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Introduction 
 
Currently, there have been approximately 490 
million confirmed cases of coronavirus disease 
2019 (COVID-19), including more than 6 million 

deaths (1). The ongoing COVID-19 pandemic 
has placed enormous pressure on healthcare sys-
tems, disproportionately affected specific popula-

Abstract 
Background: The coronavirus disease 2019 (COVID-19) pandemic has disproportionately affected socially 
disadvantaged groups; however, the association between socioeconomic status and healthcare utilization among 
COVID-19 patients remains unclear. Therefore, a systematic review and meta-analysis was conducted to assess 
the association between socioeconomic status and hospitalization and intensive care unit admission among 
COVID-19 patients. 
Methods: PubMed, Embase, and the Cochrane Register of Controlled Trials were searched for relevant litera-
ture (updated to Jun 2022). Studies that investigated the association of social deprivation with hospitalization 
and intensive care unit admission in COVID-19 patients were included. The primary outcomes included risk of 
hospitalization and intensive care unit admission, measured by odds ratio. 
Results: Eleven studies covering 2,423,095 patients were included in the meta-analysis. Socially disadvantaged 
patients had higher odds of hospitalization in comparison to socially advantaged patients (odds ratio 1.25, 95% 
confidence interval: 1.14 to 1.38; P<0.01). The odds of intensive care unit admission among more deprived 
patients was not significantly different from that of less deprived patients (odds ratio 1.03, 95% confidence 
interval: 0.78 to 1.35; P=0.85). These findings were proven robust through subgroup and sensitivity analyses. 
Conclusion: Socially disadvantaged populations have higher odds of hospitalization if they become infected 
with COVID-19. More effective medical support and interventions for these vulnerable populations are re-
quired to reduce inequity in healthcare utilization and alleviate the burden on healthcare systems. 
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tion groups and undermined health equity (2). 
Health equity, in which all people have a fair and 
just opportunity to be healthy, necessitates the 
removal of obstacles to health, such as poverty, 
racial discrimination, and limited access to 
healthcare. Social determinants of health (SDH) 
are some of the most important contributors to 
health equity. These include five indicators: eco-
nomic stability, education, social and community 
context, health and health care, and neighbor-
hood and built environment (3). For example, 
living in deprived neighborhoods with poorer 
availability of exercise equipment for physical 
activity and limited access to healthcare increases 
an individual’s risk of chronic disease, associated 
with poor outcomes for COVID-19 patients (4). 
To improve outcomes for COVID-19 patients 
and reduce health inequity, it is critical to identify 
vulnerable populations with higher odds of hos-
pitalization and intensive care unit (ICU) admis-
sion.  
Many studies have confirmed the association be-
tween racial and ethnic minority status and ad-
verse COVID-19-related outcomes, including 
hospitalization, ICU admission, and mortality (5, 
6). These detrimental effects of racial disparities 
can be amplified by socioeconomic status, quanti-
tatively measured by various social deprivation 
indices, such as the social deprivation index 
(SDI), area deprivation index (ADI), and New 
Zealand deprivation index (NZDI). The SDI is 
assessed via 7 factors, namely poverty, education, 
employment, household overcrowding, non-
home ownership, family structure, and transpor-
tation (7). The ADI uses 17 indicators in its con-
struction, including poverty, education, housing, 
and employment status (8). The NZDI is calcu-
lated based on 10 variables, including social assis-
tance, income, education, housing, family struc-
ture and employment status (9). Higher scores of 
these indices suggest higher level of social depri-
vation.  
Socially deprived populations with limited access 
to health care services are more vulnerable to 
COVID-19, and it is critically important to ex-
plore the association between social deprivation 
and healthcare utilization (10, 11). However, this 

association remains controversial. Some studies 
have indicated that patients with greater depriva-
tion scores are at a higher risk of hospitalization 
and ICU admission (12, 13), while other studies 
have found no association between social depri-
vation and hospitalization (14, 15).  
We therefore conducted this systematic review 
and meta-analysis to evaluate the impact of soci-
oeconomic status on hospitalization and ICU 
admission among COVID-19 patients. 

