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A B S T R A C T   

Despite the growing literature on racial-ethnic disparities during the pandemic, less is known about the 
explanatory mechanisms of these disparities and inequalities across other axes, such as gender and sexual 
identities. We studied the levels and sources of racial-ethnic, gender identity, and sexual minority disparities in 
social (i.e., unmet resource needs) and health (i.e., hospitalization) outcomes among individuals diagnosed with 
COVID-19, hypothesizing differential age structure, underlying health, and work and living arrangements as 
contributors to inequalities. Using large-scale administrative data from Chicago and adjusting for covariates, we 
found substantial racial-ethnic and gender identity disparities in both outcomes, and weak evidence of sexual 
minority disparities in unmet needs. Subsequent decomposition analyses revealed that living in larger house
holds, having a higher share of non-adult cases, and facing higher burdens of chronic illness, obesity, and un
employment each statistically significantly drove racial-ethnic disparities in unmet needs, but these together 
explained less than 15% of the disparities. Similarly, about 20% of the Black-White gap in hospitalization 
resulted from disparities in underlying health and unemployment, whereas a higher proportion of non-adult 
cases or higher unemployment rates respectively proved the only significant pathways to partially explain 
transgender individuals’ disadvantages in unmet needs (12%) or hospitalization (6%). These findings highlight 
the importance of considering multiple dimensions of social differences in studying health disparities, the vul
nerabilities of transgender and non-adult communities during the pandemic, and the valid yet quite limited roles 
of previously suggested sociodemographic factors in accounting for COVID-19-related categorical inequalities.   

1. Introduction 

While a long-standing literature underscores the fundamental 
connection between social status and health (Clouston & Link, 2021), 
research on COVID-19 highlights the persistence and aggravation of 
health disparities. In the US, racial-ethnic minorities and those with 
fewer socioeconomic resources disproportionately face higher risks of 
COVID-19 infection and mortality (Fielding-Miller et al., 2020). Studies 
reveal multiple mechanisms that pose challenges to socially 
under-resourced people. These challenges include delayed testing ac
cess, difficulties in indoor physical distancing, reduced access to healthy 
food, and secondary stressors such as job insecurity and psychological 
distress (Ali et al., 2021; Daly et al., 2022; Saenz & Sparks, 2020; Ser
vick, 2020; Vedovato et al., 2022). 

Equally importantly, researchers are starting to explore the link 

between various social determinants of health (SDH) and categorical 
disparities. This line of literature, while still nascent, carries out a crit
ical task: It will illuminate the sources of categorical disparities in the 
aftermath of the pandemic and inform targeted interventions (Dalsania 
et al., 2022). Research in this regard has focused on disentangling 
racial-ethnic inequalities in COVID-19, attempting to identify the so
cioeconomic, geographic, and behavioral contributors to the observed 
gaps. Higher-poverty US areas have exacerbated racial-ethnic disparities 
in COVID-19 deaths (Dalsania et al., 2022), which parallels global-scale 
research showing that regional wealth and chronic illness burden 
explain geographic disparities in pandemic mortality (McGowan & 
Bambra, 2022). Non-English-speaking, an attribute more common 
among ethnic minorities, also appears a contributor to racial-ethnic in
equalities in COVID-19 hospital admission (Karmakar et al., 2021). Also 
considered are working and living arrangements. Several studies found a 
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higher prevalence of essential workers among Black individuals, relating 
it to higher COVID-19 mortality (Karmakar et al., 2021; Rogers et al., 
2020). However, in Lee et al.’s (2022) study, factors including lower 
education levels, more crowded living, and increased remote work could 
not explain Hispanic Americans’ higher infection rates than White 
Americans. Additionally, the authors did not find higher infection rates 
among Black Americans. 

These results are suggestive but also illustrate the preliminary status 
of current research. While scholars have examined many SDH that may 
serve as proximate pathways for COVID-19 disparities, we know little 
about how much disparity is explained by these pathways, and how much 
contribution each pathway makes. The limitation here is partly meth
odological. Existing studies used either correlational methods or the 
direct comparison of coefficients across regression models. These 
methods give us initial intuition about potential pathways but cannot 
disentangle the degree of categorical disparities that is attributable to 
each factor. Further, recent developments in mediation analysis show 
that these traditional methods may not yield correct estimates or sig
nificance levels (Karlson et al., 2012; Zhao et al., 2010). In other words, 
we have knowledge gaps not only in terms of the magnitude of SDH 
influences on health disparities, but potentially also in question is the 
validity of existing conclusions regarding the presence or absence of 
those influences. 

Another issue is the lack of systemization in current knowledge. 
Findings from extant results seemed to differ depending on the focal 
social category (e.g., Black versus Hispanic individuals) and outcome of 
interest (e.g., infection versus mortality). Scholars are yet to formulate a 
more comprehensive understanding of the intersectional contexts 
whereby specific types of categorical disparities are more subject to SDH 
influences (Harari & Lee, 2021). This necessitates inquiry into diverse 
forms of health inequities in terms of both social group divisions and 
outcomes of interest. Certainly, this task requires cumulative efforts 
from multiple studies. But scholars can begin by becoming reflexive of 
the likely context-specific nature of one’s findings and by incorporating 
more dimensions of inquiries. 

For example, what explains vulnerabilities of persons with disabil
ities, children, older adults, or gender and sexual minority individuals? 
How do categorical disparities vis-à-vis COVID-19 extend to life out
comes beyond physical health, such as housing, mental healthcare ac
cess, caregiving responsibilities, and so on (Ruprecht, Wang, Johnson, 
Xu, & Felt, 2021)? We extend prior work by addressing some of these 
questions. We also adopt newer methods that allow to tease out the 
relative contribution of SDH and demographic composition in explain
ing categorical disparities. 

