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Abstract

Objective: Emergency department length of stay (EDLOS) is linked to crowding and

patient outcomes whereas worse prognosis in low socioeconomic status remains

poorly understood.We studiedwhether incomewas associatedwith ED process times

among patients with chest pain.

Methods: This was a registry-based cohort study on 124,980 patients arriving at

14 Swedish EDs between 2015 and 2019 with chest pain as their chief complaint.

Individual-level sociodemographic and clinical data were linked frommultiple national

registries. The associations between disposable income quintiles, whether the time

to physician assessment exceeded triage priority recommendations as well as EDLOS

were evaluated using crude and multivariable regression models adjusted for age,

gender, sociodemographic variables, and ED-management circumstances.

Results: Patients with the lowest income were more likely to be assessed by physi-

cian later than triage recommendations (crude odds ratio [OR] 1.25 (95% confidence

interval [CI] 1.20–1.29) and have an EDLOS exceeding 6 h (crude OR 1.22 (95%

CI 1.17–1.27). Among patients subsequently diagnosed with major adverse cardiac

events, patients with the lowest income were more likely to be assessed by a physi-

cian later than triage recommendations, crudeOR1.19 (95%CI 1.02–1.40). In the fully

adjusted model, the average EDLOS was 13 min (5.6%) longer among patients in the

lowest income quintile, 4:11 [h:min], (95% CI 4:08–4:13), compared to patients in the

highest income quintile, 3:58 (95%CI 3:56–4:00).

Conclusions: Among ED chest pain patients, low income was associated with longer

time to physician than recommended by triage and longer EDLOS. Longer process

times may have a negative impact due to crowding in the ED and delay diagnosis and

timely treatment of the individual patient.
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The Bottom Line

This study investigated whether low socioeconomic status

was associated with longer process times in the emergency

department among patients with chest pain. Patients with

the lowest income were 25% more likely to be seen by a

physician later than the time recommended by triage and

22% more likely to have a length of stay over 6 hours

compared to those with the highest income.

1 INTRODUCTION

1.1 Background

Chest pain is one of the most common chief complaints at the

emergency department (ED).1–2 Underlying medical urgencies include

acute coronary syndrome (ACS), aortic dissection, and pulmonary

embolism—conditions that require timeliness in diagnosis and treat-

ment in the ED.3–4 ED crowding is a globally growing phenomenon

with clear negative consequences for both patients and health care

workers.5–7 ED crowding is associated with longer ED length of stay

(EDLOS) regardless of the chief complaint as well as with inpatient

mortality.1,8 A longer EDLOS may result in delay of diagnosis and,

consequently, of treatment and admission to in-hospital care.

Low socioeconomic status (SES) has consistently been associated

with unfavorable health in general.9–10 In people with lower SES,

conventional risk factors for cardiovascular disease (CVD), such as

smoking, diabetesmellitus, hyperlipidemia, andhypertension, aremore

common.10–14 Low SES is also associated with incident cardiovascular

events,9,11,15 pulmonary embolism,16 and higher mortality after per-

cutaneous coronary intervention12 as well as aortic dissection.17 Low

SES is also linked to patient delay in seeking care until more severe

symptoms of CVD occur.18

1.2 Importance

Because longer ED waiting times are linked to worse outcomes it is

important to study whether ED process times are associated with

individual-level SES in unselected chest pain patients in a tax-financed

health care system.

1.3 Objective

The primary objective of this study was therefore to investigate

whether SES (by the proxy disposable income) is associated with time

to physician assessment and EDLOS in ED patients with chest pain as

their chief complaint.

