence 389 
and attributable health burden of chronic respiratory diseases, 1990-2017: a systematic 390 
analysis for the Global Burden of Disease Study 2017. Lancet Respiratory Medicine. 391 

2020;8(6):585-96. 392 
2. Nurmagambetov T, Kuwahara R, Garbe P. The Economic Burden of Asthma in the 393 
United States, 2008-2013. Ann Am Thorac Soc. 2018;15(3):348-56. 394 
3. Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Alasaly K, Swiston J, et al. 395 
Economic burden of asthma: a systematic review. BMC Pulm Med. 2009;9(1):24. 396 

4. Suruki RY, Daugherty JB, Boudiaf N, Albers FC. The frequency of asthma 397 
exacerbations and healthcare utilization in patients with asthma from the UK and USA. BMC 398 
Pulm Med. 2017;17(1):74. 399 

5. Soremekun S, Heaney L, Voorham J, Kerkhof M, Bulathsinhala L, Carter V, et al. 400 
The Impact of Exacerbation Burden on Lung Function Trajectory in a Broad UK Asthma 401 
Population: A Large Longitudinal Cohort Study.  American Journal of Respiratory and 402 
Critical Care Medicine. 2020;201:2. 403 

6. Agabiti N, Pirani M, Schifano P, Cesaroni G, Davoli M, Bisanti L, et al. Income level 404 
and chronic ambulatory care sensitive conditions in adults: a multicity population-based 405 
study in Italy. BMC Public Health. 2009;9:457. 406 
7. Gershon AS, Dolmage TE, Stephenson A, Jackson B. Chronic obstructive pulmonary 407 

disease and socioeconomic status: a systematic review. COPD. 2012;9(3):216-26. 408 
8. Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P, et al. 409 

Socioeconomic Status and Cardiovascular Outcomes: Challenges and Interventions. 410 
Circulation. 2018;137(20):2166-78. 411 
9. Jroundi I, Tse SM. Long-term asthma-related readmissions: comparison between 412 

children admitted and not admitted to the intensive care unit for critical asthma. J Asthma. 413 

2021;58(1):10-8. 414 
10. Backman H, Hedman L, Stridsman C, Jansson SA, Lindberg A, Lundback B, et al. A 415 
population-based cohort of adults with asthma: mortality and participation in a long-term 416 

follow-up. Eur Clin Respir J. 2017;4(1):1334508. 417 
11. Masefield S, Edwards J, Hansen K, Hamerlijnck D, Lisspers K, van der Schee M, et 418 
al. The future of asthma research and development: a roadmap from the European Asthma 419 

Research and Innovation Partnership (EARIP). Eur Respir J. 2017;49(5):1602295. 420 
12. van der Heide I, Rademakers J, Schipper M, Droomers M, Sorensen K, Uiters E. 421 

Health literacy of Dutch adults: a cross sectional survey. BMC Public Health. 422 
2013;13(1):179. 423 
13. Sun X, Shi Y, Zeng Q, Wang Y, Du W, Wei N, et al. Determinants of health literacy 424 

and health behavior regarding infectious respiratory diseases: a pathway model. BMC Public 425 

Health. 2013;13:261. 426 

14. Apter AJ, Wan F, Reisine S, Bender B, Rand C, Bogen DK, et al. The association of 427 
health literacy with adherence and outcomes in moderate-severe asthma. J Allergy Clin 428 

Immunol. 2013;132(2):321-7. 429 
15. Mancuso CA, Rincon M. Impact of health literacy on longitudinal asthma outcomes. J 430 
Gen Intern Med. 2006;21(8):813-7. 431 
16. Williams MV, Baker DW, Honig EG, Lee TM, Nowlan A. Inadequate literacy is a 432 

barrier to asthma knowledge and self-care. Chest. 1998;114(4):1008-15. 433 

Jo
urn

al 
Pre-

pro
of



Redmond, 22 
 

 
 

17. Makela MJ, Backer V, Hedegaard M, Larsson K. Adherence to inhaled therapies, 434 

health outcomes and costs in patients with asthma and COPD. Respir Med. 435 
2013;107(10):1481-90. 436 
18. Subramanian SV, Jones K, Kaddour A, Krieger N. Revisiting Robinson: the perils of 437 
individualistic and ecologic fallacy. Int J Epidemiol. 2009;38(2):342-60. 438 

19. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The 439 
Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrandomized studies in meta-440 
analyses. 2012. 441 
20. Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi G, Rapi S, et al. 442 
Panethnic Differences in Blood Pressure in Europe: A Systematic Review and Meta-443 

Analysis. PLoS One. 2016;11(1):e0147601. 444 
21. Milaniak I, Jaffee SR. Childhood socioeconomic status and inflammation: A 445 
systematic review and meta-analysis. Brain Behav Immun. 2019;78:161-76. 446 
22. Vart P, van Zon SKR, Gansevoort RT, Bultmann U, Reijneveld SA. SES, Chronic 447 

Kidney Disease, and Race in the US: A Systematic Review and Meta-analysis. Am J Prev 448 
Med. 2017;53(5):730-9. 449 
23. Shrewsbury V, Wardle J. Socioeconomic status and adiposity in childhood: a 450 

systematic review of cross-sectional studies 1990-2005. Obesity (Silver Spring). 451 
2008;16(2):275-84. 452 
24. Schwendicke F, Dorfer CE, Schlattmann P, Foster Page L, Thomson WM, Paris S. 453 
Socioeconomic inequality and caries: a systematic review and meta-analysis. J Dent Res. 454 

2015;94(1):10-8. 455 
25. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 456 

2002;21(11):1539-58. 457 
26. Deeks JJ, Higgins JPT, Altman DG, (editors). Chapter 10: Analysing data and 458 
undertaking meta-analyses. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page 459 

MJ, et al., editors. Cochrane Handbook for Systematic Reviews of Interventions version 61 460 

(updated September 2020): Cochrane; 2020.  461 
27. The World Bank. Gini index (World Bank estimate) 2020 [Available from: 462 
https://data.worldbank.org/indicator/SI.POV.GINI. (accessed 28th November 2020) 463 

28. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al. 464 
Recommendations for examining and interpreting funnel plot asymmetry in meta-analyses of 465 
randomised controlled trials. BMJ. 2011;343:d4002. 466 

29. StataCorp. Stata Statistical Software. Release 14 ed. College Station, TX: StataCorp 467 
LP; 2015. 468 

30. Denlinger LC, Phillips BR, Ramratnam S, Ross K, Bhakta NR, Cardet JC, et al. 469 
Inflammatory and Comorbid Features of Patients with Severe Asthma and Frequent 470 
Exacerbations. Am J Respir Crit Care Med. 2017;195(3):302-13. 471 

31. Wainwright NW, Surtees PG, Wareham NJ, Harrison BD. Psychosocial factors and 472 
incident asthma hospital admissions in the EPIC-Norfolk cohort study. Allergy. 473 

2007;62(5):554-60. 474 
32. Boulet LP, Belanger M, Lajoie P. Characteristics of subjects with a high frequency of 475 

emergency visits for asthma. Am J Emerg Med. 1996;14(7):623-8. 476 
33. Kaur BP, Lahewala S, Arora S, Agnihotri K, Panaich SS, Secord E, et al. Asthma: 477 
Hospitalization Trends and Predictors of In-Hospital Mortality and Hospitalization Costs in 478 

the USA (2001-2010). Int Arch Allergy Immunol. 2015;168(2):71-8. 479 
34. Al-Dawood KM. Pattern and risk factors associated with hospital emergency visits 480 
among schoolboys with bronchial asthma in Al-Khobar. Ann Saudi Med. 2002;22(1-2):29-481 
33. 482 

Jo
urn

al 
Pre-

pro
of

https://data.worldbank.org/indicator/SI.POV.GINI


Redmond, 23 
 

 
 

35. Barton CA, McKenzie DP, Walters EH, Abramson MJ, Victorian Asthma Mortality 483 

Study G. Interactions between psychosocial problems and management of asthma: who is at 484 
risk of dying? J Asthma. 2005;42(4):249-56. 485 
36. Capo-Ramos DE, Duran C, Simon AE, Akinbami LJ, Schoendorf KC. Preventive 486 
asthma medication discontinuation among children enrolled in fee-for-service Medicaid. J 487 

Asthma. 2014;51(6):618-26. 488 
37. Desager K, Vermeulen F, Bodart E. Adherence to asthma treatment in childhood and 489 
adolescence - a narrative literature review. Acta Clin Belg. 2018;73(5):348-55. 490 
38. Murphy J, McSharry J, Hynes L, Matthews S, Van Rhoon L, Molloy GJ. Prevalence 491 
and predictors of adherence to inhaled corticosteroids in young adults (15-30 years) with 492 

asthma: a systematic review and meta-analysis. J Asthma. 2021;58(5):683-705. 493 
39. Singh SK, Gupta J, Sharma H, Pedgaonkar SP, Gupta N. Socio-economic Correlates 494 
and Spatial Heterogeneity in the Prevalence of Asthma among Young Women in India. BMC 495 
Pulm Med. 2020;20(1):190. 496 