We use the Case Investigation and Contact Tracing (CICT) data from 
the city of Chicago for this study. As the third-most populous city in the 
US and long-documented for its high levels of residential segregation 
(Sampson, 2012), Chicago witnessed both extensive outbreaks and 
drastic disparities pertaining to the COVID-19 pandemic. By 
mid-January 2022, the city reported over 440,000 COVID-19 cases and 
over 25,000 COVID-19-related hospitalizations, making it the jurisdic
tion with the largest COVID-19 case burden in the Midwest (City of 
Chicago, 2022). Significantly, minority populations were dispropor
tionately affected by COVID-19 incidence and mortality. In 2020, over 
60% of COVID-19-related deaths and over 50% of COVID-19 infections 
occurred among Black communities while the city’s Black population is 
about 30% (Ruprecht et al., 2021). Meanwhile, the Chicago metropol
itan area is home to 298,000 LGBT residents (Williams Institute, 2021), 
who also reportedly face health and economic challenges during 
COVID-19 (Ruprecht et al., 2021). 

Against these backdrops, the CICT data were derived from the 
COVID-19 response by the Chicago Department of Public Health, where 
positive cases were interviewed to conduct contact tracing and to assess 
the uneven impacts of COVID-19 across the city’s diverse social land
scape. Capitalizing on the CICT data, this paper aims to accomplish two 
goals. First, we ascertain the level of systematic racial-ethnic, gender 

identity, and sexual orientation disparities among COVID-19 cases in 
hospitalization and unmet resource needs; second, we examine and 
quantify the role of various sociodemographic factors in accounting for 
observed disparities. 

2. Literature and framework 

We make two lines of effort to expand the dimensions of COVID-19 
inequality inquiry. First, regarding social groupings, we include race- 
ethnicity, but also consider gender identity and sexual orientation, 
two other axes of structural inequalities that have received less atten
tion. While social studies of COVID-19 have factored in gender inequity 
(Mize et al., 2021), most focus on cisgender individuals, omitting gender 
minority individuals whose gender identity differs from sex at birth or 
transcends the male-female binary. Meanwhile, there have been exten
sive concerns that sexual and gender minorities (SGM) endure signifi
cant disadvantages vis-à-vis COVID-19. Scholars theorize that the toll of 
SGM stigma is exacerbated during the pandemic, showing evidence of 
curtailed gender-affirming care, reduced access to HIV preventive pro
grams, increased economic insecurities, higher chronic-illness burden, 
and elevated levels of mental disorders and substance abuse (see 
Drabble & Eliason for a review, 2021). For example, researchers using 
the national COVID-19 Impacts Survey found that compared with cis
gender peers, transgender individuals had higher odds of experiencing 
COVID-19 symptoms (Phillips et al., 2021), housing instability and 
medical care interruptions (Felt et al., 2023). Nonetheless, systematic 
evaluations of gender and sexual minority status as a determinant for 
COVID-19 outcomes remain sparse, especially given that most studies 
are theoretical or qualitative, whereas the few quantitative examina
tions are constrained by small sample sizes and/or non-random sam
pling procedures (Nowaskie & Roesler, 2022; Ruprecht et al., 2021). 
Moreover, current research is descriptive in nature: no quantitative 
study has sought to associate the observed gaps with SDH explanations. 

In this light, the CICT data offer a large sample size and detailed 
coverage of gender identity and sexual orientation questions, and we 
provide a systematic assessment of COVID-19 disparities along the 
gender and sexual minority identities. Additionally, informed by the call 
for attention to multiple axes of oppression and structural inequalities 
(Collins, [1990] 2022; Settles & Buchanan, 2014; Vargas et al., 2020), 
we also visualize the combined effects of race-ethnicity, gender identity 
and sexual orientation. 

Additionally, regarding outcomes of interest, we study hospitaliza
tion and unmet resource needs during self-isolation to cover both 
medical and social aspects of COVID-19 consequences. Existing studies 
mostly address medical outcomes such as infection, hospitalization, 
mortality, and vaccination (Ali et al., 2021; Rivera et al., 2020; Reitsma 
et al., 2021). A growing literature has also investigated the differential 
impact of COVID-19 on social and economic conditions by race and 
gender identity, surveying outcomes like job loss, unemployment 
benefit access, domestic labor division, and school continuation (Hardy 
& Logan, 2020). However, fewer studies explore whether individuals 
encounter unmet needs for resources and support as a result of 
COVID-19. A need-based analysis is valuable as it provides an 
all-inclusive lens on the impact of COVID-19 from people’s own point of 
view; it also features actionable problems that require policy attention. 
Within the limited research in this direction, studies often center on 
(mental and physical) healthcare needs (Ormiston & Williams, 2022; 
Thomeer et al., 2022). To our knowledge, only one small-sample (n =
200+) study examined inequities in unmet needs more comprehen
sively, considering diverse types of resources that include but also go 
beyond healthcare access: e.g., food, protective supplies, technology 
use, and community support (Ruprecht et al., 2021). In both cases, au
thors found higher unmet needs levels among minority populations. 

In this regard, we avail ourselves of the CICT questionnaire that asks 
individuals to list issues they need external support for during COVID- 
19, and we probe whether and how categorical inequalities exist in 
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the odds of having unmet resource needs. Importantly, we also inves
tigate the outcome of hospitalization, given the literature’s gap in un
derstanding gender and sexual identity disparities and in the 
mechanisms for categorical disparities. 

Last but not least, we attempt a decomposition analysis of group 
differences using the KHB-method—a mediation analysis technique 
suitable for nonlinear probability models (Karlson et al., 2012)—to 
assess the socioeconomic and demographic features that contribute to 
observed categorical differences. Specifically, we look into the roles of 
1) age structure, 2) health conditions and behavior, 3) work arrange
ments, and 4) household characteristics. 

While previous studies used age exclusively as a control variable to 
predict COVID-19 medical outcomes (Karmakar et al., 2021), we explore 
age composition as a potential explanation for differential unmet need 
levels. Reports depict teens and younger individuals as hardest hit 
during COVID-19 both economically (Crozet, 2022) and psychologically 
(Weissbourd et al., 2022). As racial-ethnic minorities and LGBTQ +
people are also on average younger than White and non-queer in
dividuals (Selden & Berdahl, 2020; Williams Institute, 2017), it is 
possible that younger age drive disparities in unmet needs. 