2 METHODS

2.1 Study design and setting

This was a retrospective cohort study in a tax-financed health care

system based on the national quality register of EDs in Sweden, SVen-

ska AkutvårdsRegistret (SVAR).19 SVAR contains data from 14 EDs

across 4 Swedish counties, including both larger regional hospitals

and smaller county hospitals. Data from the electronic health care

records of the participating hospitals are continuously exported to

SVAR. We linked SVAR-data to Swedish national registers managed

by the Swedish National Board of Health and Welfare and Statistics

Sweden that are further described in the Supplemental Methods. The

studywas approved by theRegional Ethics ReviewBoard in Stockholm,

Sweden (dnr 2018/1373-31/1) and comply with the Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE)

guidelines.20

2.2 Selection of participants

Patients above 30 years of age with chest pain as their chief complaint

who visited any of the 14 EDs in SVAR between January 1, 2015, and

December 31, 2019, were included. If an individual visited an EDmore

than once during the study period, only the first visit was included.

Chest pain patients below 30 years of age were not included because

serious underlying causes to chest pain are very uncommon in this

group.

2.3 Exposure

Data on individual-level disposable income, educational level, andmar-

ital status were collected from Statistics Sweden. Disposable income

per consumption unit was used as the primary measure of socioeco-

nomic status and was obtained from the year preceding the ED visit.

It was defined as the sum of income sources minus negative income

factors for all householdmembers divided by the number of household

membersweighted by consumptionweight. 21–22 The resulting individ-

ual incomewas finally divided into quintiles that were stratified by sex,

calendar year, and 4 age groups (30–49, 50–64, 65–79, and 80+ years)

to account for differences in income by sex and age. Quintile 1 had the

lowest annual income and quintile 5 had the highest annual income.

2.4 Sociodemographic variables

The educational categorieswere provided by Statistic Sweden andnar-

rowed down to 3 categories to be comparable tomost other countries:

compulsory (<10 years), upper secondary (10–12 years), and post-

secondary (>12 years) education. Marital status was categorized as

married (including registered partner) or not married. Country of ori-

gin was divided into Sweden, Nordic countries, Europe, Asia, Africa,

and America. Years from immigration to Sweden was divided into



HERLITZ ET AL. 3 of 9

0–2years, 2–5years, 5–10years, 10–20years, 20–30years, 30+years,

and native.

2.5 Outcomes

The outcomes studied were whether the time to physician assessment

exceeded triage recommendation and EDLOS. The time to physician

assessment was defined as time of arrival to time when the first physi-

cian signed up for the patient expressed inminutes. A time to physician

assessment that was 0 min or less was excluded (n = 2543 or 2.0%)

due to likely erroneous values. The first outcomewas defined as a time

to physician assessment exceeding triage recommendation, according

to the rapid emergency triage and treatment system (RETTS-A),23–24

for orange >20 min; for yellow >120 min; and for green >240 min.

Blue triage (no time defined) was not included. Patients triaged to

red (immediately) were not included in this analysis because the time

stampswere likely of insufficient quality to assess such short time peri-

ods (within 0min) and often recorded after leaving the ED. EDLOS,was

defined as the time fromarrival to the timeof departure rounded to the

nearestwholeminute.All patientswith anEDLOS thatwas0minor less

were excluded (n = 484 or 0.4%) as well as those with an EDLOS more

than 48 h (n = 24 or 0.02%) due to likely erroneous values.19 Patients

were categorized into having either a long EDLOS (≥6 h) or a normal

EDLOS (<6 h).

2.6 Covariates and descriptive data

Several variables describing relevant information on the ED visit were

collected fromSVAR.Arrivalmodewasdivided into3 categories: emer-

gencymedical service, walk-in, and other. Departurewas divided into 3

groups: admitted, walk-out to home, or other. Admitted was defined as

being admitted to another unit in the samehospital. The category other

included referrals to other form of care, to other hospitals, or patient

deaths. Time of arrival was divided into 3 categories: 08:00–15:59 (day

shift), 16:00–23:59 (evening shift), and 00:00–07:59 (night shift). The

14 hospitals in the studywere divided into regional or county hospitals

based on their resources and catchment areas as reflected by their ID

status in SVAR.