40. Dick S, Friend A, Dynes K, AlKandari F, Doust E, Cowie H, et al. A systematic 497 
review of associations between environmental exposures and development of asthma in 498 
children aged up to 9 years. BMJ Open. 2014;4(11):e006554. 499 

41. Jamrozik E, Knuiman MW, James A, Divitini M, Musk AW. Risk factors for adult-500 
onset asthma: a 14-year longitudinal study. Respirology. 2009;14(6):814-21. 501 
42. Black MH, Zhou H, Takayanagi M, Jacobsen SJ, Koebnick C. Increased asthma risk 502 
and asthma-related health care complications associated with childhood obesity. Am J 503 

Epidemiol. 2013;178(7):1120-8. 504 
43. Adams RJ, Howard N, Tucker G, Appleton S, Taylor AW, Chittleborough C, et al. 505 

Effects of area deprivation on health risks and outcomes: a multilevel, cross-sectional, 506 
Australian population study. Int J Public Health. 2009;54(3):183-92. 507 
44. Adamson J, Ben-Shlomo Y, Chaturvedi N, Donovan J. Ethnicity, socio-economic 508 

position and gender--do they affect reported health-care seeking behaviour? Soc Sci Med. 509 

2003;57(5):895-904. 510 
45. van Loenen T, van den Berg MJ, Faber MJ, Westert GP. Propensity to seek healthcare 511 
in different healthcare systems: analysis of patient data in 34 countries. BMC Health Serv 512 

Res. 2015;15(1):465. 513 
46. Alsallakh MA, Rodgers SE, Lyons RA, Sheikh A, Davies GA. Association of 514 
socioeconomic deprivation with asthma care, outcomes, and deaths in Wales: A 5-year 515 

national linked primary and secondary care cohort study. PLoS Med. 2021;18(2):e1003497. 516 
47. Al-Muhsen S, Horanieh N, Dulgom S, Aseri ZA, Vazquez-Tello A, Halwani R, et al. 517 

Poor asthma education and medication compliance are associated with increased emergency 518 
department visits by asthmatic children. Ann Thorac Med. 2015;10(2):123-31. 519 
48. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health literacy 520 

and health outcomes: an updated systematic review. Ann Intern Med. 2011;155(2):97-107. 521 
49. Stormacq C, Van den Broucke S, Wosinski J. Does health literacy mediate the 522 

relationship between socioeconomic status and health disparities? Integrative review. Health 523 
Promot Int. 2019;34(5):e1-e17. 524 

50. Coster JE, Turner JK, Bradbury D, Cantrell A. Why Do People Choose Emergency 525 
and Urgent Care Services? A Rapid Review Utilizing a Systematic Literature Search and 526 
Narrative Synthesis. Acad Emerg Med. 2017;24(9):1137-49. 527 

51. Dima AL, Hernandez G, Cunillera O, Ferrer M, de Bruin M, group A-L. Asthma 528 
inhaler adherence determinants in adults: systematic review of observational data. Eur Respir 529 
J. 2015;45(4):994-1018. 530 

Jo
urn

al 
Pre-

pro
of



Redmond, 24 
 

 
 

52. Walters R, Leslie SJ, Polson R, Cusack T, Gorely T. Establishing the efficacy of 531 

interventions to improve health literacy and health behaviours: a systematic review. BMC 532 
Public Health. 2020;20(1):1040. 533 
53. Chen E, Shalowitz MU, Story RE, Ehrlich KB, Manczak EM, Ham PJ, et al. Parents' 534 
childhood socioeconomic circumstances are associated with their children's asthma 535 

outcomes. J Allergy Clin Immunol. 2017;140(3):828-35 e2. 536 
54. Stein JS, Craft WH, Paluch RA, Gatchalian KM, Greenawald MH, Quattrin T, et al. 537 
Bleak present, bright future: II. Combined effects of episodic future thinking and scarcity on 538 
delay discounting in adults at risk for type 2 diabetes. J Behav Med. 2021;44(2):222-30. 539 
55. Kullgren JT, Hafez D, Fedewa A, Heisler M. A Scoping Review of Behavioral 540 

Economic Interventions for Prevention and Treatment of Type 2 Diabetes Mellitus. Curr 541 
Diab Rep. 2017;17(9):73. 542 
56. Taylor-Robinson D, Kee F. Precision public health-the Emperor's new clothes. Int J 543 
Epidemiol. 2019;48(1):1-6. 544 

57. Gershon AS, Hwee J, Victor JC, Wilton AS, To T. Trends in socioeconomic status-545 
related differences in mortality among people with chronic obstructive pulmonary disease. 546 
Ann Am Thorac Soc. 2014;11(8):1195-202. 547 

58. Bosworth B. Increasing Disparities in Mortality by Socioeconomic Status. Annu Rev 548 
Public Health. 2018;39(1):237-51. 549 
59. Dickman SL, Himmelstein DU, Woolhandler S. Inequality and the health-care system 550 
in the USA. Lancet. 2017;389(10077):1431-41. 551 

60. Rahimi AR, Spertus JA, Reid KJ, Bernheim SM, Krumholz HM. Financial barriers to 552 
health care and outcomes after acute myocardial infarction. JAMA. 2007;297(10):1063-72. 553 

61. Scott A, O'Cathain A, Goyder E. Socioeconomic disparities in access to intensive 554 
insulin regimens for adults with type 1 diabetes: a qualitative study of patient and healthcare 555 
professional perspectives. Int J Equity Health. 2019;18(1):150. 556 

62. Nardini S, De Benedetto F, Sanguinetti CM, Bellofiore S, Carlone S, Privitera S, et al. 557 

COPD management as a model for all chronic respiratory conditions: report of the 4(th) 558 
Consensus Conference in Respiratory Medicine. Multidiscip Respir Med. 2017;12:28. 559 
63. Chen YC, Chang LC, Liu CY, Ho YF, Weng SC, Tsai TI. The Roles of Social 560 

Support and Health Literacy in Self-Management Among Patients With Chronic Kidney 561 
Disease. J Nurs Scholarsh. 2018;50(3):265-75. 562 
64. Weaver RR, Lemonde M, Payman N, Goodman WM. Health capabilities and diabetes 563 

self-management: the impact of economic, social, and cultural resources. Soc Sci Med. 564 
2014;102:58-68. 565 

65. Alsabbagh MH, Lemstra M, Eurich D, Lix LM, Wilson TW, Watson E, et al. 566 
Socioeconomic status and nonadherence to antihypertensive drugs: a systematic review and 567 
meta-analysis. Value Health. 2014;17(2):288-96. 568 

66. Schisterman EF, Cole SR, Platt RW. Overadjustment bias and unnecessary 569 
adjustment in epidemiologic studies. Epidemiology. 2009;20(4):488-95. 570 

67. Davidson E, Liu JJ, Sheikh A. The impact of ethnicity on asthma care. Prim Care 571 
Respir J. 2010;19(3):202-8. 572 

68. Jackson JW. Meaningful Causal Decompositions in Health Equity Research: 573 
Definition, Identification, and Estimation Through a Weighting Framework. Epidemiology. 574 
2021;32(2):282-90. 575 

69. MacDonald LA, Cohen A, Baron S, Burchfiel CM. Occupation as socioeconomic 576 
status or environmental exposure? A survey of practice among population-based 577 
cardiovascular studies in the United States. Am J Epidemiol. 2009;169(12):1411-21. 578 

Jo
urn

al 
Pre-

pro
of



Redmond, 25 
 

 
 

70. Agardh E, Allebeck P, Hallqvist J, Moradi T, Sidorchuk A. Type 2 diabetes incidence 579 

and socio-economic position: a systematic review and meta-analysis. Int J Epidemiol. 580 
2011;40(3):804-18. 581 
71. Davidson AE, Klein DE, Settipane GA, Alario AJ. Access to care among children 582 
visiting the emergency room with acute exacerbations of asthma. Ann Allergy. 583 

1994;72(5):469-73. 584 
72. Stoddard JJ, St Peter RF, Newacheck PW. Health insurance status and ambulatory 585 
care for children. N Engl J Med. 1994;330(20):1421-5. 586 
73. LeSon S, Gershwin ME. Risk factors for asthmatic patients requiring intubation. I. 587 
Observations in children. J Asthma. 1995;32(4):285-94. 588 

74. LeSon S, Gershwin ME. Risk factors for asthmatic patients requiring intubation. II. 589 
Observations in teenagers. J Asthma. 1995;32(5):379-89. 590 
75. LeSon S, Gershwin ME. Risk factors for intubation of adult asthmatic patients. J 591 
Asthma. 1995;32(2):97-104. 592 

76. LeSon S, Gershwin ME. Risk factors for asthmatic patients requiring intubation. III. 593 
Observations in young adults. J Asthma. 1996;33(1):27-35. 594 
77. Mowat D, McCowan C, Neville R, Crombie I, Thomas G, Ricketts I, et al. Socio-595 

economic status and childhood asthma. Primary Care Respiratory Journal. 1998;6(1):9-11. 596 
78. Adams RJ, Smith BJ, Ruffin RE. Factors associated with hospital admissions and 597 
repeat emergency department visits for adults with asthma. Thorax. 2000;55(7):566-73. 598 
79. Finkelstein JA, Barton MB, Donahue JG, Algatt-Bergstrom P, Markson LE, Platt R. 599 