For health-related attributes, we include chronic illness to test 
whether higher pre-existing condition prevalence among diverse in
dividuals leads to wider categorical gaps in COVID-19 outcomes (Heslin 
& Hall, 2021; Karmakar et al., 2021). We also consider obesity for 
racial-ethnic disparities, as it disproportionately affects Black and His
panic individuals while aggravating COVID-19 (Petersen et al., 2019; 
Yang et al., 2021). These health-related mechanisms may apply to both 
hospitalization and unmet needs because underlying conditions affect 
COVID-19 severity but can also be debilitating to everyday life. 

Regarding work situations, we follow previous research to consider 
essential work, a key proxy of viral exposure and occupational status 
(Karmakar et al., 2021; Lee et al., 2022), positing that racial-ethnic 
minorities’ disproportionate allocation in higher-risk, lower-paid in
dustries may contribute to higher unmet needs and hospitalization. 
Given evidence of higher unemployment rates among racial-ethnic, 
gender and sexual minority populations during the pandemic (Couch 
et al., 2020; Martino et al., 2022), we also gauge the role of (un) 
employment status in creating observed disparities. 

For household characteristics, we again reference prior studies to 
measure household size and congregated living status (Gillies & Row
lands, 2022; Lee et al., 2022). Increased co-residents can create house
hold resource constraints when family members contract COVID-19 
(Yan et al., 2021). Since racial-ethnic minorities tend to have larger 
households than White individuals (Census Bureau, 2016), we suspect 
that more congregated living arrangements may augment disparities 
especially along racial-ethnic lines. 

Overall, we hypothesize that 1) racial-ethnic disparities in unmet 
needs are partly driven by racial-ethnic minorities’ younger age struc
ture, higher prevalence of pre-existing health conditions, essential 
worker status, unemployment, larger household size, and congregate 
work and living settings; 2) These factors, except for age, contributes to 
racial-ethnic hospitalization disparities (see Fig. 1). As for gender and 
sexual minority disparities, the limited prior research gives us less clue 
as to whether disparities exist for both outcomes, whether gender versus 
sexual minority indicates disadvantages in similar ways, and still less 
guidance on the sociodemographic mechanisms. As such, we prelimi
narily postulate identical hypotheses for gender and sexual minority 
individuals (grouped together in Fig. 1), although analyses will be 
conducted separately for these conceptually distinct groups. Specif
ically, while the literature hinted at the pathways of younger age, higher 
rates of unemployment and underlying conditions, we examine these 
pathways but also explore the roles of other mediators studied for racial- 
ethnic disparities (solid vs dotted lines in Fig. 1). 

3. Methods 

3.1. Data 

Starting in March 2020, all SARS-CoV-2 laboratory positive cases in 
the city of Chicago were reported to the Chicago Department of Public 
Health (CDPH). As part of CDPH’s Case Investigations and Contact 
Tracing (CICT) initiative, the CICT team attempted to reach out to each 
case to collect demographic, behavioral and contact tracing information. 
Those that were successfully reached are administered a case investi
gation questionnaire. The questionnaire covers a range of questions for 
public health and social research purposes, including the respondent’s 
demographic information, occupation, work and living settings, clinical 
conditions, supports needed for COVID-19, as well as their close contacts 
over the past two weeks. 

The CICT data we use for this analysis cover all the 50,846 COVID-19 
positive cases who completed the interview between September 16, 
2020 and January 13, 2022. This sample accounts for about 11.4% of all 
individuals who tested positive during this period (City of Chicago, 
2022). Some outreach attempts were met with non-response, due to 
reasons such as the individual being at work or COVID-19 fatigue 
especially during late 2021. Additionally, due to the limited staff ca
pacity, there is a time gap between an individual’s positive result 
confirmation and the interview completion; this lag can be especially 
pronounced during surge periods. 

We note that some questions in the survey are optional, which leads 
to significant missingness in certain variables (Table 1). To address 
missingness in the data, we attempted 1) multiple imputation by 

Fig. 1. Conceptual diagram of hypothesized pathways.  
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chained equations (MICE, m = 20 iterations), and 2) the missing indi
cator method (MIM) (Sperrin & Martin, 2020). Results are similar be
tween both methods, and we report main modeling findings from MICE, 
given its higher accuracy in error estimation (Little & Rubin, 2019). For 
decomposition, however, we resort to MIM due to the absence of 
existing algorithms to implement the KHB-method for multiply imputed 
data. 

3.2. Variables 

3.2.1. Dependent variables 
The first outcome of interest is a dichotomous measure of having 

unmet needs. The CICT survey contains a question where respondents are 
asked to report the types of support they need during their self-isolation. 
A checkbox list is provided for the question, including childcare, hous
ing, prescriptions, non-COVID medical care, mental health support, 
substance abuse support, translation/interpretation, disability accom
modations, cell phone service, internet, heat/AC, pet care, and an 
“Other” option. While most individuals left this question as blank, some 
specified their needs. The variable unmet needs is coded as “yes” if an 
individual checked at least one item (including Other) for the question, 
and “no” otherwise. 

Another outcome is hospitalized, which is a dummy coded as “yes” if a 
respondent reported being hospitalized for COVID-19 after diagnosis. 

3.2.2. Key predictors 
Our key predictor variables are race-ethnicity, gender identity, and 

sexual orientation. We recode race-ethnicity information from the CICT 
data into five categories: Hispanic, non-Hispanic (NH) White, NH Black, 
and NH Other (Asian, Other Race/Other, mixed race, and Native 
American). 

We measure gender identity using two contiguous questions: Sex at 
birth (“What was your sex at birth?“) and gender identity (“How do you 
currently identify your gender?“). We code an individual as “cis man” or 
“cis woman” if they 1) provide either the same response to the sex at 
birth and gender identity questions as male/female, or 2) only answered 
male/female in the sex at birth question. An individual is coded as 
transgender if they 1) explicitly suggest a trans or nonbinary gender in 
the gender identity question, or 2) reported non-missing and discrepant 
answers for the sex at birth and gender identity questions. 