Data on comorbidities, cardiovascular risk factors, and major

adverse cardiac eventswere collected fromnational registersmanaged

by the Swedish National Board of Health and Welfare as described

in Supplementary methods. The data underlying this article cannot

be shared publicly due to the privacy of individuals that participated

in the study. The data will be shared on reasonable request to the

corresponding author.

2.7 Data analysis

Patient visit characteristics are presented by disposable income quin-

tile in frequency (percent) for categorical variables and asmean (SD) or

median (interquartile range) for continuous variables. Logistic regres-

sion was used to study the associations between the income quintiles

and the 2 binary outcomes: time to physician assessment exceeding

triage recommendation (yes/no) and EDLOS exceeding 6 h (yes/no).

The associations between the stratified income quintiles and the out-

comes were studied using 1 univariable and 2multivariable regression

models. A directed acyclic graph was used in building the multivari-

able models for estimates of bias-minimized total and direct effects,

respectively, between exposure and the outcomes (Figure S8). The

first multivariable regression model included age, sex, educational

level, marital status, country of origin, and years from immigration.

Age and sex were included as covariates because the stratification of

exposure by 4 age-groups and sex was assumed to not fully account

for possible confounding effects by age and sex on the association

between income-quintile and the outcomes. The second was further

adjusted for arrival mode, triage, time of visit, arrival weekday, and

cardiovascular risk factors. This group of mediators is referred to as

ED-management circumstances. The outcome variables EDLOS and

time to physician assessment were also studied as continuous vari-

ableswith the sameunivariable andmultivariable regressionmodels as

described They were found to be log-normally distributed and there-

fore logarithmic transformation was applied. Two-sided P values from

a 1-sample t test for linear regression are reported for each regres-

sion coefficient, where the null hypothesis is that the coefficient is

equal to zero. The obtained regression coefficients and their 95% con-

fidence intervals (CIs) were reported in forest plots. The following

formula was used to get an estimate of the predicted value on the

original time scale: [LOS/time to physician assessment] = exp(-cons)–

exp(-cons+[q]) for quintile q. Subgroup analyseswere performed in the

patients experiencing a major adverse cardiac event and in ED visits

to regional versus county hospitals separately. Analyses were con-

ducted using STATA version 16.1 (StataCorp, College Station, Texas,

USA).

3 RESULTS

3.1 Patient characteristics

During the study period, a total of 2,408,256 ED visits by 1,126,318

individual patients were registered in SVAR. Out of that population

there were 220,530 visits by 164,353 unique individuals with chest

pain as their chief complaint. A total of 19,374 individuals were

excluded due to missing information regarding mediators and con-

founders. Missing data are further described in Table S1. A total of

2397 individuals were excluded because their LOS was either >48 h,

or ≤0 h, and 17,597 individuals were excluded because their age

was <30 years. Further exclusion rendered a final study population

of 124,980 unique visits and individuals, as shown in Figure 1. The

characteristics of excluded and included patients are compared in

Table S7.

Study population characteristics by income quintiles are presented

in Table 1. High level of education and being married was more com-

mon in the higher income groups whereas arriving by emergency
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TABLE 1 Characteristics of emergency department-patients with chest pain by income quintiles.

Quintile 1 Quintile2 Quintile3 Quintile4 Quintile5

N= 25,011 N= 24,995 N= 24,999 N= 24,994 N= 24,981

Disposable income (kSEK)* 125 (93–143) 180 (164–201) 240 (211–268) 309 (271–347) 454 (383–569)

Sex

Female 12,431 (49.7%) 12,426 (49.7%) 12,424 (49.7%) 12,425 (49.7%) 12,417 (49.7%)

Age group

30–49 7289 (29.1%) 7285 (29.1%) 7285 (29.1%) 7285 (29.1%) 7280 (29.1%)

50–64 7,78 (29.5%) 7374 (29.5%) 7375 (29.5%) 7374 (29.5%) 7370 (29.5%)

65–79 7147 (28.6%) 7144 (28.6%) 7146 (28.6%) 7144 (28.6%) 7143 (28.6%)