Comparing asthma care for Medicaid and non-Medicaid children in a health maintenance 600 
organization. Arch Pediatr Adolesc Med. 2000;154(6):563-8. 601 

80. Stanford R, Okamoto L, McLaughlin T. Rates of hospitalization for asthma by 602 
insurance status. MedGenMed. 2000;2(1):E5. 603 
81. Bair YA, Garcia JA, Romano PS, Siefkin AD, Kravitz RL. Does "mainstreaming" 604 

guarantee access to care for medicaid recipients with asthma? J Gen Intern Med. 605 

2001;16(7):475-81. 606 
82. Eisner MD, Katz PP, Yelin EH, Shiboski SC, Blanc PD. Risk factors for 607 
hospitalization among adults with asthma: the influence of sociodemographic factors and 608 

asthma severity. Respir Res. 2001;2(1):53-60. 609 
83. Ferris TG, Crain EF, Oken E, Wang L, Clark S, Camargo CA, Jr., et al. Insurance and 610 
quality of care for children with acute asthma. Ambul Pediatr. 2001;1(5):267-74. 611 

84. Ortega AN, Belanger KD, Paltiel AD, Horwitz SM, Bracken MB, Leaderer BP. Use 612 
of health services by insurance status among children with asthma. Med Care. 613 

2001;39(10):1065-74. 614 
85. Amre DK, Infante-Rivard C, Gautrin D, Malo JL. Socioeconomic status and 615 
utilization of health care services among asthmatic children. J Asthma. 2002;39(7):625-31. 616 

86. Bloomberg GR, Trinkaus KM, Fisher EB, Jr., Musick JR, Strunk RC. Hospital 617 
readmissions for childhood asthma: a 10-year metropolitan study. Am J Respir Crit Care 618 

Med. 2003;167(8):1068-76. 619 
87. Spurrier NJ, Staugas R, Sawyer MG, Wakefield MA, Ruffin RE, Jureidini J, et al. 620 

Health-service use by children with asthma over a 6-month period. J Paediatr Child Health. 621 
2003;39(1):15-21. 622 
88. Ather S, Chung KD, Gregory P, Demissie K. The association between hospital 623 

readmission and insurance provider among adults with asthma. J Asthma. 2004;41(7):709-13. 624 
89. Chen Y, Stewart P, Dales R, Johansen H, Scott G, Taylor G. Ecological measures of 625 
socioeconomic status and hospital readmissions for asthma among Canadian adults. Respir 626 
Med. 2004;98(5):446-53. 627 

Jo
urn

al 
Pre-

pro
of



Redmond, 26 
 

 
 

90. Pesola GR, Xu F, Ahsan H, Sternfels P, Meyer IH, Ford JG. Predicting asthma 628 

morbidity in Harlem emergency department patients. Acad Emerg Med. 2004;11(9):944-50. 629 
91. Grant EN, Malone A, Lyttle CS, Weiss KB. Asthma morbidity and treatment in the 630 
Chicago metropolitan area: one decade after national guidelines. Ann Allergy Asthma 631 
Immunol. 2005;95(1):19-25. 632 

92. Lasmar LM, Camargos PA, Goulart EM, Sakurai E. Risk factors for multiple hospital 633 
admissions among children and adolescents with asthma. J Bras Pneumol. 2006;32(5):391-9. 634 
93. Meng YY, Babey SH, Brown ER, Malcolm E, Chawla N, Lim YW. Emergency 635 
department visits for asthma: the role of frequent symptoms and delay in care. Ann Allergy 636 
Asthma Immunol. 2006;96(2):291-7. 637 

94. van der Merwe L, de Klerk A, Kidd M, Bardin PG, van Schalkwyk EM. Case-control 638 
study of severe life threatening asthma (SLTA) in a developing community. Thorax. 639 
2006;61(9):756-60. 640 
95. DeWalt DA, Dilling MH, Rosenthal MS, Pignone MP. Low parental literacy is 641 

associated with worse asthma care measures in children. Ambul Pediatr. 2007;7(1):25-31. 642 
96. Forbes L, Harvey S, Newson R, Jarvis D, Luczynska C, Price J, et al. Risk factors for 643 
accident and emergency (A&E) attendance for asthma in inner city children. Thorax. 644 

2007;62(10):855-60. 645 
97. Horner SD. Childhood asthma in a rural environment: implications for clinical nurse 646 
specialist practice. Clin Nurse Spec. 2008;22(4):192-8; quiz 9-200. 647 
98. Peters AT, Klemens JC, Haselkorn T, Weiss ST, Grammer LC, Lee JH, et al. 648 

Insurance status and asthma-related health care utilization in patients with severe asthma. 649 
Ann Allergy Asthma Immunol. 2008;100(4):301-7. 650 

99. To T, Wang C, Dell S, Fleming-Carroll B, Parkin P, Scolnik D, et al. Risk factors for 651 
repeat adverse asthma events in children after visiting an emergency department. Ambul 652 
Pediatr. 2008;8(5):281-7. 653 

100. Kim H, Kieckhefer GM, Greek AA, Joesch JM, Baydar N. Health care utilization by 654 

children with asthma. Prev Chronic Dis. 2009;6(1):A12. 655 
101. Liu SY, Pearlman DN. Hospital readmissions for childhood asthma: the role of 656 
individual and neighborhood factors. Public Health Rep. 2009;124(1):65-78. 657 

102. Wright K. Disparities and predictors of emergency department use among California's 658 
African American, Latino, and White children, aged 1-11 years, with asthma. Ethn Dis. 659 
2009;19(1):71-7. 660 

103. Carroll CL, Uygungil B, Zucker AR, Schramm CM. Identifying an at-risk population 661 
of children with recurrent near-fatal asthma exacerbations. J Asthma. 2010;47(4):460-4. 662 

104. Piper CN, Glover S, Elder K, Baek JD, Wilkinson L. Disparities in access to care 663 
among asthmatic children in relation to race and socioeconomic status. J Child Health Care. 664 
2010;14(3):271-9. 665 

105. Lutfiyya MN, McCullough JE, Lipsky MS. A population-based study of health 666 
service deficits for US adults with asthma. J Asthma. 2011;48(9):931-44. 667 

106. Zejda JE, Brozek GM, Farnik M, Smolka I. Social and family-related correlates of 668 
medical care utilization by asthmatic children in Upper Silesia, Poland. Ann Agric Environ 669 

Med. 2012;19(1):141-5. 670 
107. Auger KA, Kahn RS, Davis MM, Beck AF, Simmons JM. Medical home quality and 671 
readmission risk for children hospitalized with asthma exacerbations. Pediatrics. 672 

2013;131(1):64-70. 673 
108. Roberts NJ, Lewsey JD, Gillies M, Briggs AH, Belozeroff V, Globe DR, et al. Time 674 
trends in 30 day case-fatality following hospitalisation for asthma in adults in Scotland: a 675 
retrospective cohort study from 1981 to 2009. Respir Med. 2013;107(8):1172-7. 676 

Jo
urn

al 
Pre-

pro
of



Redmond, 27 
 

 
 

109. Rodriguez-Martinez CE, Sossa-Briceno MP, Castro-Rodriguez JA. Predictors of 677 

hospitalization for asthma in children: results of a 1-year prospective study. Pediatr 678 
Pulmonol. 2014;49(11):1058-64. 679 
110. Chang J, Freed GL, Prosser LA, Patel I, Erickson SR, Bagozzi RP, et al. Comparisons 680 
of health care utilization outcomes in children with asthma enrolled in private insurance plans 681 

versus medicaid. J Pediatr Health Care. 2014;28(1):71-9. 682 
111. Kenyon CC, Melvin PR, Chiang VW, Elliott MN, Schuster MA, Berry JG. 683 
Rehospitalization for childhood asthma: timing, variation, and opportunities for intervention. 684 
J Pediatr. 2014;164(2):300-5. 685 
112. To T, Simatovic J, Zhu J, Feldman L, Dell SD, Lougheed MD, et al. Asthma deaths in 686 

a large provincial health system. A 10-year population-based study. Ann Am Thorac Soc. 687 
2014;11(8):1210-7. 688 
113. Dilokthornsakul P, Lee TA, Dhippayom T, Jeanpeerapong N, Chaiyakunapruk N. 689 
Comparison of Health Care Utilization and Costs for Patients with Asthma by Severity and 690 

Health Insurance in Thailand. Value Health Reg Issues. 2016;9:105-11. 691 
114. Hasegawa K, Stoll SJ, Ahn J, Kysia RF, Sullivan AF, Camargo CA, Jr. Association of 692 
Insurance Status with Severity and Management in ED Patients with Asthma Exacerbation. 693 

West J Emerg Med. 2016;17(1):22-7. 694 
115. Yan BD, Meng SS, Ren J, Lv Z, Zhang QH, Yu JY, et al. Asthma control and severe 695 
exacerbations in patients with moderate or severe asthma in Jilin Province, China: a 696 
multicenter cross-sectional survey. BMC Pulm Med. 2016;16(1):130. 697 