We note several considerations in devising this coding strategy. First, 

we impute missingness in gender identity using sex at birth. Likely 
because 1) both questions are optional, 2) the sex at birth question 
precedes the gender identity question, and 3) an estimated over half of 
Americans today consider gender as automatically implied from bio
logical sex (Pew Research Center, 2022), 41% of respondents in the CICT 
survey skipped the gender identity question while missingness was only 
1.7% for sex at birth. Also given research showing that survey response 
rates are often higher among sexual and gender minority individuals 
than non-minorities (Bates et al., 2019; Lee et al., 2018), we thus infer as 
cisgender those who skipped the gender question but responded “man” 
or “woman” for sex at birth. Second, we classify as transgender in
dividuals whose identity is “man” or “woman” but different than their 
sex at birth (n = 581, 1.1%). While research is wanting in this regard, 
many transgender persons reportedly prefer to identify as woman/man 
and downplay the gender-transitioning aspect of their identity (Folk, 
2022). Note that for both these decisions, the alternative strategy of 
coding gender based solely on the gender identity question yields sub
stantively similar results. 

Third, we refrain from a further classification than transgender for 
non-cis persons. While the original questionnaire included multiple 
categories for gender minorities (non-binary or genderqueer person (n 
= 15, 0.03%), a gender identity not listed (n = 4, 0.008%), transgender 
woman (n = 11, 0.02%), transgender man (n = 16, 0.03%)), the sample 
sizes are too small for separate analyses of each category. Fourth, we 
retain the cis men and cis women distinction to ascertain potential 
gender disparities within cisgender individuals. 

A separate question exists in the questionnaire for sexual orientation. 
A respondent is classified as sexual minority if they identify with 
bisexual (n = 135, 0.3%), gay or lesbian (n = 462, 0.9%), queer (n = 26, 
0.05%), questioning (n = 10, 0.02%), or another orientation (n = 28, 
0.06%), and straight if they chose the option of straight or heterosexual. 
Those who answered unknown, skipped or declined to answer the 
question are coded as missing. Again, we combine the minority cate
gories for measurement: Although the absolute counts for the bisexual 
and homosexual categories are not too small, not enough individuals in 
each category reported “Yes” for the outcome variables (e.g., n = 0 for 
hospitalized and n = 14 for unmet needs for bisexual individuals) for 
meaningful statistical analyses. 

3.2.3. Other predictors 
We consider four mediating pathways for categorical disparities in 

Table 1 
Descriptive statistics of full sample and by groups.a.   

Percentage or Mean (SD) 

Full Sample Race-ethnicity Gender Sexual Orientation 

NH White Hispanic NH Black NH 
Other 

Cis male Cis female Transgender Straight Sexual 
Minority 

Unmet needsb 6.2 2.1 7.4 9.2 6.1 6.0 6.5 9.2 6.1 7.1 
Hospitalized 1.0 0.6 0.6 2.2 1.0 1.0 1.1 3.3 1.1 1.2 
Age 34.0 (18) 34.8 (18) 32.5 (18) 35.7 (20) 32.3 (18) 33.4 (18) 34.6 (18) 33.9 (19) 34.5 (18) 33.6 (12) 
Chronic illnessc 26.3 21.6 23.7 38.0 23.1 25.0 27.5 30.4 27.7 34.9 
Obese 9.4 6.5 10.2 13.3 7.9 7.6 11.1 10.9 9.9 11.0 
Employment Status 
Employed 51.9 62.4 47.5 49.5 47.7 54.9 50.1 46.8 55.0 71.7 
Retired 5.0 5.56 3.28 7.36 4.36 4.8 5.3 6.2 5.1 2.01 
Student 18.6 16.2 21.2 16.6 20.9 19.3 17.2 20.1 16.5 9.32 
Unemployed 24.5 15.9 27.9 26.5 27.1 20.9 27.4 26.9 23.4 17.0 
Essential worker 10.8 10.1 10.1 13.6 10.4 11.2 10.8 9.4 12.6 16.5 
Congregate living 0.3 0.3 0.1 0.4 0.3 0.2 0.3 0.5 0.2 0.6 
Household size 3.3 (1.9) 2.7 (1.7) 3.9 (1.9) 3.1 (1.8) 3.6 (2.0) 3.3 (1.9) 3.4 (1.9) 3.3 (1.7) 3.4 (1.9) 2.4 (1.5) 

No. Of obs. % of valid 
obs. 

50,846,100.0 10,646 
24.1 

17,017 
38.5 

11,950 
27.0 

4608 
10.4 

21,836 
45.4 

25,646 
53.3 

607 1.3 17,690 
96.4 

661 3.6 

No. (%) of missing obs. – 6625 (13.0) 2757 (5.4) 32,495 (63.9)  

a Data source: CICT data of positive COVID-19 cases in Chicago who were interviewed between Sep 16, 2020, and Jan 13, 2022. 
b Asks whether the respondent reports needing any additional support during self-isolation (e.g., childcare, housing, heating, medical care etc.). 
c Includes asthma, lung disease, heart disease, liver disease, diabetes, kidney disease, hypertension, seizures, cancer, and immunocompromised. 
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unmet needs. We measure age structure using a piecewise linear function 
(Harrell, 2001) to capture its nonlinear relationship with unmet needs, 
with a distinct slope estimated for each age group (<18, 18–39, 40+) 
and an intercept term of whether the respondent is younger than 18 
(Supplement S2.1). Health conditions include dummy variables of 
chronic illness (i.e., asthma, lung disease, liver disease, diabetes, kidney 
disease, hypertension, seizure, cancer, immunocompromised) and 
obesity. Work situations include a dummy variable for essential worker, 
and a four-category predictor of employment status (employed, unem
ployed, student and retired). Household features involve a dummy of 
congregate living (e.g., homeless shelters, assisted living facilities, group 
homes, prisons, detention centers) and a piecewise numeric measure of 
household size with 10 as the cut-point for separate slopes (S2.2). 