80+ 3197 (12.8%) 3192 (12.8%) 3193 (12.8%) 3191 (12.8%) 3188 (12.8%)

Education‡

<10 years 9698 (38.8%) 7926 (31.7%) 5895 (23.6%) 4278 (17.1%) 2610 (10.4%)

10–12 years 9999 (40.0%) 11,534 (46.1%) 12,031 (48.1%) 11,097 (44.4%) 8747 (35.0%)

>12 years 5314 (21.2%) 5535 (22.1%) 7073 (28.3%) 9619 (38.5%) 13,624 (54.5%)

Marital status

Married 8716 (34.8%) 9901 (39.6%) 13,029 (52.1%) 15,065 (60.3%) 16,583 (66.4%)

Country of origin

Sweden 12,273 (49.1%) 15,885 (63.6%) 18,294 (73.2%) 19,885 (79.6%) 21,191 (84.8%)

Nordic countries 1222 (4.9%) 985 (3.9%) 940 (3.8%) 862 (3.4%) 717 (2.9%)

European Union 3205 (12.8%) 2699 (10.8%) 2392 (9.6%) 1890 (7.6%) 1415 (5.7%)

Africa 1195 (4.8%) 953 (3.8%) 494 (2.0%) 331 (1.3%) 177 (0.7%)

Asia 6498 (26.0%) 3887 (15.6%) 2412 (9.6%) 1635 (6.5%) 1162 (4.7%)

America 618 (2.5%) 586 (2.3%) 467 (1.9%) 391 (1.6%) 319 (1.3%)

Years from immigration

0–2 years 825 (3.3%) 237 (0.9%) 109 (0.4%) 68 (0.3%) 88 (0.4%)

2–5 years 1535 (6.1%) 615 (2.5%) 338 (1.4%) 223 (0.9%) 186 (0.7%)

5–10 years 1933 (7.7%) 1239 (5.0%) 766 (3.1%) 612 (2.4%) 490 (2.0%)

10–20 years 2819 (11.3%) 2051 (8.2%) 1496 (6.0%) 1080 (4.3%) 973 (3.9%)

20–30 years 2974 (11.9%) 2354 (9.4%) 1797 (7.2%) 1450 (5.8%) 1105 (4.4%)

30+ years 3387 (13.5%) 3136 (12.5%) 2782 (11.1%) 2434 (9.7%) 2185 (8.7%)

Arrival mode

Emergencymedical service 9257 (37.0%) 8617 (34.5%) 7542 (30.2%) 6742 (27.0%) 5867 (23.5%)

Walk-in 15,754 (63.0%) 16,378 (65.5%) 17,457 (69.8%) 18,252 (73.0%) 19,114 (76.5%)

Triage priority §

Blue 88 (0.4%) 86 (0.3%) 77 (0.3%) 78 (0.3%) 75 (0.3%)

Green 9660 (38.6%) 9516 (38.1%) 9908 (39.6%) 10,109 (40.4%) 10,007 (40.1%)

Yellow 8649 (34.6%) 9121 (36.5%) 9091 (36.4%) 9211 (36.9%) 10,070 (40.3%)

Orange 5823 (23.3%) 5545 (22.2%) 5240 (21.0%) 4985 (19.9%) 4297 (17.2%)

Red 791 (3.2%) 727 (2.9%) 683 (2.7%) 611 (2.4%) 532 (2.1%)

Time of visit

08:00–15:59 11,939 (47.7%) 12,676 (50.7%) 13,267 (53.1%) 13,256 (53.0%) 13,332 (53.4%)

16:00–23:59 8882 (35.5%) 8288 (33.2%) 7838 (31.4%) 7880 (31.5%) 8059 (32.3%)

00:00–07:59 4190 (16.8%) 4031 (16.1%) 3894 (15.6%) 3858 (15.4%) 3590 (14.4%)