116. Xie S, Greenblatt R, Levy MZ, Himes BE. Enhancing Electronic Health Record Data 698 
with Geospatial Information. AMIA Jt Summits Transl Sci Proc. 2017;2017:123-32. 699 

117. Zhang Q, Lamichhane R, Diggs LA. Disparities in emergency department visits in 700 
American children with asthma: 2006-2010. J Asthma. 2017;54(7):679-86. 701 
118. Grunwell JR, Travers C, Fitzpatrick AM. Inflammatory and Comorbid Features of 702 

Children Admitted to a PICU for Status Asthmaticus. Pediatr Crit Care Med. 703 

2018;19(11):e585-e94. 704 
119. Mazalovic K, Jacoud F, Dima AL, Van Ganse E, Nolin M, C D, et al. Asthma 705 
exacerbations and socio-economic status in French adults with persistent asthma: A 706 

prospective cohort study. J Asthma. 2018;55(10):1043-51. 707 
120. Gushue C, Miller R, Sheikh S, Allen ED, Tobias JD, Hayes D, Jr., et al. Gaps in 708 
health insurance coverage and emergency department use among children with asthma. J 709 

Asthma. 2019;56(10):1070-8. 710 
121. Seibert RG, Winter MR, Cabral HJ, Wolf MS, Curtis LM, Paasche-Orlow MK. 711 

Health Literacy and Income Mediate Racial/Ethnic Asthma Disparities. Health Lit Res Pract. 712 
2019;3(1):e9-e18. 713 
122. Shechter J, Roy A, Naureckas S, Estabrook C, Mohanty N. Variables Associated with 714 

Emergency Department Utilization by Pediatric Patients with Asthma in a Federally 715 
Qualified Health Center. J Community Health. 2019;44(5):948-53. 716 

123. Sullivan PW, Ghushchyan V, Navaratnam P, Friedman HS, Kavati A, Ortiz B, et al. 717 
Exploring factors associated with health disparities in asthma and poorly controlled asthma 718 

among school-aged children in the U.S. J Asthma. 2020;57(3):271-85. 719 

Jo
urn

al 
Pre-

pro
of



Redmond, 28 
 

 
 

Tables  720 

Table 1 - Summary characteristics of studies included in review. 721 

Study Name (Year) Country Participants 
Mean Age, 

years (SD) 

% 

Male 

Clinical 

Setting 
Exposure Outcome 

Davidson (1994) [71] USA  170                     7.4 (NR) 62 ED Rec Ins ED, Hosp 

Stoddard (1994) [72] USA  667                     NR NR Gen Pop SES, Ins PC 

Leson (1995a) [73] USA  300                     7.7  (2.4) 55 Hosp Rec SES, Emp/Edu Int 

Leson (1995b) [74] USA  143                     16.4  (2.3) 52 Hosp Rec SES, Emp/Edu Int 

LeSon (1995c) [75] USA  375                     40.8  (13.5) 35 Hosp Rec SES, Emp/Edu Int 

Boulet (1996) [32] Canada  60                        40.5  (20) 53 ED Rec SES, Emp/Edu ED 

LeSon (1996) [76] USA  550                     27.9  (4.2) 36 Hosp Rec SES, Emp/Edu Int 

Mowat (1998) [77] UK  1,504                  NR NR Gen Prac SES ED, Hosp, 

PC 

Adams (2000) [78] Australia  293                     42.0  (18.0) 33 Sec Care Emp/Edu ED, Hosp 

Finkelstein (2000) [79] USA  12,935               7.5  (4.9) 57 Sec Care Ins ED, Hosp 

Stanford (2000) [80] USA  2,738                  41.0  (11.0) 30 ED Rec Ins Hosp 

Bair (2001) [81] USA  478                     46.2 (NR) 26 Gen Prac Emp/Edu, Ins ED 

Eisner (2001) [82] USA  242                     40.5  (7.3) 27 Gen Prac SES, Emp/Edu Hosp 

Ferris (2001) [83] USA  965                     7.9  (4.1) 60 ED Rec Ins Hosp, Int 

Ortega (2001) [84] USA  804                     5.3  (2.5) 63 Gen Pop Ins ED, Hosp 

Al-Dawood (2002) [34] Saudi Arabia  141                     10.7  (3.1) 100 Gen Pop SES ED 

Amre (2002) [85] Canada  404                     NR 56 ED Rec Emp/Edu ED, Hosp, 

PC 

Bloomberg (2003) [86] USA  8,761                  NR 63 Hosp Rec Ins ReAd 

Spurrier (2003) [87] Australia  135                     4.9  (3.0) NR ED Rec Emp/Edu ED 

Ather (2004) [88] USA  15,864               NR 29 Hosp Rec Ins ReAd 

Chen (2004) [89] Canada  8,333                  NR 30 Hosp Rec SES ReAd 
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Pesola (2004) [90] USA  237                     40.4  (13.2) 38 ED Rec Emp/Edu, Ins ED, Hosp 

Barton (2005) [35] Australia  251                     NR NR Other Emp/Edu Mort 

Grant (2005) [91] USA  152                     NR 38 Gen Pop SES, Emp/Edu ED, Hosp 

Lasmar (2006) [92] Brazil  202                     NR 67 Sec Care SES, Emp/Edu ReAd 

Meng (2006) [93] USA  4,359                  NR 39 Gen Pop SES, Emp/Edu, Ins ED 

Van der Merwe (2006) [94] South Africa  90                        30.9  (12.3) 32 Sec Care SES Hosp 

DeWalt (2007) [95] USA  150                     7.7  (2.8) NR Sec Care SES, Emp/Edu ED, Hosp 

Forbes (2007) [96] UK  921                     NR 63 Gen Prac SES ED 

Wainwright (2007) [31] UK  1,674                  NR 40 Gen Prac SES Hosp 

Horner (2008) [97] USA  183                     8.8  (1.2) 59 Gen Pop SES, Ins ED, Hosp 

Peters (2008) [98] USA  1,315                  46.2  (12.7) 30 Ter Care Ins ED, Hosp 

To (2008) [99] Canada  269                     NR 60 ED Rec SES ED, Ex 

Kim (2009) [100] USA  982                     NR 64 Gen Pop SES, Emp/Edu, Ins ED 

Liu (2009) [101] USA  2,919                  NR 60 Hosp Rec Ins ReAd 

Wright (2009) [102] USA  1,313                  NR 62 Gen Pop Ins ED 

Carroll (2010) [103] USA  306                     8.1  (4.3) 58 Hosp Rec Ins ReAd 

Piper (2010) [104] USA  1,630                  NR 61 Gen Pop SES, Ins PC 

Lutfiyya (2011) [105] USA  30,323               NR 35 Gen Pop SES ED, Ex, PC 

Zejda (2012) [106] Poland  186                     11.1  (2.2) 62 Gen Pop Emp/Edu Hosp 

Auger (2013) [107] USA  601                     NR 64 Hosp Rec SES, Emp/Edu, Ins ReAd 

Roberts (2013) [108] UK  116,457             46.0  (18.0) 35 Hosp Rec SES Mort 

Rodriguez-Martinez (2013) [109] Colombia  101                     NR 60 Sec Care Emp/Edu ReAd 

Chang (2014) [110] USA  11,027               8.2  (6.9) 43 Ins Ins ED, Hosp 

Kenyon (2014) [111] USA  36,601               NR 61 Hosp Rec Ins ReAd 

To (2014) [112] Canada  NS         NR NR Ins SES Mort 

Kaur (2015) [33] USA  760,418             NR 33 Hosp Rec SES, Ins Int, Mort 

Dilokthornsakul (2016) [113] Thailand  1,982                  40.3  (24.0) 61 Sec Care Ins Hosp 

Hasegawa (2016) [114] USA  1,928                  NR 41 ED Rec Ins ED, Hosp, Int 

Yan (2016) [115] China  1,546                  55.8  (16.8) 41 Hosp Rec SES, Emp/Edu Ex 

Backman (2017) [10] Sweden  2,055                  45.4 (NR) 45 Other Emp/Edu Mort 
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Denlinger (2017) [30] USA  709                     NR 41 Other SES, Emp/Edu Ex 

Xie (2017) [116] USA  27,604               NR 27 Sec Care Ins Ex 

Zhang (2017) [117] USA  5,535                  NR 57 Gen Pop SES, Emp/Edu ED 

Grunwell (2018) [118] USA  579                     NR 58 Sec Care SES, Emp/Edu Hosp, Int 

Mazalovic (2018) [119] France  255                     29.6  (6.9) 43 Gen Prac SES, Emp/Edu Ex, Hosp 

Gushue (2019) [120] USA  854                     NR NR Gen Pop Emp/Edu, Ins Ex 

Jroundi (2019) [9] USA  66,835               6.5  (4.1) 61 Hosp Rec SES, Ins ReAd 

Seibert (2019) [121] USA  342                     30.9  (6.1) 22 Gen Pop SES ED, Hosp 

Shechter (2019) [122] USA  200                     NR 61 Other Ins ED 

Sullivan (2019) [123] USA  6,751                  11.5 (NR) 59 Gen Pop SES, Emp/Edu, Ins Ex 

 722 

Abbreviations: ED (ED Visit), Ex (Exacerbation), Hosp (Hospitalization), Mort (Mortality), PC (Primary Care Attendance), ReAd 723 