For hospitalization, we test the same mediators except for age and 
household size. Age will be included as a control variable rather than 
mediator, and no piecewise transformation will be imposed. Household 
size will be tested as a mediator that has three categories: living alone, 2- 
person, vs 3+ person households. This coding is derived from research 
that found higher risk of severe COVID-19 among households with 1 or 
3+ persons (Gillies & Rowlands, 2022). 

3.3. Analytic strategies 

We assess the extent of categorical disparities through a combination 
of summary statistics and multiple logistic regressions. The logistic 
model estimates are pooled from each imputed dataset. Respectively for 
the two outcomes, two base models are fitted with race-ethnicity 
(Models 1,4) or gender identity and sexual orientation (Models 2,5) 
alone, before all other predictors are added in Models 3 and 6. We use 
these models to 1) ascertain and compare categorical differences before 
and after adjusting for socio-demographic attributes, and 2) explore the 
association between the outcomes and the proposed pathway mediators. 
For goal 1), note that one cannot directly compare coefficients’ magni
tude across nonlinear models, but changes in p-values and effect direc
tion are reliable indicators for comparison (Harrell, 2001). 

We then employ the KHB-method to model the mediation effects of 
the hypothesized socio-demographic pathways for observed categorical 
disparities. The KHB-method offers an intuitive approach to decom
posing key variable effects (e.g., race-ethnicity) into direct and mediator 
effects for nonlinear models with discrete outcomes (Karlson et al., 
2012). Its results will inform us on 1) the effects of individual mediator 
variables, and 2) the proportion of categorical disparities explained by 
the pathways. All analysis, including MICE and KHB, is conducted in R 
software (V4.2.2). 

4. Results 

4.1. Descriptive statistics 

Table 1 shows summary statistics for the full sample and separately 
by race-ethnicity, gender identity, and sexual orientation. Marked 
racial-ethnic disparities are observed for both outcome variables (χ2 

tests p < 0.0001). The rate of having unmet needs for Black (9.2%), 
Hispanic (7.4%), or other-race (6.1%) participants is about 3–4.5 times 
as high as White participants (2.1%). Black participants also had higher 
rates of hospitalization (2.2%) after infection than other groups (overall 
mean = 1.0%). Additionally, we detect gender-minority (χ2 tests p <

0.0001) but not sexual-minority disparities (χ2 tests p > 0.4) in the 
outcomes. 9.2% of transgender individuals had unmet needs during self- 
isolation, about 50% higher than cisgender individuals. Hospitalization 
was also more frequent for transgender participants (3.3%) than the 
overall sample (1.0%). Yet for both outcomes, the rates are similar be
tween sexual minority and straight participants. 

Minority populations also exhibit many of the socio-demographic 
traits that we hypothesized as pathway linkages to adverse outcomes 

(χ2 and ANOVA tests p < 0.0001). All racial-ethnic minority groups had 
higher prevalence of chronic illness, obesity, and unemployment, and 
larger household sizes than White participants. A higher-than-average 
proportion of Black participants were essential workers or lived in 
congregate settings, whereas Hispanic and other-race individuals were 
younger in age. Regarding gender identity and sexuality, transgender 
and sexual minority participants had higher levels of chronic illness and 
congregate living. Obesity and unemployment rates were also higher 
among transgender than cisgender participants, while a greater per
centage of sexual minority than straight respondents were essential 
workers. 

4.2. Logistic models 

Logistic regression results are reported in Fig. 2. The models confirm 
the presence of large racial-ethnic and gender disparities, with the 
additional finding that the proposed pathways partially explain these 
disparities. The odds of unmet needs among Black, Hispanic, and other- 
race individuals are respectively 4.4 (CI = 3.7–5.2), 3.7 (CI = 3.1–4.3), 
and 2.7 (CI = 2.1–3.3) times the odds of White individuals in the base 
model (Model 1). The effects are weakened—but only slightly so—to 
2–4 times in Model 3 after adding covariates. The OR estimates of unmet 
needs for transgender individuals are also marginally reduced from 1.7 
(CI = 1.2–2.3) to 1.5 (CI = 1.1–2.1) from the base Model 2 to Model 3, 
though the lower significance levels (p < 0.001 to p < 0.01) evidences a 
reduction in effect size. Similarly, according to Models 4 and 5, Black 
and transgender individuals are each predicted to be over 3 times as 
likely in the odds of hospitalization as White and cis male individuals 
(CI = 2.4–4.4, 1.8–5.8 respectively). Yet the additional predictors in 
Model 6 slightly lessened the estimates to 2.5 times (CI = 1.8–3.4, 
1.4–4.8), with again reduced significance level (p < 0.001 to p < 0.01) 
for transgender effects. 

The coefficients for sexual minority are also worth noting. For hos
pitalization (Models 5 and 6), consistent with descriptive findings, no 
sexual-minority disparities are discerned. Yet regarding unmet needs, 
while the base Model 2 shows no sexual minority-related differentials, in 
Model 3, sexual-minority individuals are predicted to experience 50% 
higher odds of unmet needs after adjusting for covariates (CI = 1.1–2.0). 
This suggests a possible suppression effect here. That is, sexual-minority 
individuals were advantaged in certain socio-demographic covariates, 
which conceals the adverse impact of their sexual orientation on social 
needs. 

The models also largely corroborate the hypothesized associations 
between the socio-demographic mediators and the outcomes. For unmet 
needs, being younger—but more precisely a non-adult (CI = 1.9–3.3) or 
an adult in late 30s to early 40s (OR >1 for slope age 18–39, OR <1 for 
slope age 40+), chronically ill (CI = 1.3–1.6), obese (CI = 1.1–1.4), 
unemployed (CI = 1.0–1.3), an essential worker (CI = 1.1–1.5) or living 
in larger households (CI = 1.0–1.1 for household size <10) all prove risk 
factors. As for hospitalization, chronic illness (CI = 1.5–2.4) and un
employment (CI = 1.6–2.9) are significant indicators, whereas obesity 
(CI = 1~1.7) and living in 3 or more person households (CI = 0.9–1.8) 
are marginally significant (p < 0.1). 