Arrival day

Weekend 5986 (23.9%) 5756 (23.0%) 5547 (22.2%) 5545 (22.2%) 5623 (22.5%)

Weekday 19,025 (76.1%) 19,239 (77.0%) 19,452 (77.8%) 19,449 (77.8%) 19,358 (77.5%)

(Continues)
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TABLE 1 (Continued)

Quintile 1 Quintile2 Quintile3 Quintile4 Quintile5

N= 25,011 N= 24,995 N= 24,999 N= 24,994 N= 24,981

Type of hospital

County 13,314 (53.2%) 13,783 (55.1%) 13,983 (55.9%) 14,105 (56.4%) 14,195 (56.8%)

Region 11,697 (46.8%) 11,212 (44.9%) 11,016 (44.1%) 10,889 (43.6%) 10,786 (43.2%)

Departure

Admitted 8458 (33.8%) 8159 (32.6%) 7899 (31.6%) 7747 (31.0%) 7575 (30.3%)

Home 16,210 (64.8%) 16,538 (66.2%) 16,839 (67.4%) 17,010 (68.1%) 17,189 (68.8%)

Other 342 (1.4%) 298 (1.2%) 261 (1.0%) 237 (0.9%) 217 (0.9%)

Cardiovascular risk factors

Previous CVD ,834 (23.3%) 5543 (22.2%) 4984 (19.9%) 4532 (18.1%) 3938 (15.8%)

Diabetes 1 695 (2.8%) 555 (2.2%) 435 (1.7%) 389 (1.6%) 268 (1.1%)

Diabetes 2 3380 (13.5%) 2812 (11.3%) 2230 (8.9%) 1781 (7.1%) 1327 (5.3%)

Hypertension 10,045 (40.2%) 9863 (39.5%) 9568 (38.3%) 9248 (37.0%) 8756 (35.1%)

Hyperlipidemia 2694 (10.8%) 2618 (10.5%) 2433 (9.7%) 2256 (9.0%) 2013 (8.1%)

Obesity 1409 (5.6%) 1340 (5.4%) 1025 (4.1%) 840 (3.4%) 595 (2.4%)

Vital parameters

Systolic BP (mmHg)† 145 (25) 146 (25) 147 (24) 148 (24) 147(23)

Diastolic BP (mmHg)† 84 (14) 84 (14) 85 (14) 85 (14) 84 (14)

Respiratory rate (bpm)† 18 (4) 18 (4) 17 (3) 17 (3) 17 (3)

Heart rate (bpm)† 81 (18) 80 (18) 80 (18) 79 (18) 78 (18)

Temperature (C)† 36.8(0.7) 36.8 (0.6) 36.8 (0.6) 36.8 (0.6) 36.8 (0.6)

Saturation (%)* 98 (96–99) 98 (96–99) 98 (96–99) 98 (96–99) 98 (96–99)

Departure

Admitted 8458 (33.8%) 8159 (32.6%) 7899 (31.6%) 7747 (31.0%) 7575 (30.3%)

Home 16,210 (64.8%) 16,538 (66.2%) 16,839 (67.4%) 17,010 (68.1%) 17,189 (68.8%)

Other 342 (1.4%) 298 (1.2%) 261 (1.0%) 237 (0.9%) 217 (0.9%)

ED time variables

EDLOS> 6 h 6880 (27.5%) 6423 (25.7%) 6267 (25.1%) 6010 (24.0%) 5935 (23.8%)

Time to physician longer

than triage recommendation

9925 (39.7%) 9482 (37.9%) 9108 (36.4%) 8964 (35.9%) 8750 (35.0%)

Note: Data are presented as median (interquartile range)* or mean (SD)† for continuousmeasures, and n (%) for categorical measures. Income quintiles were

stratified by gender and age-groups. ‡Educational categories refer to compulsory (<10 years), upper secondary (10–12 years), and postsecondary (>12 years)

education. §Triage priority level based on the urgency of medical treatment according to the rapid emergency triage and treatment system (RETTS-A)23–24:

Red (need to see a physician immediately), orange (within 20min), yellow (within 120min), green (within 240min), and blue (no time defined).