(Readmission), Int (Ventilation / Intubation), SES (Socioeconomic status), Emp (Employment), Edu (Education), Ins (Insurance), ED Rec (ED 724 

Records), Gen Pop (General Population), Gen Prac (General Practice), Hosp Rec (Hospitalization Records), Ins (Insurance Database), Sec Care 725 

(Secondary Care), Ter Care (Tertiary Care), NR (not reported), NS (not specified)726 
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Table 2 – Pooled effect of SES on asthma healthcare utilization 727 

Outcome All Studies   Good Quality 

N OR (95% CI's) I2   N OR (95% CI's) I2 

Health Care Utilization        

Primary Care Attendance 5 0.79 (0.51, 1.24) 95.1   2  0.96 (0.61, 1.51)  25.7 

ED Visit 25   1.61 (1.40, 1.84) 83.1  10 1.41 (1.29, 1.54) 0.0 

Hospitalization 22  1.63 (1.34, 1.99) 78.4  6 1.19 (1.06, 1.34) 0.0 

Ventilation / Intubation 7 1.76 (1.13, 2.73) 82.5     

Readmission 10 1.31 (1.19, 1.44) 45.3  4 1.29 (1.22, 1.36) 0.0 

Exacerbations and Mortality      

Exacerbations 7 1.18 (0.98, 1.42) 70.8  3 1.05 (0.72, 1.53) 58.7 

Mortality 5  1.12 (0.92, 1.37) 64.2  3  1.10 (0.88, 1.39)  79.3 

728 
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Table 3 - Additional Subgroup Analysis 729 

Subgroup 
ED Visit  Hospitalization  Readmission 

N OR (95% CI's) I2 p   N OR (95% CI's) I2 p  N OR (95% CI's) I2 p 

Age   
 <0.001  

  
  0.133  

  
 0.027 

Adult 7 1.69 (1.32, 2.15) 93.5  7 1.59 (1.11, 2.28) 90.4  2 0.99 (0.79, 1.24) 0.0 

Pediatric 13 1.54 (1.25, 1.90) 53.4  9 1.66 (1.24, 2.23) 62.0  6 1.37 (1.16, 1.63) 27.8 

Time period   
 0.008  

  
 <0.001  

  
 0.515 

Pre-2010 19 1.63 (1.33, 2.00) 69.8  15 1.85 (1.40, 2.43) 74.6  5 1.27 (1.04, 1.55) 57.9 

Post-2010 6 1.55 (1.20, 2.01) 93.4  7 1.33 (1.03, 1.73) 77.1  5 1.31 (1.18, 1.45) 38.8 

Healthcare System    0.185      0.301     0.023 

Insurance based 17  1.63 (1.40, 1.90) 87.0  17 1.57 (1.27, 1.95) 79.9  7 1.35 (1.24, 1.47) 42.7 

Universal Government Funded 8 1.56 (1.03, 2.39) 60.7 
 

5 2.10 (1.15, 3.83) 75.7 
 

3 1.00 (0.78, 1.26) 0.0 

Data Collection Setting    0.973     <0.001     NA 

General Population 15  1.56 (1.32, 1.84) 88.1  10 1.50 (1.16, 1.96) 74.7  
  

 
Secondary / Tertiary Care 10 1.69 (1.24, 2.31) 63.0   12 1.70 (1.29, 2.25) 74.6   10 1.31 (1.19, 1.44) 45.3 

730 
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Figure Legends 731 

 732 

Figure 1: PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 733 

flow diagram. 734 

*Studies were excluded at this stage for several reasons (not all participants had asthma, a 735 

relevant outcome/exposure was not reported, the data was not grouped into relevant 736 

comparison categories in the analysis and the full article was not published in English. 737 

Figure 2: Forest Plot of odds ratios for asthma related ED Visits, sub grouped by exposure 738 

type 739 

Figure 3: Forest Plot of odds ratios for asthma related hospitalization, sub grouped by 740 

exposure type 741 

Figure 4: Forest Plot of odds ratios for asthma related readmission, sub grouped by exposure 742 

type 743 
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Figure E1: Search terms used in the Web of Science database 20 

Identical terms were used to search the Embase and Medline databases. 21 

 22 

TS= (asthma)

AND

TS= (socioeconomic* OR sociodemographic OR SES OR psychosocial OR income OR 

salary OR poverty OR *employ* OR “social class” OR disadvantage* OR depriv* OR 

insur* OR “managed care”) 

AND

TS= (mortality OR death* OR morbidity OR exacerbat* OR vent* OR “emergency 

department” OR ED OR (accident near/2 emergency) OR A&E OR readmission* OR 

hospitali?ation OR admission* OR “primary care” OR GP OR “general pract*” OR 

*attend* or consult* or utili*)
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Table E1: List of data fields collected during data extraction. 23 

Study details Categorical variable options 

Country   

Sample size   

Cohort description   

Data collection setting General practice, hospitalization records, ED records, 

secondary care, tertiary care, insurance database, 

general population, other 

Data collection period   

Study design Case control, cohort, cross-sectional 

Mean Age (SD/SE)   

Age range   

Percentage males   

ICS (%)   

OCS (%)   

Severe asthma (%)   

Asthma severity of group Not disclosed, mild, moderate, severe, other 

FEV1 average     

Study comparison data Categorical variable options 

Exposure SES, income, poverty, employment, occupation, 

education, social class, deprivation, insurance 

How groups were compared (e.g. low 

income vs high income) 

  

Reference group summary   

Estimate group summary   

For continuous exposures what an increase 

in 1 unit represents 

  

Outcome Mortality, exacerbations, ventilation / intubation, ED 

visit, hospitalization, readmission, primary care 

attendance 

Statistical method used Odds ratio, risk ratio, hazard ratio, chi squared 

How the outcomes were compared (e.g. 

odds of hospital admission vs not) 

  

Estimate   

Lower CI   

Upper CI   

Confidence level (%)   

P value   

Standard error   

Are estimates adjusted? Yes, no 

Variables adjusted for   

Were estimates calculated manually? Yes, no 

Outline how estimate was calculated   

24 
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Table E2: Exposure comparison groups for each study included in the meta-analysis. 25 

First author 

(Publication Year) 
Exposure Comparison Outcome 

Davidson (1994) Insurance Medicaid vs private insurance ED Visit 

Insurance Medicaid vs private insurance Hospitalization 

Stoddard (1994) Income <100% poverty level vs >= 400% of the poverty level Primary Care Attendance 

Insurance Uninsured vs insured Primary Care Attendance 

LeSon (1995a) Education Little formal parental education vs assumed significant formal parental education Ventilation / Intubation 

SES Low SES vs assumed moderate/high SES Ventilation / Intubation 

LeSon (1995b) Education Little formal education vs assumed significant formal education Ventilation / Intubation 

SES Low SES vs assumed moderate/high SES Ventilation / Intubation 

LeSon (1995c) Education Little formal education vs assumed significant formal education Ventilation / Intubation 

SES Low SES vs assumed moderate/high SES Ventilation / Intubation 

Boulet (1996) Income Low vs high income ED Visit 

Education Primary vs University Education ED Visit 

Employment Unemployed vs employed ED Visit 

LeSon (1996) Employment Unemployed vs employed Ventilation / Intubation 

SES Low SES vs assumed high SES Ventilation / Intubation 

Education Little formal education vs assumed significant formal education Ventilation / Intubation 

Mowat (1998) Deprivation High vs low deprivation ED Visit 

Deprivation High vs low deprivation Primary Care Attendance 

Deprivation High vs low deprivation Hospitalization 

Adams (2000) Employment Unemployed vs employed Hospitalization 

Employment Unemployed vs employed ED Visit 

Education  <=10 years vs >10 years of education Hospitalization 

Education  <=10 years vs >10 years of education ED Visit 

Finkelstein (2000) Insurance Medicaid vs non-Medicaid (commercial payers) Hospitalization 

Insurance Medicaid vs non-Medicaid (commercial payers) ED Visit 

Stanford (2000) Insurance Indemnity vs managed care Hospitalization 

Bair (2001) Education Less than high school education vs graduate/professional education ED Visit 

Insurance Medicaid vs non-Medicaid ED Visit 

Eisner (2001) Education Educational attainment in years Hospitalization 

Income Household income per $10,000 decrement Hospitalization 
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Ferris (2001) Insurance Medicaid vs Indemnity Hospitalization 

Insurance Medicaid vs Indemnity Ventilation / Intubation 

Ortega (2001) Insurance Medicaid vs Private insurance Hospitalization 

Insurance Medicaid vs Private insurance ED Visit 

Al-Dawood (2002) SES Lower vs upper socioeconomic class ED Visit 

Amre (2002) Occupation Fathers Occupational Group 4 (Students and unemployed) vs 1 (Highest economic category) ED Visit 

Occupation Fathers Occupational Group 4 (Students and unemployed) vs 1 (Highest economic category) Hospitalization 

Occupation Fathers Occupational Group 4 (Students and unemployed) vs 1 (Highest economic category) Primary Care Attendance 

Bloomberg (2003) Insurance Medicard or self-pay vs Commercial Readmission 

Spurrier (2003) Education Tertiary qualifications vs some years of high school ED Visit 