Fig. 3 plots predicted levels of categorical disparities (see S3 for 
data), adopting a multidimensional approach that simultaneously con
siders race-ethnicity and gender-sexuality. Panel A reveals stark racial- 
ethnic disparities even after considering gender and sexual identities 
and covariates. White participants, regardless of gender identity and 
sexual orientation, have noticeably lower expected risk of unmet needs 
than racial-ethnic minority participants. Within each race-ethnicity, 
gender and sexual minority participants are also subject to higher 
probabilities of unmet needs than cisgender and straight participants, 
with the difference being more obvious for Black and Hispanic persons. 
Panel B, on other hand, reiterates the health disadvantages of Black and 
transgender individuals, showing Black transgender individuals as 
having the highest hospitalization risk across all sub-groups. 
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Fig. 2. Logistic regressions predicting unmet needs and hospitalization among COVID-19 positive cases.  

Fig. 3. Predicted levels of intergroup disparities intersecting race-ethnicity with gender and sexual orientation.  
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4.3. Mediation analysis 

Table 2 presents KHB decomposition results. The analysis includes 
groups where disparities were found and mediator predictors that were 
significant at 0.1 level or lower in logistic models. For all columns except 
sexual minority, we focus on positive coefficients and percentages, 
which indicate factors that contribute to categorical disparities. Nega
tive estimates, meanwhile, deserve particular attention for the sexual 
minority column since these factors may explain why sexual minority 
disparities were detected only after the addition of covariates. We also 
provide a visualized summary of results in Fig. 4. 

About 10%–15% of racial-ethnic disparities in unmet needs are 
explained through mediation (Columns 1–3). Being a non-adult con
tracting COVID-19, chronic conditions, obesity, unemployment and 
larger household size are shared factors that induced racial-ethnic dis
parities in unmet needs for all minority groups (p < 0.05). For Hispanic 
and other-race individuals, having a higher proportion of non-adult 
cases (β = 0.094, p < 0.001) and larger households (β = 0.093, p <
0.001) are two prominent pathways, each explaining between 6% and 
8% of their disparities against White individuals. For Black participants, 
having a higher share of non-adult cases (β = 0.060, p < 0.001) or in
dividuals with comorbidities (β = 0.054, p < 0.001) respectively ex
plains about 3.5% of their disadvantages in unmet needs; larger 
household size (β = 0.026, p < 0.001), obesity (β = 0.011, p < 0.05), 
working essential jobs (β = 0.01, p < 0.001) and unemployment (β =
0.019, p < 0.001) also contribute but each explains less than 2% of the 
gap. 

The mediators also account for 20% of Black individuals’ excessive 
hospitalization (Column 6). Higher risk of chronic illness (β = 0.134, p 
< 0.001) explains 11% of the differences, while higher unemployment 

rates (β = 0.061, p < 0.001) explain another 5%. Other weaker pathways 
include having higher proportions of obese (β = 0.02, p < 0.05, 2%), 
retired (β = 0.007, p < 0.001, 1%) individuals, or persons living in 
households with 3+ residents (β = 0.028, p < 0.1, 2%). 

Fewer mediators apply to gender identity disparities. Regarding 
unmet needs (Columns 4), while all assumed pathways exert positive 
mediating effects, only the non-adult intercept proves significant at a 
0.05 level (β = 0.044). 9% of transgender-cis male disparities in unmet 
needs results from the higher representation of non-adults among 
transgender participants. Another, marginally significant factor is 
transgender persons’ higher unemployment rate (β = 0.008, p < 0.1). 
For hospitalization (Column 7), only 6% of the gender identity dispar
ities relates to the mediators (p < 0.05), with unemployment rate as the 
sole significant mediator (β = 0.026, p < 0.001, 2.2%). 

Column 5 shows that controlling for mediators elevated sexual mi
nority disparities in unmet needs by 40%. Again, the non-adult intercept 
plays a key role, but in the opposite direction than for transgender or 
racial-ethnic groups: non-adults are rarer among sexual minority in
dividuals, which disguised the disadvantages of sexual minority identity 
by 51% (β = − 0.158, p < 0.001). Sexual minority individuals’ smaller 
average household size served as another protective factor, suppressing 
the net effect of sexual minority identity by 21% (β = − 0.065, p <
0.001). However, results indicate sexual minority individuals’ higher 
likelihood of having chronic illness (β = 0.029, p < 0.001), obesity (β =
0.004, p < 0.05) and working in essential jobs (β = 0.011, p < 0.05) as 
positive contributors to their unmet needs levels, although these effects 
are smaller in total (10%) and overpowered by the negative mediators. 

Table 2 
Role of socio-demographic mediators in explaining the observed intergroup disparities.a.  