Abbreviations: BP, blood pressure; CVD, cardiovascular disease; ED, emergency department; EDLOS, emergency department length of stay; kSEK, thousand

Swedish kronor.

medical service and higher triage priority was more common in the

lowest income quintile. The cardiovascular risk factors were in general

more frequent among people with lower income. Previous CVD was

highly overrepresented in lower income groups, as was diabetes,

hypertension, and obesity.

3.2 Time to physician assessment

The number of patients with a longer time to physician assessment

than recommended by triage was 9925 (39.7%) in the lowest income

quintile compared to 8750 (35.0%) in the highest income quintile.

The odds of having a longer time to physician assessment than rec-

ommended by triage was higher in the group with lowest income

compared to highest income (Table 2), both in univariate analysis

odds ratio (OR) 1.25 (95% CI 1.20–1.29) and when fully adjusted for

confounders, OR 1.10 (95% CI 1.05–1.15). Overall time to physician

assessment by income quintile is presented in Table 3. The predicted

time to physician assessment was 4 min (5.3%) longer in the lowest

versus the highest income quintile when adjusting for EDmanagement

circumstances.
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TABLE 2 Odds of longer time to physician assessment than recommended by triage and length of stay>6 h for patients with chest pain by
income quintile presented as odds ratio (95% confidence interval).

Longer time to physician assessment than recommended by triage

Household disposable

income Crude (OR)

Adjusted for age, gender,

and sociodemographic

variables (OR)

Adjusted for age, gender,

sociodemographic variables, and

ED-management circumstances (OR)

Quintile 1 1.25 (1.20–1.29) 1.15 (1.10–1.19) 1.10 (1.05–1.15)

Quintile 2 1.15 (1.11–1.19) 1.09 (1.05–1.13) 1.05 (1.00–1.09)

Quintile 3 1.07 (1.04–1.12) 1.04 (1.00–1.08) 1.03 (0.99–1.08)

Quintile 4 1.04 (1.01–1.08) 1.03 (0.99–1.07) 1.02 (0.98–1.06)

Quintile 5 1 1 1

Length of stay≥6 h

(OR) (OR) (OR)

Quintile 1 1.22 (1.17–1.27) 1.20 (1.15–1.26) 1.19 (1.14–1.25)

Quintile 2 1.11 (1.07–1.16) 1.09 (1.05–1.14) 1.10 (1.05–1.15)

Quintile 3 1.07 (1.03–1.19) 1.06 (1.02–1.11) 1.08 (1.03–1.12)

Quintile 4 1.02 (0.98–1.06) 1.01 (0.97–1.06) 1.02 (0.98–1.06)

Quintile 5 1 1 1

Abbreviations: CI, confidence interval; ED, emergency department; OR, odds ratio.

TABLE 3 Time to physician assessment and length of stay for patients with chest pain in the emergency department according to income
presented as predicted time in hours (95% confidence interval) crude and adjusted for confounders.

Time to physician assessment

Household

disposable

income Crude (h:min)

Adjusted for age, gender,

and sociodemographic

variables (h:min)

Adjusted for age, gender,

sociodemographic variables, and

ED-management circumstances (h:min)

Quintile 1 1:05 (1:04–1:06) 1:05 (1:04–1:05) 1:12 (1:11–1:13)

Quintile 2 1:03 (1:02–1:04) 1:04 (1:02–1:04) 1:10 (1:10–1:11)

Quintile 3 1:04 (1:02–1:04) 1:05 (1:04–1:05) 1:10 (1:10–1:11)

Quintile 4 1:04 (1:02–1:04) 1:05 (1:04–1:06) 1:09 (1:08–1:10)

Quintile 5 1:05 (1:04–1:05) 1:06 (1:05–1:07) 1:08 (1:07–1:09)