Occupation Parental occupational prestige score ED Visit 

Ather (2004) Insurance Medicaid vs indemnity Readmission 

Chen (2004) Income <$15,000 vs $30,000+ average personal income Readmission 

Pesola (2004) Education At least high school education vs less than high school education ED Visit 

Education At least high school education vs less than high school education Hospitalization 

Insurance Insured vs uninsured ED Visit 

Insurance Health insurance present vs absent Hospitalization 

Employment Employed vs unemployed ED Visit 

Employment Employed vs unemployed Hospitalization 

Barton (2005) Employment Unemployed vs employed Mortality 

Grant (2005) Education High school or less vs some college or more Hospitalization 

Education High school or less vs some college or more ED Visit 

Lasmar (2006) Education 0-3 years educational level of mother vs >3 years Readmission 

Income Income <= 3 times the minimum wage vs > 3 times the minimum wage Readmission 

Meng (2006) Income Low vs high income ED Visit 

Insurance Medicaid/other public insurance vs employment based or private insurance ED Visit 

Education Less than high school vs College or greater ED Visit 

Van der Merwe 

(2006) 

Income No formal income vs formal income Hospitalization 

DeWalt (2007) Income Household annual income <$15,000 vs =>$15,000 ED Visit 

Education <= 12th grade vs >12th grade ED Visit 

Income Household annual income <$15,000 vs =>$15,000 Hospitalization 

Education <= 12th grade vs >12th grade Hospitalization 

Forbes (2007) Deprivation 4th Quartile of Townsend deprivation score vs 1st ED Visit 

Horner (2008) Insurance Health insurance vs no insurance Hospitalization 
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Peters (2008) Insurance Medicaid vs non-Medicaid Hospitalization 

Insurance Medicaid vs non-Medicaid ED Visit 

To (2008) Income Low SES vs (assumed) high SES ED Visit 

Income Low SES vs (assumed) high SES Exacerbation 

Kim (2009) Insurance Public vs private insurance ED Visit 

Education Low vs high education ED Visit 

Income family income <100% of the poverty line vs >= 400% of the poverty line ED Visit 

Liu (2009) Insurance Public vs private insurance Readmission 

Wright (2009) Insurance Employer based insurance vs not ED Visit 

Carroll (2010) Insurance Public vs private insurance Readmission 

Piper (2010) Income Income >$20,000 vs <$20,000 Primary Care Attendance 

Insurance Public vs private insurance Primary Care Attendance 

Lutfiyya (2011) SES Low vs high SES Primary Care Attendance 

SES Low vs high SES Exacerbation 

SES Low vs high SES ED Visit 

Zejda (2012) Education Parental education high school or more vs less Hospitalization 

Auger (2013) Insurance Medicaid vs private Readmission 

Education Maternal education < high school vs >=4 years college degree Readmission 

Income Total annual household income <$14,999 vs >$90,000 Readmission 

Roberts (2013) Deprivation Most vs least deprived Mortality 

Rodriguez-Martinez 

(2013) 

Education College, university or higher vs primary Readmission 

Chang (2014) Insurance Private insurance vs Medicaid Hospitalization 

Insurance Private insurance vs Medicaid ED Visit 

Kenyon (2014) Insurance Public vs private insurance Readmission 

To (2014) Deprivation Most vs least deprived Mortality 

Kaur (2015) Income Lowest vs highest median household income quartile Ventilation / Intubation 

Income Highest vs lowest income quartile Mortality 

Insurance Medicare/Medicaid vs Private Ventilation / Intubation 

Insurance Private including HMO vs Medicare/Medicaid Mortality 

Dilokthornsakul 

(2016) 

Insurance Civil Servant Medical Benefit Scheme(CSMBS) vs Universal Coverage Scheme(UC scheme) Hospitalization 

Hasegawa (2016) Insurance Public vs private insurance ED Visit 

Insurance Public vs private insurance Hospitalization 

Insurance Public vs private insurance Ventilation / Intubation 
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Yan (2016) Education Middle and lower school education level vs high school or university and higher Exacerbation 

Income Income lower vs higher than Per Capita Disposable income Exacerbation 

Backman (2017) Occupation Professionals and executives vs manual workers in service Mortality 

Xie (2017) Insurance Medicaid vs Private Insurance Exacerbation 

Zhang (2017) Income High vs low income ED Visit 

Education College graduate vs <= high school education ED Visit 

Grunwell (2018) Poverty Residing in a region with a higher vs lower percentage of residents having income below the 

poverty line 

Hospitalization 

Mazalovic (2018) Education Education higher than a bachelor’s degree vs lower Exacerbation 

Occupation Skilled vs unskilled occupation Exacerbation 

SES Medium/High vs Low SES Hospitalization 

Gushue (2019) Education Higher education vs high school or less Exacerbation 

  Insurance Continuous public vs continuous private insurance Exacerbation 

Jroundi (2019) Income First vs Forth quartile Readmission 

Insurance Medicaid vs private insurance Readmission 

Seibert (2019) Income Regression on income categories: <15k, 15-29,999, 30k-50k, >50k Hospitalization 

Income Regression on income categories: <15k, 15-29,999, 30k-50k, >50k ED Visit 

Shechter (2019) Insurance Private insurance vs Medicaid ED Visit 

Sullivan (2019) Insurance Medicaid vs private insurance Exacerbation 

Education Parents education < vs >= high school Exacerbation 

Income Poor vs high income Exacerbation 

26 
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Table E3: Quality Ratings of all studies included in the meta-analysis, broken down by individual exposure-outcome pairings. (Y=Yes, 27 

N=No) 28 

Cohort Studies 

   
Selection Comparability Outcomes 

Quality 

Rating Study Exposure Outcome 

Representative- 

ness Selection 

Exposure 

Ascertainment 

Outcome not 

present at 

start of 

study Comparability 

Outcome 

Assessment 

Sufficient 

follow-up 

period 

Adequacy 

of follow-

up 

Leson (1995a) Edu Int Y Y N Y N Y Y Y Poor 

SES Int Y Y N Y N Y Y Y Poor 

Leson (1995b) Edu Int Y Y N Y N Y Y Y Poor 

SES Int Y Y N Y N Y Y Y Poor 

LeSon (1995c) Edu Int Y Y Y Y N Y Y Y Poor 

SES Int Y Y Y Y N Y Y Y Poor 

LeSon (1996) Edu Int Y Y N Y N Y Y Y Poor 

Emp Int Y Y N Y N Y Y Y Poor 

SES Int Y Y N Y N Y Y Y Poor 

Mowat (1998) Dep ED Y Y Y Y N Y Y Y Poor 

Dep Hosp Y Y Y Y N Y Y Y Poor 

Dep PC Y Y Y Y N Y Y Y Poor 

Adams (2000) Edu ED Y Y Y Y N Y Y Y Poor 

Edu Hosp Y Y Y Y N Y Y Y Poor 

Emp ED Y Y Y Y N Y Y Y Poor 

Emp Hosp Y Y Y Y N Y Y Y Poor 

Finkelstein 

(2000) 
Ins ED Y Y Y N Y Y Y Y Good 

Ins Hosp Y Y Y N Y Y Y Y Good 

Stanford (2000) Ins Hosp Y Y Y Y N Y Y Y Poor 

Eisner (2001) Edu Hosp Y Y Y Y Y N Y Y Good 

Inc Hosp Y Y Y Y Y N Y Y Good 

Ferris (2001) Ins Hosp Y Y Y Y N Y Y Y Poor 

Ins Int Y Y Y Y N Y Y Y Poor 
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Ortega (2001) Ins ED Y Y Y Y Y N Y Y Good 

Ins Hosp Y Y Y Y Y N Y Y Good 

Amre (2002) Occ ED Y Y Y Y N N Y Y Poor 

Occ Hosp Y Y Y Y N N Y Y Poor 

Occ PC Y Y Y Y N N Y Y Poor 

Bloomberg 

(2003) Ins ReAd 
Y Y Y Y N Y Y Y 

Poor 

Spurrier (2003) Edu ED Y Y N Y N N Y Y Poor 

Occ ED Y Y N Y N N Y Y Poor 

Ather (2004) Ins ReAd Y Y Y Y Y Y Y Y Good 

Chen (2004) Inc ReAd Y Y Y Y N Y Y Y Poor 

Pesola (2004) Edu ED Y Y Y Y Y N Y Y Good 

Edu Hosp Y Y Y Y Y N Y Y Good 

Emp ED Y Y Y Y Y N Y Y Good 

Emp Hosp Y Y Y Y Y N Y Y Good 

Ins ED Y Y Y Y Y N Y Y Good 

Ins Hosp Y Y Y Y Y N Y Y Good 

Lasmar (2006) Edu ReAd Y Y N Y N Y Y Y Poor 

Inc ReAd Y Y N Y N Y Y Y Poor 

DeWalt (2007) Edu ED Y Y Y Y N N Y Y Poor 

Edu Hosp Y Y Y Y N N Y Y Poor 

Inc ED Y Y Y Y N N Y Y Poor 

Inc Hosp Y Y Y Y N N Y Y Poor 

Peters (2008) Ins ED N Y Y Y N N Y Y Poor 

Ins Hosp N Y Y Y N N Y Y Poor 

To (2008) Inc ED Y Y Y Y Y N Y Y Good 

Inc Ex Y Y Y Y Y N Y Y Good 

Liu (2009) Ins ReAd Y Y Y Y Y Y Y Y Good 

Carroll (2010) Ins ReAd Y Y Y Y N Y Y Y Poor 

Auger (2013) Edu ReAd Y Y Y Y N Y Y Y Poor 

Inc ReAd Y Y Y Y N Y Y Y Poor 

Ins ReAd Y Y Y Y N Y Y Y Poor 

Roberts (2013) Dep Mort Y Y Y Y Y Y Y Y Good 

Rodriguez-

Martinez 

(2013) Edu ReAd 
Y Y Y Y N Y Y Y 

Poor 
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Chang (2014) Ins ED Y Y Y Y N Y Y Y Poor 