 

Materials and Methods 
 
The guidelines of the Cochrane Handbook for 
Systematic Reviews of Interventions and the Pre-
ferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) were followed dur-
ing all stages of the design, implementation and 
reporting of this meta-analysis (16, 17).  
The protocol was registered in the PROSPERO 
database (trial registration: CRD42022319667). 
 
Search strategy 
Two authors independently searched for relevant 
literature in PubMed, Embase, and the Cochrane 
Register of Controlled Trials (updated to Jun 
2022). The search strategy combined terms relat-
ed to COVID-19, social deprivation, hospitaliza-
tion, and ICU admission. Reference lists of pre-
viously identified literature were also consulted to 
retrieve additional relevant studies. 
 
Study selection 
Two independent reviewers (YJZ and KT) 
screened all papers using pre-designed eligibility 
forms. Disagreements were resolved through dis-
cussion with a third reviewer (TTL). Because dif-
ferent indicators are involved in the construction 
of various social deprivation indices, we assessed 
the impact of social deprivation on healthcare 
utilization by quantiles rather than in continuous, 
indexed form. Social deprivation score was cate-
gorized into quintiles, where quintile 1 represent-
ed the lowest deprivation level and quintile 5 rep-
resented the highest deprivation level. Patients in 
quintile 1 were socially advantaged, and patients 
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in quintiles 2-5 were socially disadvantaged. Stud-
ies were included if they met the following crite-
ria: 1) participants: patients with confirmed 
COVID-19 infection; 2) intervention: social dis-
advantage (quintile 2-5 of social deprivation in-
dex); 3) comparison: social advantage (quintile 1 
of social deprivation index); 4) outcome: hospital-
ization or ICU admission after COVID-19; 5) 
study design: observational studies. Studies that 
met the following criteria were excluded: 1) stud-
ies reporting on animals; 2) studies without quan-
tifiable data regarding the association of social 
deprivation with hospitalization and ICU admis-
sion; 3) article types including reviews, letters, 
comments, conferences, and case reports; 4) 
studies using social deprivation as a continuous 
variable to measure the effect size estimates. 
 
Data extraction 
Two reviewers independently extracted the data 
from each study using a Microsoft Excel-based 
pre-designed electronic data collection form. The 
extracted data included the first author, publica-
tion year, region, study design, recruitment win-
dow, age, sample size, social deprivation assess-
ment (ADI; SDI; index of multiple deprivation, 
IMD; NZDI; Townsend deprivation index, TDI; 
health improvement index, HII; Pampalon mate-
rial deprivation index, PMDI), effect measures, 
effect size of the association between social dep-
rivation scales and hospitalization/ICU admis-
sion, adjustment model, and outcomes. A third 
reviewer examined the extracted data, and any 
discrepancy was resolved through consensus. Au-
thors of included papers were contacted via e-
mail to obtain additional information when re-
quired. 
 
Risk of bias assessment 
Two reviewers (YJZ and KT) independently as-
sessed the risk of bias, and any discrepancy was 
resolved by consensus. The risk of bias was as-
sessed using the Newcastle-Ottawa Scale, used to 
determine the quality of non-randomized studies 
in the meta-analysis. This scale included three 
broad perspectives: 1) the selection of the study 
group, 2) the comparability of the groups, and 3) 

the ascertainment of the outcome of interest. The 
total score of the Newcastle-Ottawa Scale ranged 
from 0 to 9 points, with ≥ 8 points classified as 
high quality, 5-7 points as moderate quality, and 
< 5 points as low quality. 
 