Length of stay

Quintile 1 4:07 (4:05–4:09) 4:07 (4:05–4:09) 4:11 (4:08–4:13)

Quintile 2 4:01 (3:59–4:03) 4:01 (3:59–4:02) 4:04 (4:02–4:07)

Quintile 3 3:58 (3:58–4:01) 3:59 (3:58–4:01) 4:03 (4:01–4:05)

Quintile 4 3:55 (3:54–3:58) 3:56 (3:55–3:58) 3:59 (3:58–4:02)

Quintile 5 3:54 (3:53–3:57) 3:55 (3:54–3:58) 3:58 (3:56–4:00)

Abbreviation: ED, emergency department.

3.2.1 ED length of stay

The number of patients with an EDLOS >6 h was 9925 (39.7%) in

the lowest income quintile compared to 8750 (35.0%) in the high-

est income quintile. The odds for having a EDLOS >6 h was higher in

the group with lowest income compared to highest income (Table 2),

both in univariate analysis OR 1.22 (95% CI 1.17–1.27) and when

fully adjusted for confounders OR 1.19 (95% CI1.14–1.25). In the

crude analysis, predicted EDLOS was 13 min longer in the lowest

income quintile compared to the highest income quintile and the

differences in predicted EDLOS remained similar after adjusting for

confounders (Table 3). Similarly, in both univariable and multivari-

able regression analyses, a lower annual income was associated with

a longer EDLOS with a gradual increase over the quintiles as illus-

trated inFigure2. Themedian time tophysician assessment andEDLOS

by income quintile are presented in Table S2. Results were similar

in analyses restricted to regional and county hospital, respectively

(Table S3–S4).
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F IGURE 1 Selection of participants.

F IGURE 2 Length of stay in all patients with chest pain by income
quintile presented in coefficient log-hour with 95%CI. Quintile 5 with
highest income is the reference group.Model 1 is crude.Model 2 is
adjusted for age, gender, and sociodemographic variables. Model 3 is
adjusted for age, gender, sociodemographic variables, and
ED-management circumstances. Abbreviations: CI, confidence
interval; ED, emergency department.

3.3 Patients with major adverse cardiac events

Within the subgroup ultimately diagnosed with major adverse cardiac

events (MACE), the time to physician assessment was approximately

30 min shorter and EDLOS was approximately 1 h shorter than for all

patients (Table S2). The odds for having a longer time to physician than

recommended by triage among patients with MACE is presented in

Table S5 and was higher in the group with lowest income compared to

highest income in the univariate analysis OR 1.19 (95% CI 1.02–1.40).

However, no differences between income groups were observed when

adjustments were made for age, gender, sociodemographic variables,

and ED-management circumstances. The predicted time to physician

assessment and EDLOS was also similar across income groups when

adjusted for confounders (Table S6).

4 LIMITATIONS

Strengths of this study include the large cohort and reliable individual-

level data from a variety of EDs obtained through SVAR and national

registries. Thewealthofdata allowed for control of plausible confound-

ing factors including priority as a proxy for acuity and language barriers

although the risk of residual confounding is inherent with the observa-

tional design. Although we did adjust for different types of ED (smaller

rural hospitals and larger regional university hospitals) that generally

have different volumes of patients, we could not adjust the analysis for

variation in ED census and crowding due to lack of such data.

There may be differences in how the data are collected, measured,

and uploaded in the electronic health care records at different hos-

pitals and EDs. Disposable income and secondarily educational level

were used to define SES. However, other unmeasured indicators of SES

may have better captured SES in our study setting. The study design

did not allow for inclusion of patients without a Swedish personal

identification number, such as undocumented immigrants and tem-

porary visitors to Sweden. The management and disposition of chest

pain patients may differ between countries and such differences may

influence the generalizability of the findings.