Ins Hosp Y Y Y Y N Y Y Y Poor 

Kenyon (2014) Ins ReAd Y Y Y Y Y Y Y Y Good 

To (2014) Dep Mort Y Y Y Y Y Y Y Y Good 

Kaur (2015) Inc Mort Y Y Y Y Y Y Y Y Good 

Inc Int Y Y Y Y N Y Y Y Poor 

Ins Mort Y Y Y Y Y Y Y Y Good 

Ins Int Y Y Y Y N Y Y Y Poor 

Dilokthornsakul 

(2016) Ins Hosp 
Y Y Y Y Y Y Y Y 

Good 

Hasegawa 

(2016) 
Ins ED Y Y Y Y Y Y Y Y Good 

Ins Hosp Y Y Y Y N Y Y Y Poor 

Ins Int Y Y Y Y N Y Y Y Poor 

Backman 

(2017) Occ Mort 
Y Y Y Y N Y Y Y 

Poor 

Mazalovic 

(2018) 
Edu Ex N Y N Y N N Y Y Poor 

Occ Ex N Y N Y N N Y Y Poor 

SES Hosp N Y N Y N N Y Y Poor 

Jroundi (2019) Inc ReAd Y Y Y Y Y Y Y Y Good 

Ins ReAd Y Y Y Y Y Y Y Y Good 

Seibert (2019) Inc ED Y Y N Y N N Y N Poor 

Inc Hosp Y Y N Y N N Y N Poor 
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Cross Sectional Studies 

   
Selection Comparability Exposures 

   

Study Exposure Outcome 

Representative- 

ness Sample size 

Response 

rate 

Exposure 

Ascertainment Comparability 

Outcome 

Assessment 

Statistical 

test 

Quality 

Rating  
Davidson 

(1994) 
Ins ED Y Y N N N Y Y Poor  

Ins Hosp Y Y N N N Y Y Poor  
Stoddard 

(1994) 
Inc PC Y Y N Y Y Y Y Good  

Ins PC Y Y N Y Y Y Y Good  
Bair (2001) Edu ED Y Y Y Y Y Y Y Good  

Ins ED Y Y Y Y Y Y Y Good  
Al-Dawood 

(2002) SES ED 
Y Y Y Y N Y Y 

Poor  
Grant (2005) Edu ED Y Y N Y N Y N Poor  

Edu Hosp Y Y N Y N Y N Poor  
Meng (2006) Edu ED Y Y Y Y N Y Y Poor  

Inc ED Y Y Y Y N Y Y Poor  

Ins ED Y Y Y Y Y Y Y Good  
Horner 

(2008) Ins Hosp 
Y Y N Y N Y Y 

Poor  
Kim (2009) Edu ED Y Y N Y N Y Y Poor  

Inc ED Y Y N Y Y Y Y Good  

Ins ED Y Y N Y N Y Y Poor  
Wright 

(2009) Ins ED 
Y Y N Y N Y Y 

Poor  
Piper (2010) Inc PC Y Y N Y Y Y Y Good  

Ins PC Y Y N Y Y Y Y Good  
Lutfiyya 

(2011) 
SES ED Y Y N Y N Y Y Poor  

SES Ex Y Y N Y N Y Y Poor  

SES PC Y Y N Y N Y Y Poor  
Zejda (2012) Edu Hosp Y Y N Y Y Y Y Good  
Yan (2016) Edu Ex Y Y N Y N Y Y Poor  

Inc Ex Y Y N Y N Y Y Poor  
Zhang (2017) Edu ED Y Y N Y N Y Y Poor  

Inc ED Y Y N Y N Y Y Poor  
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Gushue 

(2019) 
Edu Ex Y Y N Y Y Y Y Good  

Ins Ex Y Y N Y Y Y Y Good  
Sullivan 

(2019) 
Edu Ex Y Y N Y N Y N Poor  

Inc Ex Y Y N Y N Y N Poor  

Ins Ex Y Y N Y N Y N Poor  

            

            
Case Control Studies 

   
Selection Comparability Outcomes 

 

Study Exposure Outcome Case Definition 

Representative- 

ness 

Control 

Selection 

Control 

Definition Comparability 

Exposure 

Ascertainment 

Consistent 

between 

cases and 

controls 

Non-

Response 

rate 

Quality 

Rating 

Boulet 

(1996) 
Edu ED Y Y N Y Y N Y Y Good 

Emp ED Y Y N Y Y N Y Y Good 

Inc ED Y Y N Y Y N Y Y Good 

Barton 

(2005) Emp Mort 
Y Y N Y N N N N 

Poor 

Van der 

Merwe 

(2006) Inc Hosp 
Y Y N Y N Y Y N 

Poor 

Forbes 

(2007) Dep ED 
Y Y Y Y Y Y Y N 

Good 

Xie (2017) Ins Ex Y Y N Y Y Y Y Y Good 

Grunwell 

(2018) Pov Hosp 
Y Y N Y N Y Y Y 

Poor 

Shechter 

(2019) Ins ED 
Y N N Y Y Y Y Y 

Fair 
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Table E4: Variables adjusted for in each study (Y=Yes, N=No) 30 

Study Name Exposure Outcome 
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Additional Variables Adjusted For 

Shechter (2019) 

Ins ED 
Y Y Y Y N Y N N N N N N N N N 

Distance from hospital, Presence of 

asthma action plan, Spanish speaking 

Gushue (2019) Ins Ex Y Y Y N N N N N N N N N N N N Born in the USA, Health Status, 

Household Structure, USA census 

region Edu Ex 
Y Y Y N N N N N N N N N N N N 

Jroundi (2019) SES ReAd Y Y Y N N N N N N Y N N N N N   

Ins ReAd Y Y Y N N N N N N Y N N N N N   

Seibert (2019) SES ED N Y Y Y N N N N N N N N N N N Year/Season of interview 

SES Hosp N Y Y Y N N N N N N N N N N N 

Grunwell (2018) SES Hosp Y N Y N Y N Y Y N N N N N N Y   

Xie (2017) Ins Ex Y Y Y Y N N N N N N N N N N N BMI 

Yan (2016) SES Ex N N N N Y Y Y N N N Y N N N N FEV1 less than 50% before discharge, 

Mean ACT score of 15 or less in 1 

year follow-up Edu Ex 
N N N N Y Y Y N N N Y N N N N 

Dilokthornsakul 

(2016) Ins Hosp 
Y Y  N Y Y N Y N N N N N N N 

 

Hasegawa (2016) Ins ED Y Y Y N N N Y N N N N N N N N   

Kaur (2015) SES Mort Y Y Y N N N N N N N N N N N N Admission day (weekday/weekend), 

Hospital region, Quartile month, 

Teaching vs non-teaching hospital Ins Mort 
Y Y Y N N N N N N N N N N N N 

Kenyon (2014) 

Ins ReAd 

Y Y Y N N Y Y N N Y N N N N N 

Complex chronic condition, Home 

disposition, Hospital admission rate 

performance 

To (2014) SES Mort Y Y N N N N N N N N Y N N N N 
 

Auger (2013) Ins ReAd Y N Y N N Y N N N N N N N N N   

Edu ReAd Y N Y N N Y N N N N N N N N N   

SES ReAd Y N Y N N Y N N N N N N N N N   

Roberts (2013) SES Mort Y Y N N N N N Y N N N N N N N Year 
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Rodriguez-Martinez 

(2013) 

Edu ReAd 

Y N N Y N Y Y N Y N N N N N N 

Maternal allergic rhinitis, Score of 

asthma knowledge questionnaire, 

Score of ZSDS 

Zejda (2012) 

Edu Hosp 

Y Y N N N N N N N N Y N N N N 

Lung disease or allergy in parents, 

Number of asthma attacks in the past 

year, Number of siblings 

Piper (2010) SES PC Y Y Y N N N N N N N N N N N N Health status, Region 

Ins PC Y Y Y N N N N N N N N N N N N 

Kim (2009) 

SES ED 

Y Y N N N N N N N N N N N N N 

Family size, Region of residence, 

Residence in metropolitan statistical 

area 

Liu (2009) 

Ins ReAd 

Y Y Y N N N N N N Y N N Y N N 

Same zip code as hospital, Season of 

index hospitalization, Year of index 

hospitalization 

Wright (2009) 