Statistical analyses 
The statistical analysis was conducted using 
STATA version 16.0 (StataCorp, College Station, 
TX, USA). We estimated the odds ratio (OR) 
with 95% confidence interval (CI) to examine the 
association of social deprivation with hospitaliza-
tion and ICU admission. The effects were pooled 
using a random-effects model to provide a more 
conservative estimate, allowing for any heteroge-
neity between studies (18). The heterogeneity was 
quantified through the I2 statistic, and I2 ≥ 50% 
indicated significant heterogeneity. 
To identify potential sources of heterogeneity, 
subgroup analyses were conducted based on re-
gion (USA, UK, or other countries), social depri-
vation assessment (ADI, IMD, or other depriva-
tion indexes), study quality (high quality versus 
low-moderate quality), and adjustment model 
(adjusted or unadjusted). Sensitivity analysis was 
performed by omitting studies one by one to in-
vestigate each study’s influence on the overall 
pooled estimate. The publication bias was as-
sessed using funnel plots and the Egger test. The 
results were considered statistically significant 
with a P<0.05. 
Systematic Review Registration: 
https://www.crd.york.ac.uk/PROSPERO/#reco
rdDetails, identifier: CRD 42022319667. 
 

Results 
 
Study selection 
Overall, 1,163 articles were retrieved, and 54 
studies were reviewed in full text after the title 
and abstract screening. Ultimately, 11 papers with 
2,423,095 patients were included in the meta-
analysis (Fig. 1) (19-29). The characteristics of the 
included studies are shown in Table 1. Four stud-
ies were conducted in the USA (19, 21, 24, 27), 
five in the UK (22, 23, 26, 28, 29), one in New 
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Zealand (20), and one in Canada (25). The sam-
ple sizes ranged from 964 (conducted in Canada) 
to 2,311,282 (conducted in UK) (25, 26). Four 
studies used the IMD to assess social deprivation 

(22, 26, 28, 29), two studies used the ADI (19, 
27), and five studies used other assessment tools, 
including the NZDI, HII, PMDI, TDI, and SDI 
(20, 21, 23-25). 

 

 
 

Fig. 1: Flow diagram of literature search and selection 
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Table 1: Characteristics of included studies 

 

Study Publica-
tion year 

Coun-
try 

Recruitment 
window 

Age/yea
rs 

Sam-
ple 
size 

Depriva-
tion in-

dex 

Effect 
measu

res 

Outcome 
assessed 

Ingraham NE 
(19) 

2020 USA March 2020- 
August 2020 

44(27-62) 5:577 ADI OR Hospitaliza-
tion 

Jefferies S (20) 2020 New 
Zea-
land 

February 
2020- 

May 2020 

NA 1:153 NZDI OR Hospitaliza-
tion 

Lewis NM (21) 2020 USA March 2020- 
July 2020 

NA 28:148 HII OR Hospitaliza-
tion 

Cummins L 
(22) 

2021 UK February 
2020- 

June 2020 

≥16 1:781 IMD OR Hospitaliza-
tion 

ICU admis-
sion 

Saatci D (23) 2021 UK January 2020- 
October 2020 

14(9-17) 26:322 TDI OR Hospitaliza-
tion 

ICU admis-
sion 

Zhang Y (24) 2021 USA March 2020- 
June 2020 

54(38-68) 23:300 SDI OR Hospitaliza-
tion 

ICU admis-
sion 

Abda A (25) 2022 Cana-
da 

March 2020- 
May 2021 

≤17 964 PMDI OR Hospitaliza-
tion 

Beaney T (26) 2022 UK October 
2020- 

April 2021 

44.3(17.1
) 

2:311:2
82 

IMD OR Hospitaliza-
tion 

Walls M (27) 2022 USA March 2020- 
August 2020 

NA 12:956 ADI OR Hospitaliza-
tion 

ICU admis-
sion 

Wan YI (28) 2022 UK September 
2020- 

February 
2021 

NA 5:533 IMD OR ICU admis-
sion 

Ward JL (29) 2022 UK February 
2020- 

January 2021 

≤18 6:079 IMD OR ICU admis-
sion 

NA: not available; ADI: area deprivation index; NZDI: New Zealand deprivation index; HII: health improvement 
index; IMD: index of multiple deprivation; TDI: Townsend deprivation index; SDI: social deprivation index; Pam-
palon material deprivation index: PMDI; HR: hazard ratio; OR: odds ratio; ICU: intensive care unit. 