Effect of mediation A. Unmet Needs B. Hospitalized 

Hispanic NH Black NH Other Trans-gender SexualMinority NH Black Trans-gender 

Slope age (<18 years) − 0.013* − 0.009* − 0.014* − 0.004 0.022* – – 
Slope age (18–39 years) − 0.017*** 0.007* − 0.021*** − 0.005 − 0.006** – – 
Slope age (40 + years) 0.002 − 0.006 0.004 − 0.003 0.011 – – 
Intercept age (<18 years) 0.094*** 0.060*** 0.093*** 0.044* − 0.158*** – – 
Chronic illness 0.008*** 0.054*** 0.007* 0.008 0.029*** 0.134*** 0.022 
Obesity 0.007* 0.011* 0.004* 0.003 0.004* 0.020* 0.005 
Retired (ref: employed) 0.003 − 0.004 0.001 − 0.001 0.006 0.007* 0.003 
Student (ref: employed) − 0.011*** − 0.005* − 0.009*** − 0.008 0.020** 0.006 0.007 
Unemployed (ref: employed) 0.018*** 0.019** 0.015** 0.008 − 0.005 0.061*** 0.026* 
Essential worker − 0.001 0.010*** − 0.001 − 0.006 0.011* – – 
Slope household size (<10) 0.090*** 0.026*** 0.083*** 0.007 − 0.065*** – – 
Slope household size (10+) − 0.002 0.006 − 0.006 0.014 0.001 – – 
2 person household (ref: live alone) – – – – – − 0.004 − 0.001 
3+ person household (ref: live alone) – – – – – 0.028 0.007 
Total mediation effects 0.179*** 0.176*** 0.129*** 0.064* ¡0.121** 0.140** 0.070* 
Percentage of mediation (%) 
Slope age (<18 years) − 0.9 − 0.5 − 1.2 − 0.9 7.0 – – 
Slope age (18–39 years) − 1.3 0.5 − 1.8 − 1.0 − 1.8 – – 
Slope age (40 + years) 0.2 − 0.3 0.3 − 0.5 3.6 – – 
Intercept age (<18 years) 6.9 3.5 7.9 8.9 − 50.8 – – 
Chronic illness 0.6 3.3 0.6 1.7 9.3 11.2 1.9 
Obesity 0.5 0.7 0.4 0.6 1.2 1.7 0.5 
Retired (ref: employed) 0.3 − 0.2 1.2 − 0.2 1.8 0.6 0.3 
Student (ref: employed) − 0.8 − 0.3 − 6.9 − 1.6 6.5 0.5 0.6 
Unemployed (ref: employed) 1.3 1.1 1.3 1.6 − 1.6 5.1 2.2 
Essential worker 0.0 0.6 − 0.1 − 1.3 3.7 – – 
Slope household size (<10) 6.6 1.5 7.1 1.4 − 21.1 – – 
Slope household size (10+) − 0.1 0.3 − 0.5 2.8 0.4 – – 
2 person household (ref: live alone) – – – – – − 0.4 − 0.1 
3+ person household (ref: live alone) – – – – – 2.4 0.6 
Total mediation percentage (%) 13.2 10.6 11.6 11.6 ¡39.0 20.9 6.1 

a. *p < 0.05, **p < 0.001, ***p < 0.0001. N = 399,29 using the missing indicator method for categorical variables. Reference groups: NH White, cis male, and straight. 
The group columns in the table include categories that exhibited differences in outcomes from the reference groups (Models 3 and 6) to which the decomposition 
analyses were applied. For example, disparities for unmet needs were detected for more groups than hospitalization disparities, hence the fewer columns for the latter 
outcome. 
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5. Summary and discussions 

This study documented and explored explanations for categorical 
inequalities in COVID-19-related adverse outcomes. It goes beyond 
previous research by simultaneously examining multiple group divisions 
(race-ethnicity, gender identity, and sexual orientation) and multiple 
outcomes (unmet resource needs and hospitalization), and by formally 
modeling the mediating roles of socio-demographic characteristics in 
accounting for the disparities. 

For both outcomes, we found strong evidence of racial-ethnic and 
gender minority disparities among positive COVID-19 cases in Chicago. 
Adjusting for covariates including age structure, underlying health, 
work and living conditions, the odds of unmet needs were respectively 
about 4, 3, and 2.5 times as high among Black, Hispanic, and other-race 
individuals than White individuals, and Black participants were also 2.5 
times as likely to be hospitalized. Meanwhile, transgender individuals 
were 50% more likely to have unmet needs than cisgender participants 
and 2.5 times more prone to hospitalization after controlling for cova
riates. By contrast, no sexual minority disparities were discerned 
regarding hospitalization, but results were subtle on unmet needs. 
Sexual minority and straight individuals had similar levels of unmet 
needs in raw comparisons; yet after adding covariates in multivariate 
analyses, sexual minority identity became associated with a 50% in
crease in the odds of unmet needs, which is driven by the older age 
structure and smaller household size of this group. We concluded these 
patterns with a graphic analysis that plots the combined effects of 
belonging to a racial-ethnic and gender-sexuality group, which under
scored the distinctive advantages of White individuals for reduced 
unmet needs and the particular vulnerabilities of transgender Black 
participants in severe illness. 

As for mediating pathways, Black, Hispanic, and other-race in
dividuals had higher rates of younger—particularly non-adult—cases, 
chronic illness, obesity, unemployment, and larger household sizes, 
which collectively explained about 10–15% of their higher levels of 
unmet needs than White individuals. For Black individuals, higher 
likelihood of working in essential jobs is an additional pathway for 

unmet needs, whereas chronic illness, obesity, unemployment and living 
in larger households drove their risk of hospitalization by 20%. 

As for gender disparities, significant pathways for unmet needs dif
ferences (10% explained) included transgenders’ having a higher share 
of non-adult cases and unemployed individuals, while unemployment 
was the only significant mediator (6% explained) for hospitalization 
differentials. 

Finally, sexual minority individuals were protected by their age 
composition (i.e., lower representation of non-adult cases) and smaller 
household size, which together suppressed the association between 
sexual minority identity and unmet needs by 70%. But higher rates of 
essential working, chronic illness, and obesity did also positively in
crease their unmet needs levels relative to straight individuals (15% 
explained). 

Our findings enrich current literature in several ways. First, dispar
ities appeared to affect more groups and at greater magnitudes when 
measured in terms of unmet resource needs than hospitalization. While 
it is possible that this was due to the rarer nature of severe COVID-19, 
this pattern nonetheless suggests the import of social resource in
equalities as an outcome per se in the study of pandemic influences. An 
extensive literature has indeed documented either the “health-” or 
“wealth-” pandemic consequences for minority communities (Griffin 
et al., 2023), and our results make a strong case for such discussions by 
showing how physical health disparities can be a more con
servative—and resource needs a more exhaustive—way of probing 
structural inequalities vis-à-vis the pandemic. 

Second, through larger-scale and holistic assessments of gender and 
sexual minority disparities during the pandemic, we pointed to the 
specific vulnerabilities of transgender communities and the complex 
mechanisms whereby gender and sexual minority individuals’ disad
vantages were generated. Descriptively, our finding corroborates Now
askie and Roesler’s (2022) small-sample study that found gender 
minority individuals to experience worsening outcomes across more 
dimensions than sexual minority individuals. 