Ins ED 

N N N N N N N N N N N N N N N 

Family type, If current condition 

limits activities, Level of symptoms 

in the last 12 months 

To (2008) SES Ex Y Y N N N N N N N N N N N N N Cold/sinus infection as trigger, had 

acute asthma episodes in the last 6 

months, Had walk-in clinic visit in 

the past year, Wash bed linen in hot 

water weekly SES ED 

Y Y N N N N N N N N N N N N N 

Horner (2008) Ins Hosp N Y N N N N N N N N N N N Y N 
 

DeWalt (2007) Edu Hosp Y N Y Y Y Y N N N N N N N N N Parental asthma knowledge, Site of 

care SES Hosp Y N Y Y Y Y N N N N N Y N N N 

Edu ED Y N Y Y Y Y N N N N N N N N N 

SES ED Y N Y Y Y Y N N N N N Y N N N 

Forbes (2007) SES ED Y Y Y N N N N N N N N N N N N 
 

Meng (2006) 

Ins ED 

Y Y Y Y N N N N N N Y N N N N 

English proficiency, Frequency of 

asthma symptoms, Reason for delay 

in asthma care, Self-reported health 

status, Usual source of care 

Chen (2004) 

SES ReAd 
Y N N N N N N N N Y N N N N N 

Percentage of EA population with 

University degree, Province 

Ather (2004) Ins ReAd Y Y N N N N N N N N N N N N N   

Pesola (2004) Edu Hosp Y Y N Y Y N Y N Y N N N N N N Daily use of peak flow meter, 

Duration of asthma, Living with 

spouse/significant other 
Emp Hosp Y Y N Y Y N Y N Y N N N N N N 

Ins Hosp Y Y N Y Y N Y N Y N N N N N N 

Ins ED Y Y N Y Y N Y N Y N N N N N N 

Edu ED Y Y N Y Y N Y N Y N N N N N N 

Emp ED Y Y N Y Y N Y N Y N N N N N N 
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Amre (2002) Emp Hosp N Y N Y N Y N N N N N N N N N Age of mother at childbirth, 

Hospitalization at first diagnosis, 

Routine follow-up physician visits for 

control of asthma Emp ED 
N Y N Y N Y N N N N N N N N N 

Eisner (2001) Edu Hosp Y Y Y Y Y N Y N N N N N N N N Gastric acid suppression medication, 

Aspirin allergy history, Atopic history SES Hosp Y Y Y Y Y N Y N N N N N N N N 

Ferris (2001) 

Ins Hosp 
N N Y N Y Y N Y N N N N N N N 

Duration of symptoms, O2 saturation, 

Pulmonary index score 

Bair (2001) Ins ED Y Y Y N Y N N Y N N N N N N N Mental and physical health score, 

Reported access problems Edu ED Y Y Y N Y N N Y N N N N N N N 

Ortega (2001) Ins ED Y Y N N Y Y N N N N N N N N N Frequency of asthma-related primary 

care visits in the last year, Practice 

type of primary provider Ins Hosp 
Y Y N N Y Y N N N N N N N N N 

Stanford (2000) Ins Hosp Y N N N N N N Y N N N N N N N 
 

Finkelstein (2000) Ins ED Y Y N N N N N N N N N N N N N   

Ins Hosp Y Y N N N N N N N N N N N N N   

Boulet (1996) Edu ED Y Y N Y N Y N N N N N N N N N Atopy, Duration of asthma 

Emp ED Y Y N Y N Y N N N N N N N N N 

SES ED Y Y N Y N Y N N N N N N N N N 

Stoddard (1994) Ins PC Y Y Y N N N N N N N N N N N N Family size, Population density, 

Region SES PC Y Y Y N N N N N N N N N N N N 

Abbreviations: ED (ED Visit), Ex (Exacerbation), Hosp (Hospitalization), Mort (Mortality), PC (Primary Care Attendance), ReAd 31 

(Readmission), Int (Ventilation / Intubation), SES (Socioeconomic status), Emp (Employment), Edu (Education), Ins (Insurance), ED Rec (ED 32 

Records), Gen Pop (General Population), Gen Prac (General Practice), Hosp Rec (Hospitalization Records), Ins (Insurance Database), Sec Care 33 

(Secondary Care), Ter Care (Tertiary Care), NR (not reported), NS (not specified)34 
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Figure E2: Funnel plot for data included in the emergency department visit meta-35 

analysis. 36 

37 
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Figure E3: Funnel plot for data included in the hospitalization meta-analysis. 38 

39 
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Figure E4: Funnel plot for data included in the readmission meta-analysis. 40 

 41 
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Figure E5: Forest Plot of odds ratios for asthma related Primary Care Attendance, sub 42 

grouped by exposure type 43 

 44 
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Figure E6: Forest Plot of odds ratios for asthma related Ventilation / Intubation, sub 45 

grouped by exposure type 46 

 47 
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Figure E7: Forest Plot of odds ratios for asthma related Exacerbations, sub grouped by 48 

exposure type 49 

 50 
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Figure E8: Forest Plot of odds ratios for asthma related Mortality, sub grouped by 51 

exposure type 52 
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Table E5: Leave-one-out meta-analysis summary 54 

Outcome 
Primary analysis 

estimate (95% CI) 

Minimum 

estimate (95% CI) 

Maximum 

estimate (95% CI) 
 

Health Care Utilization     

Primary Care Attendance 0.79 (0.51, 1.24) 0.72 (0.43, 1.19) 1.00 (1.00, 1.00)  

ED Visit 1.61 (1.40, 1.84) 1.54 (1.35, 1.77) 1.67 (1.47, 1.89)  

Hospitalization 1.63 (1.34, 1.99) 1.54 (1.28, 1.85) 1.70 (1.37, 2.11)  

Readmission 1.31 (1.19, 1.44) 1.27 (1.16, 1.40) 1.34 (1.24, 1.45)  

Ventilation / Intubation 1.76 (1.13, 2.73) 1.51 (1.00, 2.28) 2.09 (1.22, 3.57)  

Exacerbations and Mortality     

Exacerbations 1.18 (0.98, 1.42) 1.08 (0.77, 1.52) 1.24 (1.05, 1.46)  

Mortality 1.12 (0.92, 1.37) 0.99 (0.88, 1.12) 1.24 (1.07, 1.44)  
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Table E6: Subgroup Analyses for exacerbations, mortality, primary care attendance and ventilation / intubation 56 

Subgroup 
Primary Care Attendance  Exacerbations  Ventilation / Intubation  Mortality 

N OR (95% CI's) I2 p  N OR (95% CI's) I2 p  N OR (95% CI's) I2 p  N OR (95% CI's) I2 p 

Exposure Group       0.370        0.054        0.058         0.467 

SES 4 0.82 (0.52, 1.30) 96.3  4 1.16 (0.74, 1.80) 79.4  5 2.49 (1.17, 5.33) 85.4  3  1.10 (0.87, 1.39)  79.3 

Employment & Education 1 0.48 (0.10, 2.40) N/A  1 0.49 (0.17, 1.42) N/A      2 1.22 (0.79, 1.87) 0.0 
Insurance        2 1.19 (1.05, 1.35) 0.0  2 1.09 (0.49, 2.45) 70.5        

Age       <0.001        0.014        0.066        N/A 

Adult 1 1.00 (1.00, 1.00) N/A  3  1.35 (0.70, 2.58)  75.4  1 1.51 (1.10, 2.09) N/A  1 1.10 (0.85, 1.42) N/A 

Pediatric 2 0.52 (0.45, 0.60) 0.0  1 0.51 (0.24, 1.08) N/A  1 0.65 (0.28, 1.51) 100.0        

Time period       <0.001        0.014        <0.001         0.229 

Pre-2010 3 0.71 (0.35, 1.42) 74.9  1 0.51 (0.24, 1.08) N/A  5 2.40 (1.13, 5.08) 71.0  1 1.94 (0.70, 5.38) N/A 

Post-2010 2 1.00 (1.00, 1.00) 0.0  6  1.24 (1.05, 1.46)  65.5  2 1.20 (0.81, 1.77) 83.5  4  1.10 (0.90, 1.34)  69.1 

Healthcare System       <0.001        0.014        N/A         0.003 

Insurance based 3 1.00 (1.00, 1.00) 0.0  6 1.24 (1.05, 1.46)  65.5  7 1.76 (1.13, 2.73) 82.5  1  0.94 (0.84, 1.05) N/A 

Universal Government Funded 2 0.52 (0.45, 0.60) 0.0  1 0.51 (0.24, 1.08) N/A         4 1.24 (1.07, 1.44) 0.0 

Data Collection Setting    0.370     0.123     N/A      0.003 

General Population 4 0.82 (0.52, 1.30) 96.3  4 1.11 (0.83, 1.49)  57.2      3 1.32 (1.10, 1.58) 0.0 
Secondary / Tertiary Care 1 0.48 (0.10, 2.40) N/A  3 1.20 (0.60, 2.39) 82.1  7 1.76 (1.13, 2.73) 82.5  2  0.97 (0.86, 1.11)  18.2 
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Figure E9: Gini coefficient vs effect estimate for hospitalization by country 58 

 59 

r = 0.00, p = 1.000 
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