 
Quality assessment 
The quality of the included studies is shown in 
Table 2. Six studies were of high quality (≥8), 

while the others were of low-moderate quality 
according to the criteria of the Newcastle-Ottawa 
Scale. 
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Table 2: Results of Newcastle-Ottawa Scale quality assessment 

 

Study Selection 
(4) 

Compa-
rability 

(2) 

Outcome 
(3) 

Qua
lity 
(9) 

 Repre-
senta-

tiveness 
of the 

exposed 
cohort 

Selection 
of the 
non-

exposed 
cohort 

Ascer-
tainment 
of expo-

sure 

Demon-
stration 
that out-
come of 
interest 
was not 

present at 
start of 
study 

Compara-
bility of 

cohort on 
the basis of 
the design 
or analysis 

Assess-
ment of 
outcome 

Was fol-
low-up 

long 
enough 
for out-
come to 
occur 

Adequa-
cy of 

follow up 
of co-
horts 

 

Ingraham 
NE (19) 

1 1 1 1 2 1 0 1 8 

Jefferies 
S (20) 

1 1 1 1 0 1 0 1 6 

Lewis 
NM (21) 

0 1 1 1 1 0 0 1 5 

Cum-
mins L 
(22) 

0 1 1 1 2 1 1 1 8 

Saatci D 
(23) 

1 1 1 1 2 1 1 1 9 

Zhang Y 
(24) 

1 1 1 1 0 1 1 1 7 

Abda A 
(25) 

0 1 1 1 1 1 0 1 6 

Beaney T 
(26) 

1 1 1 1 2 1 1 1 9 

Walls M 
(27) 

1 1 1 1 2 1 1 1 9 

Wan YI 
(28) 

1 1 1 1 2 1 1 1 9 

Ward JL 
(29) 

0 1 1 1 0 1 0 1 5 

 
Meta-analysis of the effects of social depriva-
tion on hospitalization among COVID-19 pa-
tients 
Nine studies provided information on the associ-
ation between social deprivation and hospitaliza-
tion. Socially disadvantaged patients had higher 

odds of hospitalization in comparison to socially 
advantaged patients (OR 1.25, 95% CI: 1.14 to 
1.38; P<0.01, I2 =76%). Significant heterogeneity 
was observed among included studies (P<0.01; 
Fig. 2). 
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Fig. 2: Forest plot of the effects of social deprivation on hospitalization among COVID-19 patients 

 
Meta-analysis of the effects of social depriva-
tion on ICU admission among hospitalized 
COVID -19 patients 
Six studies reported data on the association be-
tween social deprivation and ICU admission. The 

pooled OR value among the more deprived pa-
tients was not significantly different from the less 
deprived patients (OR 1.03, 95% CI: 0.78 to 1.35; 
P=0.85, I2 =86%). A high level of heterogeneity 
was found in this meta-analysis (P<0.01; Fig. 3). 

 

 
Fig. 3: Forest plot of the effects of social deprivation on ICU admission among COVID-19 patients 

 
Subgroup analysis 
For hospitalization, significant interaction was 
observed between the different deprivation as-
sessments, and larger effects were found in stud-

ies that used other deprivation indices (P<0.01). 
There was also significant interaction between 
the different levels of study quality, and larger 
effects were found in studies of low-moderate 
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quality (P<0.01). Concurrently, heterogeneity de-
clined in the subgroup analyses based on study 
quality and adjustment model (Fig. 4). In the 
subgroup analysis by adjustment model, socially 
deprived patients were less likely to be admitted 
to the ICU (OR 0.78, 95% CI: 0.60 to 1.00; I2 

=23%) in the unadjusted model, whereas no sig-
nificant increase in the odds of ICU admission 
among deprived patients was observed in the ad-
justed model (OR 1.17, 95% CI: 0.83 to 1.63; I2 
=87%; Fig. 5). 