But the mediating analyses clarified how, on one hand, relative to the 
general population, gender and sexual minority individuals share certain 

Fig. 4. Diagram summary of mediator effects.  

X. Yan et al.                                                                                                                                                                                                                                     



SSM - Population Health 23 (2023) 101474

9

constraining conditions including higher chronic illness burden and 
labor market exclusion (e.g., unemployment or essential worker status). 
On other hand, important differences also exist between these groups in 
age structure (more non-adults among transgender cases), household 
composition (smaller households among sexual minorities), and general 
physical health (hospitalization risk for transgender individuals), which 
partially explained their differential levels and types of hardships. More 
research is needed to interpret these findings. We speculate that the age- 
related findings may stem from the typically earlier development of 
gender identities in childhood and adolescence than sexual identity 
(Boskey, 2014). Also, transgender persons have health risks and mental 
stressors relating to gender-affirming care as well as HIV risk not lower 
than gay men (Bockting et al., 2005; Reisner et al., 2014), which 
possibly induces their higher rate of severe COVID-19 and worse general 
health. Moreover, the unexpected findings around sexual minority in
dividuals and unmet needs also invite further research. For example, 
given that the suppression effects of sexual minority disadvantages were 
attributable to compositional differences in age and household size, to 
what extent are sexual minority individuals more protected from 
COVID-19 repercussions than racial-ethnic and gender minority groups? 
Relatedly, future research may wish to not only consider gender and 
sexual identities as classifying criteria, but also address sociodemo
graphic variations within sexual and gender minority populations. 

Third and more generally, the decomposition results revealed in
sights about inequality mechanisms that were previously neglected in 
the literature. While we provide confirmatory evidence on the roles of 
various social determinants of health (SDH) in creating categorical in
equalities, our approach illustrates the analytic leverage gained by dis
tinguishing correlation from mediation and by quantifying the 
contribution of respective mediators. An important example is that 
transgender individuals had higher prevalence of chronic illness and 
obesity, but these conditions did not significantly explain their gaps 
against cisgender persons in either outcome. Similarly, many studies 
looked to working conditions (e.g., essential worker, unemployment) to 
explain racial-ethnic disparities during the pandemic, with some finding 
them relevance (Dalsania et al., 2022; Griffin et al., 2023) and others 
that do not (Lee et al., 2022). Yet we established that differences in 
unemployment rate do matter in statistical testing but the magnitude of 
its explanatory power was also quite small, explaining between 1 and 
5% of the observed disparities. 

On top of this, the decomposition showed that minority groups’ 
younger age structure, more specifically the proportion of non-adult 
cases, played a more prominent role in explaining disparities in unmet 
needs for all groups. While the hardship of young persons and families 
with children was occasionally discussed in media and policy reports, 
this finding calls on researchers to take this theme more seriously in 
scholarly inquiries. On another plane, the finding here also resonates 
with Griffin et al.’s (2023) recent work that explored age as an essential 
covariate in dissecting racial disparities in COVID-19 mortality, and the 
broader tradition in demography that foregrounds population compo
sition as a key variable in analyzing social processes. 

Finally, we emphasize the limited role of our pathway variables in 
explaining observed disparities. Although many of our socio- 
demographic mediators emerge as valid mechanisms, about 80–90% 
of the disparities remained unexplained in most cases. This calls for 
research into other, potentially more crucial mechanisms for explaining 
categorical disparities. For instance, systematic racism may not manifest 
only in terms of socioeconomic status, but also with respect to neigh
borhood environment, social connections, overt and covert discrimina
tion, and chronic stress and anxiety (Chandra & Skinner, 2003; Dressler 
et al., 2005; Himmelstein et al., 2015). For gender and sexual minority 
disparities, the stigma process is often associated with perceived prej
udice and ostracism, mental health struggles, and healthcare access 
deprivation (Drabble and Eliason. 2021; Reisner et al., 2014). We did 
not have the relevant data to test these mechanisms, leaving for future 
research to investigate these possibilities. 

Our study has several limitations. First, as already noted, our data 
did not contain more contextual or individual-level variables that allows 
to further unravel explanatory pathways for each axis of inequality. For 
instance, measures on residential location, personal networks, health 
insurance, and perceived discrimination may all be key to disentangling 
the sources of observed inequalities. Second, missing data were sub
stantial for the optional sexual orientation question in the CICT survey. 
While we used alternative measures to triangulate our results, it is not 
possible to empirically verify that one correctly handled missingness 
(Little & Rubin, 2019). Third, we could not capture gender or sexual 
identity with a finer classification due to data limitations (see Methods), 
but differences from within transgender and sexual minority commu
nities deserve attention and future research. For instance, transgender 
men and gender-nonconforming individuals appear on average to have 
poorer health outcomes than transgender women (Lagos, 2018), 
whereas gay men and lesbian women also differ in the specific type of 
health concerns they experience (Conron et al., 2010). Fourth, given the 
small number of individuals who reported having specific type of need 
(see S3), we did not explore the exact needs individual groups are likely 
to report. Finally, our analyses focused on Chicago and are not nation
ally representative. While the results here provide reference points to 
other urban municipalities with similar demographics and disparities 
(Ruprecht, Wang, Johnson, Xu, & Felt, 2021), more evidence from other 
regions is needed to test for the generalizability of our findings. 

These limitations notwithstanding, our study threw light on the 
emergence, magnitude, and processes of disparities during the COVID- 
19 pandemic. The findings extend the scholarship on gender and sex
ual minority disadvantages and the role of socio-demographic de
terminants as deriving health inequalities. With the conclusion of the 
COVID-19 public health emergency, these results also have ongoing 
policy implications for issues like long COVID (Khullar et al., 2023) and 
the unequal pace of economic recovery across social groups. We 
welcome future research with richer data and innovative methods to 
further our understanding of the intertwinement between social iden
tity, resources, and health. 
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