5 DISCUSSION

In this large cohort study on consecutive chest pain patients attended

at a representative sample of Swedish EDs, low-income groups were

more likely to have longer time to physician than recommended by

triage as well as a EDLOS over 6 h. The association was independent of

age, sex, sociodemographic variables, ED management circumstances,

and cardiovascular risk factors. This finding is novel and may add

to the understanding of ED crowding and the generally worse out-

comes in low SES groups. The clinical significance of observing longer

time to physician than recommended by triage also for patients later

diagnosed with MACE is unclear but may indicate that SES should

be considered early by ED-staff, at or after triage, in chest pain

patients.

Our main findings were that low SES was associated both with

a longer time to physician than recommended by triage and a

longer EDLOS. Many previous studies have indicated that ED crowd-

ing, and long EDLOS are associated with increased mortality and

morbidity.1,5,6,8,14 In several studies, SES has also been associated with

highermorbidity andmortality in general and specifically inACS,which

is a major underlying cause of ED chest pain.10,12,25 Although the

small observed differences in time to physician assessment and EDLOS

between income groups may not affect hard outcomes in the individ-

ual patient, they represent an inequity on a group level that remained
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significant after adjusting for a vast number of possible confounders.

Our finding that patients with MACE had a longer time to physician

than recommended by triage but did not have significant differences in

total EDLOS by income group is important because it strongly suggests

that the measures after the physician assessment help in achieving

equal care. However, as the clinical significance of our findings remain

unclear, further study is warranted.

In particular, the finding that low income was associated with a

longerwait for the physician assessment than recommendedby the ini-

tial triage, also in the crudeanalysis of patients subsequently diagnosed

with MACE, suggest that SES is a factor that contributes to inequality

in timely care in the ED. A recent study also found inequality in access

to timely care in British EDs,26 but our finding based on individual-level

SES-data is novel andmay add to the understanding of social inequities

in the initial chain of acute care. Future studies are needed to clarify the

reasons for these differences.

In the group arriving with emergency medical service, there was a

higher proportion of people with low income. Arriving with emergency

medical service can be used as an indicator of an on average sicker

patient or of a reduced capability of independently seeking care.19

It is possible that these results indicate that people with lower SES

seek care when their symptoms become more severe.18 In coherence

with our results that low SES was associated with arrival by emer-

gency medical service, a German study has previously shown that

there is a greater share of deployment of emergencymedical service in

socially disadvantaged areas measured by unemployment rates.27 The

observed differences in triage level, with the higher prioritized triage

levels being more common in low income, may also indicate that peo-

plewith low incomeare sickerwhen they seek care.18 These are factors

that all decrease the time to physician assessment andmay explainwhy

longer time to physician among low (vs high) SES was observed in the

fully adjustedmodel only.

In agreement with previous reports, traditional risk factors such

as diabetes, hypertension, hyperlipidemia, obesity, and previous CVD

were all more common in low-income groups in this study.10–13

However, this alone does not explain a higher incidence and recur-

rence of acute myocardial infarction (AMI) and CVD in lower SES

groups.9,15,28–29 Previous studieshave shown that recurrentCVDafter

AMI may be predicted by disposable income, education level, and mar-

ital status even when adjusting for cardiovascular risk factors.30 An

unmarried status has previously been associated with higher risk of

AMI.31 We found that beingmarriedwasmore common in groups with

high income and unmarried was more common in low income groups

when adjusted for age. Marital status could possibly be associated

with morbidity because marriage can be seen as a support system in

taking prescribed medication along with healthy lifestyle and reduced

stress.32–33

In conclusion, among unselected ED chest pain patients in a tax-

financed health care system, low income was associated with longer

time to physician than recommended by triage and longer EDLOS.

Longer process times may have a negative impact due to crowding in

the ED and the longer time to physician than recommended by triage

observed in patients withMACEmay delay diagnosis and timely treat-

ment for the individual patient. Our findings suggest that ED staff

should be aware of socioeconomic disparities and that SES should be

considered in chest pain patients. Further study is needed to elucidate

whyEDwaiting timesare longer in lowSES including componentsother

than time to physician assessment.
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