 

 
 

Fig. 4: Forest plot of subgroup analysis of the effects of social deprivation on hospitalization 
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Fig. 5: Forest plot of subgroup analysis of the effects of social deprivation on ICU admission 

 
Sensitivity analysis 
For hospitalization, the sensitivity analysis 
showed that pooled OR values ranged from 1.22 

(95% CI: 1.12 to 1.33) to 1.30 (95% CI: 1.19 to 
1.43), consistent with the meta-analysis results. 
For ICU admission, pooled OR values ranged 
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from 0.92 (95% CI: 0.74 to 1.15) to 1.11 (95% 
CI: 0.84 to 1.48), implying that omitted studies 

resulted in only a small variation from the overall 
estimate (Table 3 and Table 4). 

 
Table 3: Sensitivity analysis of the association between social deprivation and hospitalization 

 

Study omitted Odds Ratio 95% Confidence Interval Model 
Ingraham NE 2020 1.30 1.19 1.43 Random model 
Jefferies S 2020 1.25 1.14 1.38 Random model 
Lewis NM 2020 1.23 1.11 1.35 Random model 
Cummins L 2021 1.27 1.15 1.4 Random model 
Saatci D 2021 1.26 1.14 1.39 Random model 
Zhang Y 2021 1.22 1.12 1.33 Random model 
Abda A 2022 1.25 1.14 1.37 Random model 
Beaney T 2022 1.27 1.13 1.43 Random model 
Walls M 2022 1.25 1.12 1.39 Random model 

 
Table 4: Sensitivity analysis of the association between social deprivation and ICU admission 

 

Study omitted Odds Ratio 95% Confidence Interval Model 
Cummins L 2021 1.06 0.78 1.44 Random model 
Saatci D 2021 0.95 0.71 1.27 Random model 
Zhang Y 2021 1.11 0.84 1.48 Random model 
Walls M 2022 0.92 0.74 1.15 Random model 
Wan YI 2022 1.06 0.74 1.51 Random model 
Ward JL 2022 1.05 0.77 1.44 Random model 

ICU, intensive care unit. 

 
Publication bias assessment 
Visual examination of the funnel plots for hospi-
talization and ICU admission indicated both were 
symmetrically distributed, suggesting that publi-
cation bias was unlikely to have influenced the 
pooled effect size. Moreover, the values of Eg-
ger’s test were 0.829 and 0.904, respectively, indi-
cating that there was no significant publication 
bias. 
 

Discussion 
 
The present meta-analysis identified disparities in 
healthcare utilization among COVID-19 patients 
with varying degrees of social deprivation. Social-
ly disadvantaged populations were more likely to 
be hospitalized than those were socially advan-
taged. However, there was no significant differ-
ence in ICU utilization among patients with vary-
ing socioeconomic statuses. These results were 
robust through subgroup and sensitivity analyses. 

The rapid increase in COVID-19 cases has over-
whelmed global healthcare systems, and socially 
deprived populations have been disproportion-
ately affected (30, 31). Social deprivation was as-
sociated with decreased COVID-19 testing rates, 
especially during the initial period of the pandem-
ic wherein limited testing resources were pre-
dominately used for seriously ill populations, 
which resulted in poor outcomes for vulnerable 
individuals (32). Despite socially deprived popu-
lations being less likely to be tested, they were 
more likely to be COVID-19 positive, and they 
experienced increased barriers to healthcare ac-
cess, such as lack of insurance, limited transporta-
tion, or fewer neighborhood medical resources 
(33-35). Such barriers led to delays in receiving 
medical care until the disease progressed, con-
tributing to increased risk of hospitalization. 
Differences in healthcare-seeking behaviors were 
also associated with the risk of hospitalization. 
The observed disparity in hospitalization rates 
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may be partially attributed to the fact that the so-
cially advantaged individuals could obtain early 
outpatient services and prevent disease progres-
sion, resulting in a reduced need for inpatient 
services (36). In contrast, socially disadvantaged 
patients living in more deprived communities 
with fewer sources of supports and limited access 
to primary healthcare were more likely to receive 
initial medical care in emergency departments 
rather than ambulatory clinics, further increasing 
their risk of hospitalization (24). 
Compared to socially advantaged groups, socially 
disadvantaged populations had more underlying 
health conditions, which placed them at higher 
risk for severe cases of COVID-19 (37, 38). 
These disparities in baseline health status may be 
attributed to socioeconomic determinants of 
health inequities (39, 40). For example, popula-
tions with low socioeconomic status experience 
unhealthier working environments and had more 
sedentary lifestyles as they lived in neighbor-
hoods with few physical activity facilities. This 
increased their risk of cardiovascular disease (41, 
42). Patients with pre-existing conditions, includ-
ing but not limited to diabetes, obesity, dementia, 
and cardiovascular diseases, were at higher risk 
for progression to severe COVID-19 requiring 
hospital admission and intensive care (43).  
In contrast to hospital service utilization, no sig-
nificant association between social deprivation 
and ICU admission was observed in our meta-
analysis. Moreover, three included studies in the 
subgroup analysis of the unadjusted model 
showed that social deprivation decreased the risk 
of ICU admission. However, income was nega-
tively correlated with the risk of ICU admission 
(44). There are two possible reasons for these 
seemingly paradoxical results. First, factors other 
than income, such as employment, housing, and 
education, comprised the social deprivation index 
and might affect the risk of ICU admission. Sec-
ond, the unadjusted model may have overesti-
mated the pooled estimates of social deprivation 
and overlooked the effects of other risk factors, 
including older age, comorbidities, male sex, race, 
and ethnicity (45). 

Given these findings, it is critically important to 
take measures to alleviate the identified burden 
on overwhelmed healthcare systems and reduce 
the social gradient during the COVID-19 pan-
demic. Providing at-home test kits and mobile 
clinics could improve equitable access to 
healthcare services, as transportation is often the 
major barrier to underserved populations (46, 
47). Furthermore, primary prevention to reduce 
incidence and prevalence of underlying comor-
bidities and prioritization of vulnerable popula-
tions for vaccinations also play an important role 
in mitigating strain on healthcare systems (48, 
49). 
The present study had several strengths, includ-
ing the application of rigorous Cochrane meth-
odology to assess the pooled effect size. In addi-
tion, we performed a range of subgroups analyses 
to explore potential heterogeneity and conducted 
sensitivity analyses to examine the robustness of 
our findings. Despite these strengths, there were 
still limitations. First, four studies did not provide 
adjusted OR values of the association of social 
deprivation with hospitalization and ICU admis-
sion. Therefore, the pooled estimates might have 
been overestimated due to potential confounding 
factors. Second, significant heterogeneity was ob-
served in our results. Although we conducted 
subgroup analyses by geographic region, depriva-
tion assessment, and adjustment model, hetero-
geneity was still high in most subgroup analyses. 
The heterogeneity might reduce the generalizabil-
ity and statistical power of the meta-analysis. 
Larger and more robust studies are needed to 
delineate the external validity our findings. Third, 
studies using social deprivation as a continuous 
variable to measure the effect size were excluded, 
and thus some relevant information may have 
been overlooked. Finally, most of the included 
studies were performed in the USA or UK. 
Therefore, caution should be used in applying 
these results to other regions. 

 

Conclusion 
 

COVID-19 has disproportionately affected so-
cially deprived populations in that these popula-
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tions have faced higher odds of hospitalization. 
However, no significant association was observed 
between social deprivation and ICU admission. 
The evidence from this meta-analysis has identi-
fied vulnerable populations at risk and it high-
lights the pressing need for healthcare services 
among socially disadvantaged populations. These 
findings should be considered in the implementa-
tion of public health interventions that aim to 
alleviate the burden on healthcare systems and 
reduce health inequity during the COVID-19 
pandemic. 
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